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CHAPTER 1

The Problem, Purpogces of the Study,
' Overview of the Study

ldantificuLion ol the Problem

During the pact decade mathematics curricula have been
revised significantly in an effort to provide students with a
greater understanding of mathematics. Curriculum developers
have attempted to communicate something more than algorithms
and computational skills to the student (cf. Report of the
Commission on Mathematics, 1999). That is, the student also
iz expected to learn relationships among mathematical concepts.
In short, one purpbose of the new curricula is to fumiliarize
students with the structure of mathematics (Report of the
Cambridge Conference, 1963).

Thig focus on mathematical structure led to the forma-
tion of several curriculum groups. They were charged with
incorporating the structure of mathematics into the public
school mathematics curricula. In discussing one of these
- groups, the School Mathematics Study Group, Regle (1971, p. 68)
writes:

... by paying careful attention to the structure

of mathematics, the way mathemalical ideas fit

Logether, rather than relying on intricate and

ingenioun computations, it was poroible to solwve

difficult and important mathematical problems... .

The importance of this change of emphasis from

ingeniousn computations Lo basic concepts and the

structure of mathematics gradually became clear.

In spite of the emphasis in past years on the structure

of mathematics, very little empirical work has been done con-

cerning the communication of mathematical structure to the
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student..  One pousible reason ror Lhis puucity ol rescarch is

that mathematical structure hag not been defined operation-
ally. Another posasible reason is that the thrust of curriculum
revision has been toward development rather than research and
evaluation. Only recently have o lew, syctematic, empirical
studies in mathematics education (c.pre the Hational Longi-

tudinal Study o! lathematical Abilities, School Mathematics

'Study Group,) been carried out. If learning mathematlical

structure in az important to mathematics education as leaders
in the field ruppest, a delfinition of structurz which leads
to empirical methods for studying structure are critical to
the improvement ol mathematics curricula.

The purpoce of this study, in broad terms, is to define
what ig meant by gtructure in mathematics curricula and to
invegtigate some methods for examining structure in the cur-
riculum and structure in the student's memory after instruction.
Of peripheral focus in this study is the possible usefulness
of information gathered by the various procedures for curriculum
evaluatioﬁ, both formative and summative (Scriven, 1967). The
study itselfl is not a curriculum evaluation, but if the
instruments and procedures used in the study yield information
concerning the representation, communication and learning of
mathematical structure then the instruments alsc should lend

themselves to evaluation.

Definition of the Research Problem

Bepgle (in preparation) states, "We consider mathe-

matics to be a set of interrclated, abstract, symbolic systems.'




O

ERIC

Aruitoxt provided by Eic:

N

fle emphasives Lhal malhematical structure io a combination of
within syetem relationships and bLelween gynlem relationchips.
Shavelgon (1970, p. 1) used a similar general delfinition for
structure.

esostructure is deflined as an ascemblage of

identifiable clements and the relationships

between those eclements. Structure may be

objective and real or internal and subjective.

In inlerpreting literature on structure,

special attention will be paid to identiflying

elements and stating how they are interrelated.
Begle's discussion and Shavelson's definition are sufficiently
similar to indicatc that Shavelcon's work mey be relevant to
the representation of mathematical structurc.

Yor the purposes of this study, mathematical structure
is defined to be the relationships between concepts within a
set of abstract systems. (Concepts may be represented by
either symbols or words.) Suppose we could get measures of
structure in hoth the mathematics curriculum and in a student's
memory after learning from the curriculum which are consistent
with our definition of mathematical structure. Comparison of
the two representations of structure might provide some

insight into the extent to which the goal of teaching mathe-

matical structure has been achieved.

Content. glructure. When we npeal of the structurc

presented ty 2 mathematics curriculur we rafer to what
Shavelson (1970) has.termed content structure. Content
structure is "the web of facts (words, concepts), and‘their
interrelations in a body of instructional material [Shavelson,

1970, pe 917." The problem, then, is to identify a method for
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mapping the concepts and their interrelations in a mathematics
curriculum. One possible method, applied by'Shavelson (1970,
is the theory of directed graphs. "This theory is concerned
with patterns ol relations: thS among palrs of abstract elements
[ Harary, Norman, and Cantwrlght, 1965, p. 2]." The theory of
directed graphs, or more briefly, digraph theory,

...deals with abstract conligurations called

~digraphs, which consist of 'points' and 'directed

lines.' When these terms are given concrete

referents, digraphs serve as mathematical models

of empirical ;tructure», and properties of

digraphs reflect structural properties of the

empirical world... [ Harary, et. al., 1965, p. vJ.
1f we allow concephs (words or symbols) to be représehted by
pointé and theilr interrelationships to be répresented by linés,
then all true statements about the obtained digraph are cor-
respondly true of the empirical world. Digraph theory, then,
provides a method for transferring written instruction into
a structural representation consistent with our definition of
mathematlcal structure.

hopqtc1n and Hanrieder (1966) and Shavelson Ll970)
have applied digraph theory to the analy51s of content struc—
ture. Shavelson (1970) developed one possible set of rules
for transferring prése into a digraph. He used the sentence
as a unit ol analysis and sepsrated it into its Syntactical-
COmponents. He ther: gave rules for relating various components
of the sentence to the digraph. Shavelson (197C, p. 37) ga#e

the following example from physics:



«eo'lorce in the product of mass and acceleration'
and was diaprammed ag:

lorce I ig I;product

g 0
r =
% ’ massg
— o8
o
I
and

aceeleration

...The following digraph for I' = MA resulted:

Yorce ) roduct
e DT

lass Acceleratioh

As Shavelson (1970) points out, digraph theory is only
one possible way of representing the structure presented by
text (see Berelson (1954) for a review of other alternatives).
An equally plausible method for representing mrthematical
structure would be the use of graph theory (Harary & llorman,
1953). Graph theory differs fror digraph theory irn that non-
directed line:s are uced. A third method for representing
content structure is task analysis (cf. Gagne, 1965). This
results in a logical hierarchy of concepts. Other alternatives,
such as transformational grammar (Chomsky, 1965), might be
used.. In this study, three methods of analyzing content

gstructure--digrarh theory, graph thsory, ard task analysis--

’)

will Le invectipated.

Cognitive structure. Curriculum evaluators have used

nunerous mebhodn: in attempting to decide whether or not the
goals of the curriculum have been achieved. Most evaluation

instruments rely on achievement tests to assess the success

ERIC
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ol o curriculum. However, Lhe [acht Lhat o ghudent can add
and subtract does not imply necessarily thal the sbudent ig
familiar with the relationship between addition and subtrac-
tion. Various tests have been developed to determine if a
student underntands these relationships. lor example, the
National Longitudinnl Study of Mathematical Abilities (NLSMA)
developed tests for four cognitive levels (Romberg & Wilson,
1969). The tests actually do not attempt to measure the learn-
ing of mathematical structure, but purport to measure complexity
levels of mental activities (Romberg & Wilson, 1969). 1f the
curriculum developer or mathematics educator actually desires
the student to ve familiar with a structure in mathematics,
this objective needs to be defined in terms suitable for
empirical investigation. Then the 2valuator should determine
the success of the curriculum in éttaining this objective.
"When we take so much care to develop understanding and
creativity in the student, it would be a pity to test his
achievement only in terms of the mechanical skills and rote
responses he has learned. [Cambridge Conference Report, 1963%)."
When we speak of structure in a student's memory, vie
refer to "cognitive structure.” Cognitive structure is a
"hypothetical construct referring to the organization (inter-
relationships) of concepts in long-term memory [Shavelson,
1970, p.'9].” One method for examining cognitive structure is
the technique of word association (WA) (cf. Deese, 1962, 1965;
Johnson, 1964, 1965, 1967, 1969; Shavelson, 1970). With this
method, the student is presented a concept in wmathematics,

for example, and asked to call forth as many other related




mathematical concepln an he can.  Uhe rationale for using this
melhod to emamine copnitive structure i pglven by Deese (1962,
p. 174): MTascociations derive in whole o part from the
structures or categories ol the human mind." According to
Decse (1962, 196%) and Shavelson (1970), Lhe meaning ol words
is delined, in ¢+ large pavt, by the organﬂzcd relalions among
words. Johngon (1967) concurs that learning subject matter
is, in part, internalizing relationships between concepts.

Ope way to examine the organization of concepts in a
student's memory is Lo compare the overlap in respounses to
various concepbs.  "The underlying assumption is that the
order of respoune retrieval from long~term memory reflects at
least a sighificaﬁt part of" the =tructure within and between
concepts [Shavelsoun, 1970, p. 6]." Since the problem at hand
is‘to obtain a representation of the student's cognitive
gstructure concerning mathematics, we are interested in how
the student organizes the mathematical concepts. The WA
technigue reveals something about that organization. Deese
(1962) took concepts which had an underlying categoric struc-
ture, collected WA data, and wags able to retrieve an inter-
pretable, logically consistent structure from the WA data.
Thus the WA method may be appropriate for investigating that
portion of a student's cognitive structure concerning mathe-
matics.

Rothkopf and Thurner (1970, p. 8%) observed that "the
performance changes that recsult from experience in the verbal
learning laboratory may [ ...] be quite untypical of the manner

in which verbal performance igs ordinarily modified by verbal
O
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experiences in man." They suggest that we should investigate
quantitative indicators that rescmble more closely normal
language usage. This line of reasoning led Rothkopl' and
Thurner to suggest a second method of investigating cognitive
structurec, namely the use of eenay protocols.

Techniques for the analysis of azsay

proftocols are also applicable to the analysis

of instructional text. Az such they offer

the pos.ibility of providing quantitative

indicators of instructive experience and more

powerful and realistic characterization of

independent variables in instruction. [Rothlopf

& Thurner, 1970, pp. 88-29].

Since the word association technique is not the only
possible (and perhaps not the bLest) mearure of the learning
o' mathematical structure, a second measure of cognitive
structure will be used in this study. Following a literature

- . . i . . 1
search for similar instruments and discussions with advisors~,
two new instruments, a paragraph construction task and a

. 2 .
sentence construction task™, were used to measure learning of
mathematical structure.

With the paragraph construction (PC) test, students

write a psragraph explaining the mathematical relationship(s)

lihe author is grateful to FProfessor Lee J. Cronbach
for his suggestions and criticisms in this area.

chsulLs of a pilot study indicated the sentence con-
struction task was too constrained a task for Ss. Sentences
were often nonsensical or inapprorriate, e.g. "Probability
and event are both nouns." Ss who did respond appropriately
to the sentence construction task usually responded in a
similar but expanded manner on the paragraph construction task.
Thus, in general, the useful information from the sentence
task was obtained also from the paragraph task. Therefore,
it was decided not to use the sentence construction task in
this study.
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between key concepts. Although Robhkopl and Thurner (1970)
asked Sa to write about only one concept al a btime, the
emphasis of the present study is on the relalionship between
concepts and thus it was felt that the instructions to explain
the relationship between two concepls corrczponded more clozsely
to our deflinition of structure than did the method of Rothkopf

and Thurner.

Overview of the Study. The purpose of this study was

to examine the communication of the mathematical structure of
a programmed text in probability to Ss. Ss, chosen from three
school levels (elementary school, junior high school, and
high school), were assigned randomly within each school level
to experimental and control groups. =Ss received instructiocn

7

in their regular classroomsj; experimental Ss read the prob-

ability text, while control Ss read a programmed text on a

different mathematical topic. Prior to and following instruc-

‘tion, Ss received tests on achievement, attitude, and cognitive

structure.

Cognitive structure was investigated using WA and PC
techniques. Digraphs, graphs, and task analysis were used to
reprearnt content structure. The various representations of
content structure and cognitive structure were compared. Ss
learning of mathematical structure was compared to schievement,
111 Anta.

Shok s
- L e Py
v o

I o E] “ 3 - s
attitude, arnd, in soms caze

(N
i

5At th.e high =chool level, it was necessary to remove
some Ss from their regular claszrooms.
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Ieview of the Literalure

Mathematics educators have pul an increasingly strong
emphasis on communicating the ctructure of mnthematice to the
learnecr, particularly in the public schools (Report of the
Commission on Mathematics, 1959). Brovin (1971) in discussing
the changes in the mathematics curriculum over the past few
years states:

ve study nunbers Lthemselves [ and] reflect
the nuture of mathematics as a dincipline.
Flathemat icians refer to il as structure. Ve
are studying the basic structure of mathe-
matics [and in] pwrsuit of properties that
reveal the underlying nature of the mathe-
matical discipline...

Begle (in preparation, Chapter 111) claims

A prerequisite to a study of the learning
of mathemaltics is a clear understanding of
Lhe nature of the mathematics to be learned.
We concider mathematics to be a set ol inter-
related, abglract, symbolic systems.

Pegle goes on to say

Thus the structure ol mathematics hss Two
rartsz. Oz *“he one harnd, =ach mathsamatics

system has its own internal structure. On

the other hand, there are linkages between

different syshems which alco contribute to

the atructure ol mathematics.

Schwab (1962) argues that Lhe strucbhure of the cur-
riculun should reprecent the structure of the discipline and
it ic this ctructure that we are attempling to communicate to
the student. Scott (1965) in studying the organization of
text concluded that the academician does put structure in

curriculum end that empirical factors represent this structure

10
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fecilly welle  Howevaer, Brumificl (1971) dn discussing mentol
aspociations indicutoes that dilferent mathemabicians may see
particular aspects of mathematicnl structure differently.

The concensus, then, is that the curriculum should
atbempl Lo conmunicate structure to the student. Thin struc-
ture may vary depending on the particular currdculwn and the
structure is subject to empirical investigation.

The present study is an empiricol investigation of
che communication of a mathematical =tructure using methodn
developed by educalional puychologists (¢f. Leese, 15
1970; Rothkopf & Thurner, 1970; Shavelson, 1970). Stuuies
concerning the learning of structure have concentrated on one
of three basic elements: concepts, competencies, or algo-
rithms. Although the preéent study concentrates on concepts
and their interrelatiorships, the literature search in mathe-
matics education revealed the other two alternative approaches
to be the only empirical efforts in studying mathematical
structure. Thefefore, this chapter briefly rsviews the
alternative spproaches followed by a review of the approach

used in the present study.

Alternate Approaches to Investigating Structure

O

Organizstion of competencies. Gagne (1962, 1965, 1970)

discusnses the logical analysis of content structure or task

analysis. bThe focus of Gagne's suggestions is on competencies
rather than concepts. The task analysis proceeds by deciding
on the final competency(s) expected of students after instruc-

tion and then logically determining all subordinate competencies

ERIC
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that are neccusaly for carrying oul the final task(s). Gagne
(1962) slates that the task of a learning program is to: (1)
insure high recallability of relevant learning sels on which
achievement has been demonstrated; (2) making possible identi-
fication of expected performance and of new gtimuli, for each
newly presented task; and (Bj guiding thinking so as to suggest
proper directions for hypotheses asgociating subordinate
learning sets with each new one. Gagne and Paradise (1961)
present a study which lends support to the theory that dilfer-
ences in rate of completion of a learning program are primarily
dependent upon the number and kind of learning sets the learner
brings to the situation, and only secondarily upon his standing
with respect to certain basic sbilities.

Regnier and de Mohtmollﬁ1(l968) used graph theory to
represent content structure as described by Gagne (1962, 1965).
That is, points on the graph represent competencies. Thus a
method for obtaining a graph from a logical hierarchy of com-
petencies is given, but this graph is not directly comparable
to a graph which maps the organization of concepts. Thurner

and Johnson (1970) discuss the logical configuration of éoncepts.

Algorithmic approaches. A few researchers in mathe-

matics education have been interested in the learning of
mathematical structure. These authors have defined structure
in o different manner from the prezent otudy but are noted as
alternatives to the present procedures.

Diencs and Jeeves (1969, 1970), Branca (1971), and

Branca and Kilpstrick (1972) have devzloped one method for



mvestigating learning of mathematical structures. Branca
(LY71) wag concerned with Ss' slralegics lor learning struc-
turc. Su were asked bo digcover the rulen ol o game by Lrisl
and crror. ‘'he gtructure of the game was the Klein group
structurc. ‘The results are not pertinent Lo the present study,
but Bronca's dmplicit delinition ol structure is important. |
S was said to have lcarned the sbtructure when he had correctly
determined the rules of the game and verbalized these rules

in a manner consistent wivh the way the rules would be
expressed in mathematics. This nobion of structure departs
from either Shavelcon's (1970) definition concerning relation-
ships between concepts or Gagne's (1962) reference to logical
structure of competencies.

Scandura (1971) outlines his bagic theory of struc—
tural learning developed through a series of. empirical and
theoretical studies. He "proposes and defends [...] that
rules are the basic building blocks of all mathematical
knowledge and that, if looked at the right way, all mathematical
behavior is rule governed. [Scandura, 1971, p. 184].." Scandura
(1971, p. 186) uses "rule" in a different sense than Branca:

a class of behavior is said to be [ rule

governed J if the behavior can he generated by

a common algorithmic (generative) procedure

ol som2 aort...a person who hag mastered any

underlying procedure should [...] be able to

generate each and every response, given any

particular stimulus in the class of stimuli.

“While Scandura refers to linguistic theories, he appears to
derive his "rules" subjectively rather than empirically.
Secondly, though this set of rules may explain behavior it

does not appear to be reducable to relationships between
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conceplic, particularly sirce Beandura emphasizen process
rather than a ntatic entity of the type the present study is
concerned with in terms of sliuclure.

May.r and Greeno (1970) hypothesized that different
instructional procedures might produce qualitatively different
lesrning outcomes.  "lhe concept of binowinl probability was
taught using a method that emphasized calculating with the
formula, and a method that emphasized the meanings of the
variables in the lormula [Mayer & Greeno, 1972, p. 165]1."
Results of three experiments indicated there was not a signi-
ficant difference between lreatments in terms of the total
transfer test score. However, the transfer test was divided
into four parts: familiar items, transformed items, unanswer-
able items, and general questions. "Large interactions in
transfer veriormance were obtained inlthTee cases, indicating
that the two methods prroduced structurally different learning
outcomes [ p. 162 ]." This study indicates content structure

may have an effect on performance tests as well as cognitive

. structure measures.

Concept Appreoach to the Learning of Structure

The concept 'approach to structure is presented in
detail by other authors (cf. Gagne, 1962; Deese, 1962, 1967;
Anderson, 1969; Fillenbaum & Rapoport, 1971; Shavelson, 1970).
Therefore this review will briefly present only the main

points.

Content structure. The literature concerning'content

structure may be divided into two categories depending on
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whether the emphasis is on the organization of concepts or
competencies. Structure emphasizing concepts is most rele-
vant to this study, however, some attention is given above
to organization of competencies as an alternate method since
this ig more common in mathemafics education.

Kopstein and Hanrieder (1966) carried out one of. the
first studies which suggested using directed graphs (or
digraphs) (cf. Harary, et. al., 1965) to represent content
structure. Points on the digraph represented concepts and
lines between points indicated relationships between coricepts.
Although the purpose of their study--to investigate the
strength or vulnerability (qf. Harary, et. al.. 1965, of ‘the
resultant digraph--is not relevant to the'pfesent study,
theirbsuggestion of transforming content into a digraph .s
most important.

Kingsley, Kopstein, and Seidel (1962, p. 3) discuss
the use of graphs to represent content structure:

The requirement exists for a metalanguage

in which to describe communicable knowledge.

" A strong candidate for this role is the mathe-
matics of nets and graphs...It will be readily
apparent that such a representation amounts to

a 'map' of a knowledge space.

Shavelson (1970) reviews the literature concerning

ths uvzes ol digrsrhz to reprszent content srructhura. ACAition-
- N . ENR IS s o e vy A - -~ a o
ally he gives the rules for transforming ezch centance in ths

content to & digranh (see Shavelson, 1370, snpondiz &) =xd
shows how to combine the separate digraphs into a super-digraph
vhich represents the total content structure presented by a

text. Shavelson's methods are used in the present study.

ERIC
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Othe eludies (ef. Johnson, 1065, 1907, 1069; Irase,
1969) usmed dipmraprhs to represenl content rlructure, but do not
develop procedures for mapping the instructional material with
a dipraph as did Shavelson. IFrare and Silbiger (1990) and
Frase (1970) dincurns extensions of the usze of digraphs Lo
includ: soquence ol prescentation. Anderson (1969) presents
a theoretical dircumsion of how thase procodiures micht be
extended to include the structurc of teacher presentation.
Therse eoxtensionc of the use of dipraphe are not used in the
precent ctudy.

Cogznilive gtructure. Doece (L902) oxplaing that the

meaningfulness of words refers to organizod relations among
the words and among; the words and objects in the natural
world. Ausub~l and Fitzgerald (1%41) r<.cr to the structure
in memory as an ideational ecaffolding. That is, a percon
stores conceptls in memory in an organized manner. ILippman
(1971) discusser the development of this organization in memory
and studied the difference in organization due to age. Lippman
concluded that a shift in type of organization occurs near
the age of seven. Bruner (1960, p. 7) has proposed that
"Grasping the structure of a subject in understanding it in
a way that permits many things to be related to it meaning-
fully. To learn structure in short is to learn how things
arae related."  Anderson (1969, p. 8) indicates
[static] structure is the production of
multiple associations among units of infor-
mation and the presentation of logical thinking
statements which interrelate them. It includes
organized regsponse patterns such as classifica-

tions, concepts, and principles which approximate
rigid (static) associations...
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Fillenbaum and Rapoport (1971, p. 1) coﬁnect this structure
to linguistics:
Relational systems in linguistics are charac-

terized by their elements and the types of

relations hoiding among them. The syntactic

system generates strings of minimal gsyntactic-

ally functioning elements and speciflies the

structural interrelationships among then.
Shavelson (1970, p. 1) defines structure "as an assemblage of
identifiable elements and the relationships between those
elements.” We concur with Shavelson's definition and approach

the study of structure on the basis outlined above.

Empirical gtudies using the word association techniague.

. This section outlines prior studies which have used WA tech-

nidués to assess cognitive structure, particularly those
studies which use the WA test as a learning measure. The word
association technique was used to investigate cognitive struc-
ture in the present study. DNoble (1963) proposed this method
as a measure of meaningfulness. Deese (1965).and Dixon and
Horton (1968) reviewed the research on associations. Shavelson
(1972) presents an argument for this measure's relationship
to learning.

Building on the proposal by Noble (1963), several
studies have used the WA technique to examine learning. 1In
o ocerice oif studien-ﬁy dohnson (1%2%, 1947, 1969), the murber
of word associates was correlated with the mumber of problems
solved in abstudy on the learning of a short unit on physics.
He was not able to show that responses on the association test
were related uniformly to problem-solving success in the same

way either for all the words on a single association test or
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for the same word on two association lLesls, but he showed
certain important relationships. Johnson (1967) concluded
that words were more meaningful for high achicvers than low
achievers and also that meaningfulness is related to the fre-
quency ol occurrence in texbt. Jolmson (1969) claimed that
there was a sisnificant incrcase in the nunmbers of regsponces
to a WA tesl after instruction as compared to before instruc-
tion. Johnson algso discussed the fact that concepts have a
meaning both within and without a subject and thus the kind
of structure in memory may not change so much as the quality
of structuic.

Shavelson (1970) used the WA technique to measure
learning of physics structure. He found significant changes
during instruction in instruction Ss' responses to the WA test
as well as gignificant differences bhetween treatment groups
after instlucfion.

Rothkopf and Thurner (1970) used the same instructional
material as Johnson and Shavelson and found a high correlation
between WA regponses and essay recponses after instruction.
Lambert (1970) claimed that both SES and ability are related
to paired associste learning tacls.

In swmrary, as argued by Shavelszon (1970), responses
Lo the WA terl nok only refloct the cornibive structure in
memory, but also reflect learning.

Comparisons of cognitive structure with content struc-

ture. Shavelson (1970) sppears to bhe the first suthor to

compare an empirical representation of content structure to
an cmpirical represcntalion of cognitive stiucture. Shavelson

reviews studies leading to the components (cognitive structure
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and content structure) and these studies are briefly noted
above. Therelore, thisg seclion will discuss Shavelson's study
only as 1t is the basis for the present study.

Shavelson used physics material as instructional
material-~the samc material which was used by Johnson (1965,
1967, 19€9) and Rothkopf{ and Thurner (1970). Ss (N = 40)
were pald volunteer high school students (grades 10-12) who
had not taken = high school physics course. BSs wére divided
randomly into instruction (N = 28) and -control (N % 12)
groupé. All Ss received aptitude, achievement, and WA tests
as pretests. Instruction Ss read five sections of physics
méterial-—one secpion per day, each day being a two hour
period--and responded to a WA test at the end of each instruc-
tional period. Control Ss took only the VA tests and did so
in a smaller number of days. All Ss reéeived an achievement

posttest.

Table 1

Euclideen Distance Matrix: The Distance Between Content
Structure and Cognitive Structure for Instruction and, .
Control Groups Across the Six Test Days

DAY
GROUP 1 2 g = 5 6
THSTRUCTTOLN 5.49 5.9¢ 5.53 4,90 452 4.2z
CONTROL 6.69 ©.28 6.07 6.17 6.17 6.25

Shavelson's results indicated the instruction Ss did
significantly better on the achievement posttest {(p < .05) than

control G5g and that instruction Sz performed significantly
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higher (p <.0%) at post time than at pretest. That is, instruc-—
tional Ss learned the material to a signiiicant degree in terms
of solving physics problems.

The WA tests were administered in a repeated measﬁres
design and results indicated that control S maintained a
stable cognitive structure LhzouphouL while ins struction 55
showed a variable cognitive structure presumably due to
instruction (see Table 1 from Shavelson, 1970, p. 83).
Shavelson also noted that instruction Bs' cognitive structures
tended to move toward the content structure as they received
instruction. Ingtructional Ss' cognitive structures did not
change significaqﬁly in terms of configuration of concepte,
but changed in a gualitative manner. Shavelson claimed this
was due to the fact that ordinary usage of the physics concepts
had an influence on cognitive structure and, in fact, the
physics instruction might actually reenlorce certain associa-
tions. In line with these conclusions, Shavelson found an
increasé in WA response freguency by instructional Ss which
was not the case for control Ss.

Shavelson was not able to show a uniformly significant
correlation between WA data and either aptitude or achievement
data:

To summarize, verbal ability plays a.decreas—
ing role in association generation acros

iwstruction-day Fut it 1e ex iz “or*exf
rredictor of achievement. Lbstrsct ressoning
ability[...] plays an increasingly important

role during learning [...]and 1s an important
predictor of posttest achievement. This find-
ing supports the interpretation that for Ss
who perform well in solving problems at the
end of instruction (high posttest achievement),
the concepts became more meaningful earlier
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Subscquently, these Ss were able to "chunk"
information in the Torm of cquotions. Having
these equations readily aveilable in memory
enabled them to solve physics problems on the
posttest on achievement more effectively.
[Shavelson, 1970, p. 106]



CHAPI'ER 111

Method

Instructional Material

Ihe text used by the experimental proup was an intro-
duction to probability theory and was developed under the
direction of the School Mathematics Study Group (SNSG).l The
topic of probability was chosen because: (a) it could be
presented by text alone; (b) it was justifiable as important
mathematics [or Sz Lo learnz; (c) it could be placed easily
at most points in the regular curriculum scquence; (d) it
assumed a minimum number of mathematical concepts and skills
and thus was appropriate for & wide range of grade levelsg;
and, (e) it was unfamiliar to the majority of K-12 students

in the Stanford University area.

lThe author wishes to express his appreciation for the
help of Stanley Pogrow and Robert Wise in writing the text.
(The entire text is available from the ERIC Science, Mathematics
and Environmental Educational Clearinghousc, Columbus, Ohio.)
2For example, the School Mathematlics Study Group argued:
Some understanding of probability and
statistices 1g essential for the educated
cizizen in modern society. [...] Probability
tueory is a requisite for the techniques
of statistical analysis and statistical
inference that play so large a role in
industry, government, economics, social
science, and all branches of physical and
hiological science [School HMathematics
Study Group, 1971].

I series of unpublished formative evaluation studies
by the author and a study by McLeod (1971), have shown that
grade five students are capable of learning the material, whiile
at the same time high school students do not find the material
to be at too low a level to keep their interest.

22
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A proprammed instruction format--small steps, con-
structed renponnes, and continual feedback on the correct
responses—--was used. The format was selected lor several
reasons. Lt minimized the number of substanlive questions
asked by students and thus minimized the chance that proctors
would "teach' a structure different from the text structure by
answering students' gquestions. And it permitted an examina-
tion of the applicability of the structure methodology to
students of verious ages and ability levels.

The probability text is divided into three scctions
of approiimately seventy pages each. It assumes the students
have an intuiltive idea of prediction, chance, and experiment.
Section 1 of the text covers the concepts of "probability,"
"equally likely," "outcome," "event," "experiment," and "zero."
After completing Seclion 1, the studﬁnt should be sble to list
the ou’comes of a simple experiment such as tossing a single
die. Secondly hé should be able to determine which outcomes
form an event, e.g. number greater than %, and find the
probability of this evént. Section 2 adds the concept of
"trial" and expands the concepts in Section 1-to:more Qompli-
cated experiments. Upon completion of Section 2, the student
should be'abie to distinguish between a ftrial and an outcome;
list the outcomes in an experiment such as spinning two'spin—
ners; determine which outcomes form an event, e.g. same color
on hoth spinneré;-and fiﬁd the probability of this event.
Section % covers.thé concepts of "independenut," "intersection,"
and "mutually exclusive énd expands previous concepts to

experiments such as flipping a coin three times. Upon
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éompletion of Scction %, the student should he able to: (a)
determine whether two events are mutvally exclusive or inde-
pendent; (b) find the probability of an event concerning an
experiment such as spinning a spinner twice; and, (c¢) find
probabilities of events involving drawing marbles with or
without replacement. With the exception of a few frames
toward the end of the text which require the multiplication
of simple fractibns, S should be able to rely entirely-on his
ability to count in obtaining correct responses to frames
requiring numerical alsSwers.

A typical frame of the probability text is shown in
Figure 1. In genpral a frame consisted of a short piece of
prose followed by two questions. The student wrote his answer
to eaéh question in the blank provided. At the top of the page
immediately following the frame the correct answers to the
questions were provided. A horizontal line was drawn across
the page to separate the answers at the top from the new frame
below.

Figure 1. A typical Frame from
the Probability Text

'For the experiment
of spinning this spilnner,
vz zay that Black and
White are not eaually
“likely outcomes.

1) Are the outcomes of the ewperiment of tossing a
coin equally likely? ‘ '

2) Are the outcomes of the experiment of throwing a
die equally likely?




Renrescntation olf Conbent Structure

Content structure was defined as the web of facts

(words, concepts) and their interrelations in a body of in-

structional material. In order to apply this definition of
content structure to the probability texl, ten key concepts
were selected for analysis: ‘'probability," "equally likely,"

1

"outcome," "event," "experiment," "zero," "intersection,”
-"trial," "independent,"” and "mutuzlly exclusive." The key
concepts were gelected & priori as béing the most important,
in a mathematical sense, in the text. That is, the text was
designed specifically to teach thege concepts and vhese conc€pts
were thought to bé crucial in the students' mastery ol the
instructional material.
The key concepts appeared to vary in two conceptual

dimensionﬁ, as judged.by the author. Some stimulus concepts
are more "concrete" than others, i.e., they vary in the ecase
with which they can be represented physically. For example,
"zero" may be considered more concrete than "independent."
Secondly, the concepts varied in their familiarity to students,
i.e., students are likely to have encountered the concept of
"zero" more often than the concept of "mutually exclusive."

Three alternative methods for representing content
structure were used: digraph; graph, and taék analysis. The
latter alternative is focuszed on relationéhips between compe-
tencies rather than concepts, while the digraph and graph use

concepts as elements.

Digraph representation. One method for. representing ©

Q structure in the instructional material, termed "content
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" ig the theory of dirccled graphs (Harary, ct. al.,

structurae,
1965). (See Shavelson, 1970, Appendix A, or Shavelson, 1971,
for a summary of the theory of directed graphs.) The steps
followed in o digraph analysis are described Mully by Sha&elson
(1970, pp. 35-40; see also'Shavelson, 1972) and thus only a
brief discussion need be presenfed here. The probability con-
cepts were reprcsented by points on the digraph and relationships
between cohcepts were represented by directed lines connecting
points. Ag noted in Chapter II, the theory of directed graphs
1s an abstract mathematical theory ol structure in which struc-
ture is defined 2s points and directed lines. If the corres-
pondence between ﬂigraph'theory-and the empirical world is
accurate, then all true statements about the digraph are also
true of the empirical world. The resultant digraph is
considered to be one representation of the content structure.
Following Shavelsonfs (197C) procedures, all sentences
in the text which contained.at least two of the key concepts
wvere gselected for the analysis. The reason for gelecting this
set of sentences is that we were interested in the way pairs
of concepts are interrelated in the text, and the sentence
is our unit ol analysis. For example, the sentence "A& proba-
bility of O means thot the event has no chences 6f happening"

waz selected hecause the concepts "vrobability," "O0" (zero),

and "event" were contained in the sentence. Each sentence

containing two or more key concepts was diagrammed using a
parsing gramar (Warriner and Griffith, 1957). I'or our
exzample we ohtained the following disgram:

O
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cvent I has I _chances
ct 3 @]
5 o |
o) .
havpening
ct
o
m
d.
probability | means
4]
O
Hh
O

The disgram waz converted to 2 01~I aph using Shavelson's rules.

oL A
For example, oune rule is:

a prepozition is a word used to show the
relation of & noun or pronoun to some othexr
word in the =entence. A preposition speci-
fies = relation between two points on a
digreph and is represented by &z line. IT
the preposition gives direction ("to"), the
relation is asymetricy; if the prﬂnoujtﬁon
doecs not specify direction ("oi"), the
relation is symmetric.

A group of words mey act as a prepos ition:
on account of, in spite of, divided by.
[ Shavelson, 1970, p. 140].

The digraph resulting from our example is:

. . /ﬂ\
probability T ' ‘\\gzjif
_ Zero | . ﬁ\\ chancesn

From the individual digraphs, a super-digrarh was constructe

Cn

incorporating the information from the singls digraphs.

Finally, a "distance™ matrix was created in which each entry
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reprecsonted the minimum number of lines connecting any poair

‘ . n
of key concepto. lor our example we obtalnodt:

1) e C 7

» 0 1 2 1

n 0 0] 1 o

C © o 0 o

Z 1 e % 0

where: p = probability,

e = event,
¢ = chances, and
7 = ZeTro

Grarh rervresentation. The content structure or

structure in the instructional material also was mapped with
graph theory (llarary and Norman, 19%%. Graph theory may be
distinguished from digraph theory in that the former ignorecs

the direction of lines while the latter places an emphasis on
directed lincz. The resultant graph was considercd a second
representation of content structure. The same key concepts
vere uszed in thig snalysis @a were uscd in the digraph analysis.
A gymmetric distance matrix is obtained from the graph analysis.
The elemente in the graph distance matrix are equal to the
smallaegt elemert in each pair of correspénding cells in the
digraph distance matrix. Only a slight modification of digraph
procedures is necessary to construct the graph. Thus, in the

cxample presenved in the digraph section above, the same

4In the actual analysis, the distance matrix is com-
puted only for the guper-digraph. However, this example
demonstrates the connection bhetween the digraph and the
distance matrix.
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senbonces are peleebod Por anolyeds, nod Lhe pame dJdioapram
veosulte.  However, thoe graph and distonce matrix are changoed

a5 shown below.

Lo Graph: probability event

paaN el chancen

2. Dirntance Matrix:

L © c A
T 0 1 2 1
r i 0 1 z
C 2 1 0 3
v 1 2 % 0

Note that fthe graph distance matrix will always be symmetric
while this is not necessarily true of the dipgraph distance
matrix. Obviously, if a symmetric digraph results from the
digraph analysis, the structure representations by graph and
digraph will be equivalent.

Task annlysis reprecentation. Finally, task analysie

was used to map the structure of the instructional material
(Gagne, 1965, 1970). Task analysis produces an alternate (to
the digraph/graph analyses) structural representation. Points
reprencnt compelencies and lines represent relationships be-
tween competencies. This is a psychological definition of
structure and therefore different from what subject-matter
cxperts mean when they use the term structwe. lHowever, we
use task analysis in the present study to link the digraph/

graph represcntations to a more traditional approach.
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A task analysis works backwards f'rom the I'inal outcome(s)
ol ingtruction, in a logical manner desceribing all the nheces-
sary prercquinites that the gtudent needs in order lo exhibit
a sataisfactory performance on the final oulcome(s), to the
initial- competencicens the students are ascumed to possecss. This
procecdure resnlle in g hicrarchical flow chart which maps the
instructional sequence (Lo some extent) and the psychological/
logical structure of the text.

For example, after completing Section 1 of the proba-
bility text, the student should be able to compute the
probability of the cvent "mumber greater than 3" for the
experiment of' tonning a fair die. In order to do this he
must be able to apply and comprehend the algorithm for computing
probabilitie=. To do this he must be able to determine the
number of outcomes in the event "number grester than 3,"
determine which outcomes are in the event, determine the number
of possible outcomes, etc.. This portion of the task analysis
is shown in Figure 2.

Figure 2

Sample Task Analysis

<:;7 colve problem by
irplying Algorithm

Comprehend
Algorithm
T
Compute P(event)
using algorithm
Write number Write number of
of outcomes possible outcomes
in cvent
ll\ T
List which out- List all possible
come; form ecvent : outcomes
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Subjcdﬁs

Students from an elementary school (Grade 6), a Jjunior
high school (Grade 8), and a senior high school (CGrades 9-12)
served as subjects (Ss) in the study. o S had received prior
formal instruction in probability.

Since the experiment was conducted._at.the end of the
school year and over approximately a four week period, several
Ss were deleted altogether or from certain analyses due to
absenteelsm, withdrawal from school, or conflicts with other
school activities. In this éection the number of subjects
associated with each school level reflects the number of Ss

who attended at least one test session.

Grade siz subjects. Grade six Ss (M = 59) were taken

from two intact classes in one elementary school in Santa
Clara County, California. Ss were assigned at random to
experimental (N =-%3) and control (N = 26) groups. Ss varied
widely in ability, Lorge-Thorndike 1Q's ranged from 68 to 143,
The school principal reported that Ss varied in socio-economic
status (SES), ethnic background and motivation; and that
several Ss were performing well below expectations. A few Ss
had severe reading deficiencies. 1In general, most Ss in the
sample may be described as low-middle to middle SES, near

average 1n ability, and Caucasian.

Grade eight subjects. Grade eight Ss (N = 87) were

taken from three intact classes in one Jjunior high school in
the same district as the elementary school Ss. Ss were

divided randomly into control (N = 44) and experimental (N - 43)
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groups. The principal indicated that these Ss were average
and olightly above average in mathematical ability. DNo severe
reading difficulties were noticed by the experimenter. Only

a few Ss showed low motivation; this impression was confirmed
by the mathematics teacher. The only abtilily data made avail-
able to the cuperimenter were scores on the Minimum Escgentiale
of Modern Mathematics test and these scores ranged from 11%

to 99.5% correct.

lligh cchiool subdects. The third group of Sz (N = 34)

were volunteers recruited from study halls and mathematics
classes in one hiph school in Ban Matco County, California.
Ss were ninth (W = 13), tenth (N.= 3), eleventh (N = 10), and
twellth (N = 8) praders. Ss were divided randomly into
evperimental (M = 20) and control (N = 14) groups. The
principal described the Ss as middle and upper-middle SES,
Caucasian with varied mathematical ability and background.
Ability data were not available for these BSs=.

£11 Se had completed a ninth grade mathematics course,
many had completed come algebra and geometry, and one S had
completed a trighometry course. Many Sz were not ftaking a
mathematics course at the time o@ the experiment. The remain-

ing 25 were enrolled in a variety of mathematics courses.

[y iy b 3
Treatments
e el L e

The experimental treatment consisted of instruction
from the prowrammed text on probability theory. Subjects in
b o [y < v

the control group read a programmed text on a mathematical

topic unrelated to probability. At each grade level, the
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control group's texk was similer in format and outward appear-
ance to the probability text. The texts usced for control Ss
had no mathematics i1 common with the probability tezb.

Ss in the sizth and eighth grade control groups read

.

a programmed text on factors and prime numbers.” It was

divided into five scctions and covered the basic concepts of
composite and prime numbers. The text developed a division
algorithm for testing whether a number was prime. Multiples

)

of a number and least common multiples of pairs of numbers
were_covered. Each section was followed by a criterion test.
sSubj.cts in the high school control group read a pro-
grammed text on negative number bases.G' It reviewed positive
nunber bases and computation in positive bases other than
base ten. The text was divided into three sections: (a)
polynomial representations‘of numbers, (b) negative number
bases including azddition and subtraction ol numbers in negative
bases, and (c) representation of negative numbers in negative

nmumber naces.

Instrumentation

Attitude auestionnaire. The attitude questionnaire

was the "Pro-Math Composite" scale (PY0ll; see Wilson, Cahen,

and Begle, 1968) developed by the National Longitudinal Study

[ .

“Phe factors and prime numbers text was developed for
SMSG by J. W. Green. (Available from the ERIC Science, Mathe-
matici, and Environmental Education Clearinghouse, Columbus,
Onhio.

b’l‘he negative number bases text was Ceveloped for SMSG
by Norman Webb. (Available from the ERIC Science, Mathematics,
and Environmental Clearinghouse, Columbus, Chio.)

-
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of Mathematical Abilitics (NLE&MA). The scale was degipned to
measure general attitude toward mathematics. An example item
is

I can pet along perfectly well in everyday
life without mathematics:

(4) strongly agree, (B) agree, (C) don't know,
(D) disagree, and (E) strongly disagree.

Internal consistency coefficients alpha for bthis scale were
.69, .72, and .76 for the sixth grade, eighth grade, and high

school subjects used in this study.

Achievemnnt lLegts. The main achievement Lest was
designed %o test comprehension and application of the concepts
in the instructioiial material. The achievement test was.con-
structed from a large pool of items. Item data from prior
instrument development studies were analyzed %o arrive at the
final version of the achievement test. It consisted of twenty-
eight free response and seven multiple choice items (Appendix'
A). The first thirty items tested comprehension of the material
presented in the probability text. TFor example, 6ne item
testing comprehension of the concepts of "probability,"
"event," and "outcome" is:

[f you toss three coins, P (at least one
tail) = . '

The last five items required the student to use his compre-
hension of probability in a different format. For example,

an item testing comprehension of the concepts of

'

"mutually exclusive," and "outcome" is:

ERIC
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Each of the 16 dots represents
a posnible outcome of an experi-
ment.  Asgume the outcomes are
equally 1l kely.

A pair of events that is mutually exclusive is

(A) A,B (B) B,c (C) A,C (D) A,4
(E) None of these.

Internal consistency coefficients alpha calculated from experi-
mental subjects data in the present study are reported in

Table 2.

Table 2

Internal Conristency Coefficients Alpha
by Teat Occasiont

Posttest Hetention 1est
Sixth Grade 202 L5887
subject T e s
Eignth Grad . 8% Bz
Group ignth Grade 822 827
High School .780 : . 794

Ycalculsted from experimental Sz data

In addition to the thirty-five item achievement test,
two ten 1tem Lests were given to the experimental subjects at
the end of Secticns 1 and 2 of the probability text, respec-

tively (Appendix 4). These tests only were used to give

evmerlmental Sz 2 nrogress check and to helwn insurse that Ss

1

did not proceed so quickly through the programmed material

that little or no learning took place.



Yord wancociation teal. The purpose of the word asso-

ciation (WA) test was to assess Ss' learning ol mathematical

structure. S5 receilved the following instructions for the WA

INSTRUCTIONS

This is a test to see how many words you can think of
and write down in one minute.

You will be given a key word about probability and you
are to write down all the words which the key word makes
you think of.

Write down as many words as you can. You will probably
not npe able to fill in 211 of the spaces on a page, but
do the best you can. Be sure to think of the key word
after each word you write down, because the test is to
see how many other words the key word makes you think of.

Tor example, =uppose I asked a mathematician to write
dovn ag many wcrds about mathematics as he could think
of when given the word "set". He might put down the
following .

SET )

Set &L T Set LLnLen,
Set htuhxﬁ%)c Set

You will notice that as a mathcmatician be did nol use
"put" or "ready" since they are not words about mathe-
matics.

In this sams way, you should try to think of words about

yrobability and mathematics that go with the key word.
7 o

You will have one minute on =ach page. 1 will tell you
wnen to go to the next page.

Do you have any questions about what you are supposed
to do?

The WA test consisted of one page bf instructions and one page
for each set of responses to each of the ten key concepts,
respectively. On each response page, a key concept was printed

1 al the top-center with the remainder of the page consisting
Q.
ERIC
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of two columns ol the key concept repeated with s blank to
the right of the word. Four random sequences of the stimulus
words (Appendik A) were used to prevent a possible sequence

Q

effect. A particular sequence was asgigned randomly to S at

gach test administration.

Paragraph construction test. An alternate measure of
the learning of structure was the paragraph construction (PC)
test. Fach PC test consisted of one page ol instructions

(reprinted below) and five pages lor students' responses.

INSTRUCTIONS

This 1% a test Lo see how well you can explain how two
words Irom probability are related. You will be given
two words from probability. You are to write a para-
graph which explainsg how the two words go ftogether in
probability. Vrite the parsgraph as if you were explain-
ing to a friend how the two words &ars related. :

You may write as much as you ne:-d to explain how the two
words are related 1n probability.

You will be given five pairs of words and you -should
explain how each pair is related. Each word-pair -
will be printed at the top of a page. You will have
three minutes for each pair of words. -1 will tell you
when to go to the.next page.

For example, a student wrote about how WATER and STEAM
are related. He explained the rclation between WATER
and STEAM as follows:

WATER ——emmeem STEAM
Vater is a liquid made up of hydrogen and oxygen. When
water is heated to its boiling point, it turns to & gas
called steam. If steam is coocled, it turns back into
water. DBoth water and steam are made of the same ele-
mentsy hydrogen and oxygen.
Are there any questions?

You may turn the page and begin.
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Bach responne page had a concept pair printéd.in,the upper
left-hand corner. The rest of the page was.left blank for S
to write a paragraph explaining the mathematical relationghip
between the two concepts listed at the top.

The number of Ss used in the study was not sufficiently
Jarge to sllow CLhe use of all possible (4§)pairs of WA
stimulus words since an excessive smount of testing time would
be required. Since random sampling of pairs of words would
not guarantee a representation of the variety of distances
(determined by the digraph analysis) between conceptsz, pairs
of concepts were chosen with the constraint that the set of
pairs reflected the variation in distances bLetween concepts.
(This is a matrix sampling problem. ©See Lord and Novick,
1968, pp. 2%6-238.) Using the further constraints that S
would be presented only five pairs of concepts and that the
PC tegt would contain all ten stimulus words from the WA test,

two versions of the PC test (see Table 3) were derived.

Table %

The Two Versions of the Paragraph
Construction Test

PC Test 1 : PC Test 2
experiment—--zero zero——equally likely
equally likely--mutually trial——independent

exclusive
outcome--independent outcome—--mutually exclusive
probability—--event probability——experiment

trial-~intersection event-—~intersection



Tour rondom orders (see Appendix A) of the concept
pairs were used on each PC test. A particular order of con--
cept pairs was assigned randomly to S as well as assigning

either PC Teolt A or PC Test B at rendom to Sq.

Procedures.

The study was conducted during regular school hours
near the end of the-1971-1972 school year. Its duration
varied from 21 to 29 calendar days. Orienbtation/pretesting/
instruction/.../instruction/posttesting were carried out
during consecutilve class meetings. BSeveral class days elapsed
between the postitest and rctention test seééions. Experi-
mental S5 were never separated from control Ss during the
experiment.

At least one proctor was available at each session to
manage materials and procedures. Proctors did -not instruct
55, but answered procedural questions, read test instructions,
etc. The regular teacher was present to malntain discipline.

The first class meeting in each subject group was
devoted to orientation and pretesting. Prior to pretesting,
Ss were told the experimentor was interested in finding out
how students learn mathematics.

_The attitude questionnaire, the WA test, and the
achievement test on probability were administered, inm the
order listed, to all Ss prior to instruction. The attitude
questionnaire was given first so that tests and treatments
used in the experiment would not affect Ss' responses. The
.WA test was administered prior to the achievement test to
o v
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insure that the achieyémént test did not acquaint Ss with
possible responses to the WA test. It was {elt that neither
the attitude questiénnaire nor the WA test would influence Ss'
responses to ‘the achievement test. A brief discussion of the
purposes of the study (in lay terms) and how -to use‘programmed
instruction effectively followed the pretesting.

Fach S then read the text assigned to him. At the end
of each text section, S received a short review test over the
section he had Jjust completed. (The'probability text did not
have a test for Section %, the final section.) Since instruc-
tion was self-paced not all Ss needed the entire instructional
period to complete their reading of the text; conversely, not
all Ss read the entire text. However, all Ss completed the
second text section and most of the third section. 8Ss &ho
finished early were sllowed to read, draw, or study material
of their choosing so long as the material was non-mathematical.

‘After instruction, all Ss were‘given the WA test, PC
test, and achievemen®t test, in the order listed. The WA test
was‘giQGn first so that -the other instruments did not affect
Ss' responses. It was reasoned that responzes to the achieve-
ment test would be least affected by having Ss respond to the
other instruments and thus it was given last. |

Sevefal days later the WA test%aﬁd achievement test
were readministered to Ss, in the sequence listed. The
purpbse of this test administration was té measure the subjects
retention of the material.

" Bixth énd eighth grade Sg participated in their

regular mathematics classes. High school Ss participated

ERIC -
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during their regular study hall or mathematics period. In

the lalter cane, 8s were removed I'rom their repular clussroom.

Class periods were [illy,

7

three

high schoo

minutes duration

1 B85 respectively.

seventy-Iive, and [itlly-

for sixth grade, eighth grade, and

The duration of testing and

instruction were eleven, seven, and eight class meetings for

grade six, eight, and high school subjects, respectively.

The eighth grade classes met every other school day, all

other classes met every school day.

In some instances other

school activities would cause a class not to meet on a par-

ticular school day.

With the exception of one eighth grade

class, all testing and instruction took place before noon.

Table 4 indicates the class meetings in which each

subject group participated in the experiment, the days on

Table 4

Calendar Days on which Procedures were carried out

school Pretest Instruction Posttest Retention
Level Orientation
Sixth 1 2,%,4,5,8,9 11,12 29
Grade 10,11
Eighth 1 3,7,9 11+ 23
Grade
High 1 Sabyby Ty 10 10,11 21,22*"
School
*Due to a conflicting school activity, cne class of
Ss was posttested on day 15.
* ¥
Due to school scheduling, half the Ss were retention-
tested on day 21 while the remainder were tested on day 22.

7Due to other school activities, four periods were

O

ERIC

forty-two minutes in length.
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which class mectings were held, and whether the mecting con-
sisted of bLesting or instruction. The day-nwumbers rvepresent

calendar days.

Deedpun

rolleowing orientation and pretesting, Ss in three
diTferent school levels were divided at rondem into rxjeri-
mental and conlrol groups. The cxperimental group received
instruction in probability while the control group received
instruction on an unrelated mathematical topic. After instruc-
tion, all Bs recelved a postlesl ind a retenlion test. Thus,
in peneral, a treatment by grade by test occasion design was
cmployed with repeated measurces on the last factor. The tests

uscd in the study and the test occasion arc given in Table 5.

Table &

Tests Administered and Tegst Occasions

Pretegt Pornttest Retention Test

Attitude Word Association Word Association
Vord Association FParagraph Construction Achievement
Achievement Achievement

To gummarize the design, achievement and word anso-
ciation testing was a repeated measure pre-post-retention
design. 'Yhe paragraph construction test was a post-only
design. The attitude questionnaire was administered only at

pretest.
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Results

"hir chapter containg the analynses ol the data rom
the study. While the analyses are explained below and the
vesulte ol' each analysis are given, the interpretation of

the results ic found in Chapter V.

Content Struciturce

Dipgaph analysis. Conbtent structure was mapped with

the method of digraph analysis. The resulting digraph distance
matrix is precented in Table 6. The greater the value of an
element in the distance matrix, the greater the dissimilarity

between the two concente,

Table €&

Digraph Distance Matrix for Probability
Text Structure

. 4 S

I T S JRE L - RS S

PR s 8 G 5 88 & &
Probability D) 2 1 1 3 1 2 1 2 2
Independent 2 0 1 % % 2 2 2 2 2
Event 1 1 0 2 2 1 1 2 1 1
Zero 1 3 2 0 i 2 3 2 3 3
Equally Likely 2 3 2 5 Q e e e B 1
Intersection 1 2 1 2 2 0 2 2 2 1
Trizal 3 3 2 4 2 2 0 1 2 1
Experiment 2 2 2 % 2 2. 1 O 5 1
Mutually Exclusive | 2 2 1 2 3 2 2 3 0 2
Outcome z 2 1 3 1 1 1 1 2 0

=
W
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The values in the digraph distance matrix represent
dissimilarities between concepts. The values in the related-
ness coefficient matrix, a representation ol cognitive structure,
represent similarities between pairs ol concepts. 1In order
to compare these two types of matrices, the digraph distance
matrix was converted into a similarity matrix (see Table 7).
Shavelson (1970) performed this modification by interchanging
the largest element and the smallest element, the next largest
clement and the next smallest element, 2tc. and then dividing
cach element in the distance matrix by the largest element in

the matrix. dowever, this method results in a division per-

=

+

formed solely onrr the basis of a particular matrix. mor

- (D

erent nlu

193]

general technique, namely dividing ore by the e one,

g 1
is preferred. (Thus the element 2 would we replaced by 1/(2+1)
or .3%3%, the element 1 would be replaced by .5, etc.) This
method has the advantage of making comparisons hetween studies
possible. Also, should an element be infinite, Shavelson's
procedure would result in an entire matrixz of zeros. The more
general method results in zeros only for the infinite elements.
Note that the digraph similarity matriz: will conbain only

numbers between zero and one, inclusive, and thus '"resemble’

the relatedncss coeificient matrix.
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Digraph Zimilavity Matrix for Probability
Text Structure

4o
] » [ (@] ] ] . .
e o] ¥ £y - } . on {1] 1o
B 4 v ® . ) & It . 3
i, I b (BN fu] 1l [~ I] " O
Probability 1 ) b Y, Y 55 053
Independent; 5% 1 5 B R R Y T Y B L B T N £
Event <5 .5 1 .33 .33 .5 .5 5% .5 «5
Zero o5 25 .53 1 200 W55 W25 A% .25 .25
Equally
Likely JA5 .25 3% .25 1 T T 3 S ¥ T L B
Intersection o b R R A5 LB 1 Y R L A T R
Trial b W2 U35 200 JB% .53 ] .5 .35 .5
Experiment S N T R T B R A 2 A 1 25 W5
Mutually
Exclusgive .35 3% 5 53 .25 .55 .55 .25 1 .55
Outcome S5 A% L5 2H WY .5 .5 <5 « 55 1

From ¢ matrix of similaritiegs between concepts, it is
helpful to obtain a measure of the organization of the concepts,
i.e. how they it into a given space. Shuell (1969) discusses
clustering in free recall. IHe develops various indices to
measure clustoering and discusses theoretical issues concerning
clustering. 1t appears hig approach might be useful for deter-
mining pre-cxisting structure in memory, but it depcends on
having 8 learn word lists to obtain a baseline and thus is
not applicable ﬁo the present study. Thomas Johnson (1969)
gives definitions and reviews literature concerning cognitive
structure and the use of proximity measures. Of special
interest i1s his discussion concerning a unique metric solution
arrived at from data which is egsgsentially non-metric.

Q
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Kruskal (L964) discucses multidimensional scaling and
gives o obronper mathematical Loundation lor Shepsrd's tech-
nique. Since multidimensional scaling ascumes a dimensionality
to the structure and this 1s consisgtent with our understanding
ol' mathematicu it was selected lLor the present sludy. This
technique requirces no metric assumptions and yields a best-
fitting geometric representation in a space of the cmallest
number of dimensions. Kruskal (p. %) gives the following

guidelines in determing how well the data I'it “n a gilven space:

Shress Goodnens of it
. 200 poor
. 100 fair
.050 rood
.02% exeellent
. 000 perfect

The interrelations among concepts in the digraph
similarity matrix» were examined with Kruskal's (1964) multi-
dimensional ccaling procedure. For the purposes of this study,
it was decided to accept the smallest number of dimensions
that would allow a "good" fit to the data. Tigure 3 presents
the graphical representation of the results. Appendix B con-
tains the numerical results of the analysis.

i
Graph snalysis. Graph analysie zlso was used %o

examine content structure rresented by the probablilify text.

Ag noted in Chapter 111, the essential difference vetweer grath
analysis and digraph analysis is that graph analysis does not
use directed lines. That is, the graph analysis results in a

symmetric distance matrix (see Table 8).
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Figure 3%

Plot of Multidimensional Scaling Solution
Content Digraph Analysis
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Table &

Graph listance Matrix for Probability
Text Structure

B

P < - B

ﬁf ﬁ [ﬁ &i h? I; fﬁ (ﬁ pi 5
Probability o 2 1 1 z 1 e ] 2 2
Independent 2 0 % 5 2 c 2 2 2
Event 1 1 0 2 2 1 1 2 1 1
Zero 1 3 ) o 3 z 3 2 2 3
EBqually Likely 2 3 2 % O 2 2 2 3 1
Intercsection 1 2 1 e 2 8] 2 2 o 1
Trial 2 2 1 5 2 2 0 1 2 1
Experiment 1 2 - A 2 o 0 4 1
Mutually Exclusive |2 2 1 2 3 2 2 3 0 2
Outcome 2 2 1 ) 1 1 1 1 2 0

Again it iz helpful to convert the graph distance matrix into

a similarity matrix using the same procedure as was used for

the digraph distance matrix (See Table 9). Kruskal's (1964)
multidimensional scaling was performed onfthe graph similarity
matrix and the plot df the results are chown in Figure 4.
Appendix B contsins the numerical results of the multidimensional

scaling proceaure.

Task analysis. Using procedures suggested by Gagne

(1962, 1965, 1970), a task analysis was perflormed on the
probability text to examine the heirarchy of completeness
represented in the subject matter. The resultant heirarchy
is presented in Figure 5. The investigator was not able to

determine a satisfactory method for obtaining a "distance"
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Table 9

Graph Similarity Matrix for Probability
Text Structure

4o
. . [ () . . . .
L2 o’ ) & - - . £24 3] 4o
& ¢l > W . o - . -
Hy b1 3] N £ t= £+ X3} o) O
Probability 1 <35 .5 .5 TN .35 .5 <55 .
Independent .55 1 ) 25 W25 U3 U330 U3% 0 (%%,
Event 5 D 1 % T % B .5 .33 .5 .
Zero .5 .25 .33 1 2H W33 .25 .33 .3% 0,
Equally
Likely .33 .25 3% .25 1 .55 W335 .33 .25 .
Intersection ) .55 .5 A5 5B 1 .55 W335 .35 .,
Trial .33 .33 .5 .25 .33 .33 1 N B L
Exzperiment | .5 <55 3% .35 .55 h% L5 1 25 .5
Mutvally ;
Exclusive <3% .35 .5 <35 2% .3% 0 .3% .25 1 Y

Outcome 37 .33 .5 .25 .5 .5 5 5 %3




Figure 4

Plot of Multidimensional Scaling Solution
Content Graph Analyoin
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5.

matrix Ifrom the recultant heirarchy. One could count '"boxes"
between concepls, bubt the boxes do not reprcsent concepts
alone but rather they represent manipulations or perlormances
with concepts. Thus, for example, the concept “"outcome”" and
"event" appear in =meveral bhoxes and one could arrive at
several distances between these concepts depernding on the boxes
selected. Additionally, the boxes are deri&ed in a somewhat
subjective manner. A logical analysis by one author may not
be the same as a logical analysis for a second author; thus
causing the two authors to arrive ét different distance
matfices. The task analysis should be useful in interpreting
the dther conr:bent- analyses and the analyses of the W4 data,
but does not appear to be a satisfactory revresentation of

structure as we have defined 1it.

Achievement, Ability, and Attitude Data

Sixth grade subjects. Lorge-Thorndike (L/T) verbal,

non-verbal, and total scores as well'éé the California;Test
of Basic Skills (CTBS) reading aﬁd arithmetic scores were
available for thé sixth grade Ss. Descriptive statistics for
these data are given in Table 10. Table 10 also contains de-
seriptive statistics for the "Attitude Toward Mathematics"
and pretest, posttest, and retentién test achie?ement data.
Achievement data were analyzed by a 2x 3 (treaﬁment
by test occasion) analysis of variance with repeated measures
on the second factor. Results indicated the treatment effect
was significant (F = 22.62, df = 1/40, p< .0Ll) with experi-

mental Ssvscoring higher than control Ss (see Table 10). The
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test occasion effect was significant (FF = 18.95, 4 = 2/39,
p <.0Ll); and the interaction effect (Lreatment x test occasion)
was signilicant (I' = 14.16, df = 2/39, p <.01l).

Since therc was a loss of several pgrade six subjects
at retention test, a second snalysis was perlormed. This was
a2 x 2 (Lreatment by test occasion) analysis of variance with
repeated measures on the second factor (test occasions were
pretest and posttest). The results obtained were: a) a
significant lrecatment cffect (I = 25.69, df = 1/5L, p< .01l);
L) a significant test occasion effect (F = 40.17, af = 1/51,
P<.0l); and c) a gipnificant interaction betwecen treatment

and test occasion. effects (F

I

34.31, af = 1/51, p <.0l).

Elghth prade gubjects. Scores on the MHinimum Essen~

tials of Modern Mathematics (MEMM) test were available for
eighth grade 8s. ‘Table 11 describes these data as well as
the attitude and achievement data.

Achievement data wefe analyzed by a 2 x 3 (treatment
by test occasion) analysis ol variance with repeated measures
on the second factor. Results obtained were: a) a significant
treatment effect (¥ = 114.92, df = 1/76, p< .01), experimental
Ss sccred higher than control Ss (see Table 11); b) a signi-
ficant test occasion eflect (F = 86.8%5, df = 2/75, p< .0l);
and c¢) a significont interaction between effects (F = €3%.55,
dl = 2/75, p< .01).

High school subjects. No ability data were available

for high school Ss. Descriptive statistics concerning the
data obtained from the attitude and achievement tests are

presented in Table 12.




Table 11

Descriptive Statistics for Bighth Grade
Subjects Ability, Attitude, and
Achievement Data

ACHT BVEMENT
+
MITM  ATTITUDE FPRETEST POSTTEST RETENTION

7O MATH
Sample Size a7 4.3 1.3 ] 43
Mean 55.259  30.302 %.651 1%.53%7 16.209
Standard
EXpe Davistion  20.350  5.998 242 £ .36 6.315
Max 2P 45 & Iy 31
Range e e o e o i e e e e e
Min 11 15 O 3 1
Samplec Size 24 42 u2 40 3
Mean 60.%95 28.83%% 45.000 2.725 4.,.16%
Comn. Standard ]
Deviation 25,569 5.587 1.900 2..460 3,062
Max 9C.5 40 9. 8 11
Range —— e ——————————
Min 11 1% 0 ) 0

»

Minimum Essentials of Modern [Mathematics

i




Exp.

Con.

Table 12

Deseriptive Statislics for High School
Subjectn Attitude and Achievement Duta

ATT1ITUDE ACHIEBEVEMENT
10 MATH PRETEST POSTTERT RETENTION
Sample Sigzc 20 19 15 11
Mean 32.3500 4.526 21.000 24..6%0
Standard
Deviation 6.157 %4502 5.014 5.259
lax ua 14 28 33
Range = @ e e
Min 21 C 12 18
Sample Size 14 14 11 6
Mean ' 31.714 5« 500 6.455 7.8%3
Standard
Deviation 7.559 4,832 %.93%4 5.63%6
Maz 41 19 14 17
Range e o e e e e
Iiin 17 0 1 2

A 2 x 3 (treatment by test occasion) analysis of
variance with rcpeated measures on the second factor was used
to analyze the achievement data. A significant treatment
effect (F = 22.05, df = 1/14, p<.01l), a signilicant test
occazion cffecct (F = 2%.19, 4f = 2/13, p<.01), and a signi--

ficart interactio:n Letween effects (F = 24.58, 47 = 2/13,

P < .01) were found.



Since Lhere was a logs of several subjecls at reten-
tion test time, a 2 x 2 (treatment by Lest occasion) analysis
of variance with repealed measures on the second factor also
was used to analyze the achievement data (pretest and posttest
data only). Repults were a significant treatment effect (F =
25.65, df = 1/24, p <.Cl), a significant test occasion effect
(F = 90.05, &1 = 1/24, p <.0l), and a significant in%eraction
term (I = 72.%2, df = 1/24, p <.0l). :

Comparisons among school levels. To investigate the

effect of -schuol level, a 2 x 3 x 2 (treatment by school level
by test occasion) analysis of variance with repeated measures
on the third factor was performed. The retention test data
were not included in this analysis due {o loss of Ss in the
sixth grade and high school levels at retention test. OfF
interest here was a significant school level effect (F = 28.08,

ar 117,34,

2/152, p <.0l), a significant treatment effect (F

ar

1/152, p <.01), a significant test occasion effect (F =
86.81, 4f = 1/152, p<.0l), and a non-significant interaction
between treatment and school level effects (F = 2.06, 4af =

2/152).

Cognitive Structure

Cognitive structure was investigated with word asso-
ciation ‘WA) and paragraph construction (PC) techniques.
Resulfs were analyzed in a 2 X'B ¥ % (treatment group by
school level by test occasion) design. Each set of WA data

- yields a symmetric relatedness coefficient (RC) matrix repre-

senting the rclationship between pairs of key concepts in
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moemory. Bince Lhewe mabtrices are  similarity mafrices they may
be compared to the similarity matrices oblainced in the analyses
ol' content structurce. The structure represcented by each RC
matrix was ewamined by Kruskal's (1964) muiltidimensional
scaling proccdurc.

Analyeis ol WA regponses. Marshall and Cofer (1963%)

review ten indices which convert WA data to a numerical index
indicating the degree of relatedness between concepts. Many
ol these indices are not applicable to the bresent study since
they handle orly two concepts or elsc decal with WA techniques
that allow only one response to each stimulus concept.

The method selected in this study to convert WA Cata
into a matrix of similarities between concepts is the related-
ness coeflficient proposed by Garskof and louston (1963). The
relatedness coefficient (RC, depends on the number of responses
to a given stimulus word and the overlap between response dis-
tributions for pairs of stimulus words. The formula for

obtuining the RC coeflficient is:

RC = K * E
(4+B) - [nf - (n-1)F1°

where

© T and B represent the rank order of words
under A which are shared in common with B
and the rank order of words in B which are
shared in A.

© E.T represents the rank order of words in A
multiplied by the rank order of words in B .

n represents all of the words in B (the
longer list).

P . ,
: represents some fixed number greater than
zero which may be determined from the shape
o @

ERIC
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of Lhe probaliility digtribution of the
responses.  Powas sel cqual Lo 1 in

[ ]

thiv slbudy; all portions ol Lhe B's
regponse distribution received equal
weight.

The RC coefficient may have a ceilling effect as sug-
gested by Shavelson (1970). Additionally the RC coeflficient
is gymmetric and thus would not be able to reproduce a digraph
distance matrix (asymetric) exactly. Garskof and Houston
(1963%) examine the validity of the EC coefficient.

Each relatedness coefficient ﬁay range from zero to
one inclusive and indicates the degree to which two concepts
are related Lo &'zs memory. The larger the value of the
relatedness coefficient the closer the relstionship between

the two concepts. TFor example, an eighth grade S responded

to event and experiment on the post WA tesgt as follows:

Event Ranl: Evveriment kank
Event ' 5 Experiment 5
unber 4 Event 4
Trial 3 Outcome %
Cutcome 2 Trial 2

Probability 1
_ 4
Thus RC = (5 3% 2) . 2
)
= .593
5 .
4 1o 4142
(5 4 3 2 1) - g - [57=(5-1)"]
1

For &ach £ a 10 x 10 kC mairiz wac formed uzing the
relatedness coefficients obtained from that S's WA responses.
For cach cell of the 2 x 3 x 3 design (treatment group by

school level by test occasion) a mean RC matrix and median RC
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matrix (calculated element by element) were formed. Shavelson
(1970) used only a median RC matrix. The underlying normality
(or lack of it) ol relatedness coefiicientc may be argued,

but the author prefers to present both the mean and median RC
matrices. The RC matrices obtained [rom the WA data may be
found in Appendix C. Each RC matrix was =zcaled using Kruskal;s
(196%4) procedure; the results may be found in Figures 6-30.
When most of'f-diagonal elements were zero for a particular

RC matriz, e.g. pretest WA data, no scaling solution is given
as the procedure is not applicable to such a matrix. Appendix

B contains the numerical results of the scaling solutions.

Figure 6**

Plot of Multidimensional Scaling Solution
Sixth Grade Experimental Subjects Pretest
Mean Relatedness Coefficient Matrix

2 3
I i
| |
!

M X 0

T T
EYT s EZ S
1 e 1 e R —
o oI
L P
Z L

**Key for Figures 6-3%5.

P = Probability S = Intersection

I = Independent T = Trial

E = Event X = Experiment

Z = Zero : M = Mutually Exclusive
L = Equally Likely : O = Outcome

*y #indicates more than one concept located at a particular
point.




Figure 6 (cont.)
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MHgure 7

Plot of Multidimensional Scaling Solulion
Sixth Grade Experimental Subjects Fosliest
Mean Relatedness Coefficient Matrix
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Iigure 8

Plot ol Multidimensional Scaling Solulion
Sixth Grade Experimental Subjects Ponttest
Median Relatedness Coefficient Matrix

2
I
l =0 R F
* = 1,72,L,T7,%,M
Figure 9

Plot of Multidimensioﬁal Scaling Solution
Sixth Grade Experimental Subjects Retention
Mean Relatedness Coefficient Matrix
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Meure 9 (cont.)
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Figure 10

Plot of Multidimensional Scaling Solution
.Sixth Grade Experimental Subjects Retention
Test Median Relatedness Coefficient Matrix
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Figure 11

Plot of Multidimensional Scalinp Solution
Sixth Grade Control Subjects Prelerst Mean
"Relatedness Coefficient Matrix
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Fipure 11 (cont.)
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Figure 12

Plot of Multidimensional Scaling Solution
Sixth Grade Control Subjects Posttest Mean
Relatedness Coefficient Matrix
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Mgure 13

Plol of Multidimengional Scaling Solulion
Sixth Grade Control Subjects Retenlion lest
Mcan Relatedness Coefficient Malrix
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Iigure 14

Plot of Multidimensional Scaling Solution
Eiphth Grade Experimental Subjects Protest
Mcan Relatedness Coeflficient Matriz
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Fipure 14 (conk.)
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Figure 1%

Plot of Multidinmensional Scaling, Solulicon
Eighth Grade Experimental Subjects Ponttest

Mcan Relabednecs Coefficicnt Muatrix
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T
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Fipure 16

Plot of Multidimensional Scaling Solutilon
Eipghth Grade Experimental Subjects Po.ltest
Median Relaledness Confficient Malrix
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I'ipuare 17

Plol ol Multidimengional Scaling Solution
Eighth Grade Experimental Subjects ketention
Mcan Relatedness Coeflficient Malrix
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Iigure 18

Plot of Multidimensional Scaling Sqlutiop
Eighth Grade Experimerntal Svbjects Retention
Median Relaledness Coelficient Matrix
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Plot of Multidimensional Scaling Solution
Eiphth Grade Control Subjects Pretect
Mcan Relatedness Coefficicnt Matrix
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Figure 19 (cont.)
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I'igure 20

Plot of Multidimensional Scaling Solution
Eighth Grade Control Subjects Poallest
Mean Relatedness Coefficient Matrix
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0 (cont.)
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Iipaie 21

Plot of Multidimensional Scaling Solution
Eighth Grade Control Subjects Retention
Mean Relate:lness Coefficient Matrix

2 3
I
I .
| %
i E
Mo | -
| 17 e EEP ________ 1 e Y P - S
i 5
I | S M
7 | Z
' L
|
i
I
|
|
* = L,T
5
X
E4
0
. S
2 e TP
S
_ M
Z .
1 L




IMpure 22

Flot ol Multidimensional Scaling Solution
Hiph School Experdimental Subjects Protest
Moan Relatedness Coefficicent Matrix
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Fieure 22 (conl.)
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Ipure 2%

Plol of Multidimensional Scaling Solution
Hiph School Experimental Subjects Posottest
Mean Relatedness Coeffdicient Matrix
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Fipure 24
Plol of Multidimensional Sculing Solution

lligh School Experimenlal Subjects Posoblest
Median Lkelatedness Coeflficient Mabtvrix
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Mgure 25

Plot ol Mullidimensional Senling Golution
High School Experimental Subjects kRetention
Mean Relatedness Coeflficient Matrix
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Iipure 26
Plot of Mwltidimensional Scaling Solution
Hipgh School Ixperimental Subjects Retention
Median Relatedness Coefficient Matrix
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Figure 27

Plot of Multidimensional Scaling Solution
High School Control Subjects Pre-
test Mean Relatedness Coefficient Matrix
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Plot ol Multidimensional Scaling Solution
Iligh School Control Subjects Posttost
Mean Relatedness Coeflicient Matrix
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Iigure 28 (cont.)
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Mpure 29

Plot ol Multidimensional Scaling Solution
High School Control Subjectn Retention
Mean Relatedness Coefficient Mabrix
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Mgure 50
Plot of Multidimensional Scaling Solution

igh School Control Subjects Retention
Median Relatedness Coeflicient Matrix
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Analveig of PC regponses. The paragraph construction

(PC) technique was used as an alternale measure Lo .examine Sg'
cognitive structures. Each paragraph was examined with a
digraph analysis analagous to the analysis of content struc-

"event is outcome's cousin'

ture. (Privial responses such as
vere “eleted.) Each S was acked %o write one paragrarh con-
cerning cach of [ive pairs oflconcepts. Five digraphs,
corresponding to the five paragraphs, were combined to form

a super-digraph (one for sach S). Then, Tor each cell of

the 2 x 3 = 1 (treatment by =school level by test occasion)
design, an element by element median was calculated and these
median elements were combined to form a PC distance matrix.
(1t should be noted that éach median entry was obtained from
a different N, depending on tﬁe number of Ss who gave a
response corresponding to ﬁhét particular entry.) Although
each S was reqﬁifed to discuss the relationships between

only five pairs of concepts, at least some Ss in each experi-
mental group found it necessary to inélude other relationships
and thus no infinite elements vwere found in the FC diétance.
matrices. FYinally, the PC matrices wers éonvert@ﬂ to a
similarity matrix in the same manner as for the digraph (see
Tables 13-17). BScaling solutions fbr eachh PC similarity
matrix are presented in Figures 31-35 and the numerical
results of Kruskal's (1964) procedure are found in Appendix
B. (The sixth grade control group PC ﬁatrix is not given

due to the fact that wo usuable responses were obtained.)



Prib.
Ind..
Event
Zero
E.L.
Int.
Tr
Exp.
M.E.
Out.

Prh.
Ind.
Event
Zero
E.L.
Int.
Tr.
Exp.
M.E.
Out.

Table 1%
Parapgraph Construction Similarity Matrix lom
Sixth Grade Experimental Ssg

)|

4o
. . b 0 . . . . .
2 'Ej il 8; r.! + K fi Je) .2;
it i mo N ) i i il = S
1.0 2500 L0000 1818 2500 2500 4000 B%3% 2222 3535
2000 1.0 222p LGEY 2500 2500 2500 %3%% 2500 333%%
5006 2000 1.0 33%% 2500  3%%7 2500  33%% %774 4000
2000 %»%5% 2500 1.0 2%55% 2500 2000  3%3% 2222 %337
2000 2500 3%3% 3%%% 1.0 33%% 2222 2500 33373 53%5
2857 2000 3%%% 1429 3%%% 1,0 35%% 2500 2000 5337
3355 2500 %333 1250 2222 %3%5% 1.0 5000 2000 3%%%%
AR57 ZHBT BEVE 1222 2500 2500 5000 1.0 2857 5000
2000  %%%% 2222 1667 2857 2000 2000 %3553 1.0 5555
33%%  4C00 4000  333%  $%%3  5%3E w333 000 %3rE 1.0
*decimals omitted
Table 14 _
Paragraph Construction 5imilarity Matrix for
Eighth Grade Experimental Ss
4
. [ r:: O . . . . .
- o] 0] £ (] + . oF ) 12
£ = > ® . S & v . 3
Ry i I£3] N k] 4 = £l 5 O
1.0 25Q0 0 2857 2857 2500 2000 2500  3%3%7 2500 33%3
2500 1.0 2500 2857 %333 2500 233%% 2500 3%3%  53%5
2333 2500 1.0 3333 - 2500 3333 5333 3333 2500 5000
!
2%%%3 2500  %%%% 1.0 5000 2000 2500 2500 2000 5000
2222 2500 2857 5000 1.0 1818 2500, 2222 3%3% 33353
2222 2500 %333 2222 2000 1.0 2857 2500 2000 2000
2500 %3%% 2857 2500 1667 3%%3%3% 1.0 5000 1818 2500
2857 2222 2857 5000 1.0

3333 2500 5333
5

2000 3333
33

2500 2500 2500 2500  3%3% 2000 2222 2500 1.0 3%%%
2500 3333 3333 4000 3333 2222 3333 3533 3353 1.0

* decimals omitted
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Tabie 15

Paragraph Construction Similarity Matrix lor
Eighth Grade Control Ss

o s ﬁ ¥ = I ' & (] P

& § 1 N 1 A & i o 3
Prb. 1.0 4000 %333  3%3%% O 1429 2500 %333 0 2500
Ind. %3%% 1.0 0 0 0 0 3333 %3%% 0 2857
Bvent %333 3735 1.0 3%33 O 3333 5000 3335 O 3533
Zero 0 0 0 1.0 5000 0 %3%3% %3%% 0 5000
E.L. 0 0 O 5000 1.0 0 0 0  %3%% 0
Int. 1429 0 33%3 0 0 1.0  33%% 2000 0 %333
Tr. 2500  H000 5000 %%37% 0  33%3 1.0 5000 2000 %333
Exp. 4000 3%3%3 %%%% 3333 O 2000 5000 1.0 2500 5000
M.E. 2500 0 0 0 0 0 2000 2500 1.0 33%3
Out. 5533 5555 4000 5000 0 33%% 3%%3%% 5000 33535 1.0

* decimals omitted
Table 16
Paragraph Construction Similarity Matrix for
High School Experimental Ss

p .

o 3 g8 -8 A B éh B I

& & Q N i o & ] = s

]

(NN}

rrb. 1.0 3%%% 5000 4000 33%%% 2500 2500 5000 2857

\
[\

o N
o D\
o
@)

Tnd. _2500 1.0 2500 2857 1429 2000 5000 3333 3333

Event _5000 2500 1.0 ~ 2500 33%5 3%3% 3333 3333 335% 3533
Zero 5000  3%%% 2500 1.0 2857 2222 2500 3353 2CC0 GOCU
E.L. _3%%% 2000 3%3% 2500 1.0 2000 2000 2500 2857 2333
Int. 2500 2000 3%3%3 2000 2000 1.0 2000 2857 2500 2500

1
d

- Tr. 37%% 5000 2857 2500 2000 2000 1.0 5000 2000 3333
Exp. 5000 333%3% 3333 %333 2500 2857 5000 1.0 3333 5000
M.E. 2857 33%% 3333 2500 2857 2500 2000 2500 1.0 5000
Out. %%%% 5000 3%3% 4000 33%% 3%%3 2335 5000 4000 1.0

¥ decimals omitted
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Table 17

Paragraph Construction Similarity Mabrix lor
Hipgh School Contaol Ba

da

. . ot @] . . [ . [
Kol " ) £ | 4 . o ] 45
& 1 e Q e ol £ . :
a¥ i I N f] -4 1 4 o

i
Frb. 1.0 1818 H000 2500 5000 2500 2500 5000 O 53%5 .

2500 0 2887

"o
AN
N
f\oJ

Ina. 2222 1.0 1667 2500 1667 2500 %

3

Event _3%%% 2222 1.0  5%%% %73% %557 5%55 5555 2000 3335
Zero 2857 2857 %3%% 1.0 3%%% %335 2857 . 5000 05000
E.L. 2000 1111 3%33% 2000 1.0 33%% 2000 1667 3333 1429
int. 2000 1818 2222 2222 0 1.0 %333 3333 2000 2000

Tr. ZARR 2500 2500 2500 2500 2857 1.0  S000 2000 5355

J

Exp. Co0D 2500 2857 4000 1667 3333 5000 1.0 2020 - 5000

M.E. 1250 1lll @) 1250 3%3%%  3%3% 2000 15667 1.0 AB5H5H
) %3%% 5000 333% 1.0

Ouft:. 2857 2857 2500 5000 2000 5000

*decimals omitted
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Fipgure 31

Plot of Multidimensional Scaling Solution
saragraph Congtruction Datia
Sixth Grade Experimental Subjects
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Figuvre 31 (cont.)
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Mpure 32

Plol of Multidimencional Scaling Bolution
Parapraph Construction Data
Eiphth Grade Experdmental Subjects
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Mpure 3%

Plot of Multidimensional Scaling Solubion
Paragraph Construction Data
Eighth Grade Control Subjects
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Tigure %4

Plot ol Mulbtidimensgional Scaling Holution
Paropgraph Construction Datu
High School Experimental Subjects
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Mgure 35

Plot ol Multidimensional Scaling Solution
Paragraph Construcltion Data
ligh School Control Subjects
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Comparigon of WA, Achievement, Ability, and Attitude Data

A correlational analysis ol the data obtained from
each experimental group was performed to investigate the
relationships among various types of data gathered on Ss.

Due to the quite different types of data gathered, two infer—
correlation matrices were obtained. Tables 18-23% present
product-moment intercorrelation matrices and non-parametric
(Kendall Tau renk correlation) intercorrelation matrices.

The reason for obtaining two types of correclations is that

one can.reasonably expect 1Q and achievement, for example, to
come from a bivariate normal distribution and thus the
product-moment correlation is appropriate. On the other hand,
there is no prior evidence to indicate that the Euclidean
scores (from the WA data) are normally distributed and one
might wish to use the more conservative Kendall correlation.
PC data was not analyzed by subjects with an Euclidean distance
score and thus is not included in the correlafion analyses.
Euclidean distance séores, explained in the next section, are
a measure of how well Sg' cognitive structures corresponded
to the content structure. Perfect correspondence between
achievement data and WA data would be indicated by a correla-
tion of ~1.0 zince a smaller Euclidean distance score implies
a closer relationship between content structure and cognitive

o

structure.

ERIC

Aruitoxt provided by Eic:
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Table 18

Product Moment Correlation:
Sixth Grade Experimental Group

Att. Pre Post Ret Pre Pre Post
Math. Ach. Ach. Ach. Graph Digr. Graph
Att. 1.000 126 195 o8 -02% —02y =078
Math (32) (31) (%0) (2 ) (32) (32) (30)
Pre 1.000 434* 249 156 160 -334.
Ach (1) (30) (22)  (31) (31) (30)
Post 1.000 721* -081 ~07 VL
Ach (31) (22)  (30) (30 (31)
Ret 1.00C 050 051 041
Ach (23)  (23) (23) (22)
Pre 1.000 1.000* 4C4*
Gra : (32) (32) (30)
Pre 1.000 488*
Dig ) (32) (30)
Post 1.000
Gra (31)
Post .  Ret. Ret. L/ L/T  L/T CTBS  CTBS
Digr. Graph Digr. Verb. ©N.V. Total Read. Arith.
Att. _ov1  -5he* -shy* -209 | -195 =213 -139  -021
Math (30) (22) (22) (300  (30) (30) (30) (30)
Pre - %43 -25 -263% 275 311 308 206 35%
Ach (%0) (21 (21)  (29) (29 . (@9 (29)  (29)
. Post . -460* —457* =42 oau* 506* e74* 665* L *
Ach (31) (21) (21) (e8) (28) (28) (28)  (28)
Ret -061 =233 =246 67%% 6RO 722% ga7*  p2z*
Ach (22) . (22) (22) (22) (22) (22) (223 (22)
Pre 06%* 369 325 =07 -206 =150 020 =099
Gra (30)‘ _ (22) (22) (30 (30) (30) (30) (30)
Pre 457* 364 320 -072° =205 -148 025 =093
Dig (30 (22) (22) (30) (30)  (30) (30)  (30)
Post 908* 656*  633* =255  -249 -261 -250 =23

Gra - (31) (21) (21) . (28) (28) (28) (28) (28




Table 18 (cont.)

I
Pogt
‘Digr
Ret
Gra
Ret
Digr
L/7
Verb
L/T
N.V.
L/T
Tot
CTBS
Read

CTBS
Arithe.

Posl Rekb. Reb. L/ L/m L/m
Digr. Graph Digr. Verb. N.V. Total
1.000 058 * BHE* =261 —-24.5 ~26%
(31) (21)  (21) (28) (2R) (28)
1.000 998* 004 ~04.2 -0l
(22) (22) (21) (21) (21
1.000 002 -030 =011

(22) (21) (21) (21)
1.000 801* QUG *

(30)  (%0) (30)
1.000 955*

(30) (30)
1.000

(30)

. .“’\

(N's in parenthesis)
*p< .05

**decimals omitted

CriEs
Read.
-26%
(28)
-0%6
(21)
ey
(21.)
899*
(30
728%*
(30)
85%*
(30)
l.OOO
(30)

106

CTBS
Arith.
-218
(28)
~08
(21
~-0%4
(21)
772
(30)
705 %
(30)
776"
(30)
776"
(30)
1.000
(30)



Att.
Math
Pre
Ach
Post
Ach
Ret
Ach
Pre
Gra
Pre
Dig
Post
Gra

Att
Math
Pre
Ach

Post
~Ach

Ret
Ach
Pre
Grs
Pre
Dig
Post
Gra

Dable 19"

_ Runk Order Corrclabions
Siwth Crade Experimental Group

Att. Pre Poat Ret. Fre Pre
Math. Ach. Ach. Ach. Graph Digr.
1.0 44 088 =025  10% 114
1.0 272% 141 025 027

1.0 471 =222 -214

1.0 =094 -089

1.0 902

1.0

Post Ret. Ret. L/T L/T L/T
Digr. Graph Digr. Verb. N.V. Total
_024  —417* -406* -162 -115 = -154
~11%  -125 -1l25 188 225 227

_314* 133 -132  421* 379%  428*

-058 ~14% =142 598* 503* 537*

B8 202 201 =215 -3U6*  -328%

552 * 184 183 =215 =395* _307*

o84-* HuA* 550* =196 -231 -250

107

Pogt
Graph
-0%1
-136
-%06*
—044)
540*
534*
1.0
CTBS CTBS
Read. Arith.
-094 012
201 248
439*  503*
481* 583*
| -117 =202
-116 -201
-2%0° =222
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Table 19 (cont.)

Pout Ret. Ret. L/t L/ L/m crBs  CTBS

Dipr. Graph Digr. Verb. N.V. Total  Read. Arith.
Post 1.0 554.% 561* =197 =251, =230 -230 =222
Digr
Ret 1.0 1.004* -0%4. ~067 ~088 -019 073
Gra
Ret 1.0 =034  ~-067 =087 ~019 072
Digr
L/T 1.0 570% el 711* 608 *
Verb :
L/T ’ 1.0 834* 515* 553*
Nv
L/T . | 1.0 GU9*  E22%
Total
CILBS 1.0 630 *
Read
CTBS . 1.0
Arith.

*p< .05

**decimals onmitted




Att.
Math
Fre
Ach
Post
Ach
" Ret
Ach
Pre
Gra
Pre
Dig
Post
Gra
Post
Dig

Att.
Math
Pre
Ach

Post
Ach

Ret
Ach

Pre
. Gra

Pre
Dig
Post
Gra

AGt.
Math.

1.000
(43)

Ret.
Graph

071

(42)

=137

(42)
215
(40)
185 -
(42)
516%
(42)

316*

(42)

400* -

(41)

: - ¥ 3k
Table 20

Product Moment Correlations
Eighth Grade Experimental Group

Prea
Aot

Ret.
Digr
067
(42)
-131
(42)
214
(40)
191
(42)
A00%
(42)
341 *
(42)
381%
(41)

Post
Ach.

24.0
(41)
530*
(&41)
1.000

C(41)

MEMM

20%
(27)
248
(27)

~032
(26)

-023
(27)
328
(27)
535
(27)
268
(27)

Ret.
Ach.
200
(4%)
AT
(43)
891*
(41)
1.000
(43)

Pre
Graph
~268
(43)
~07L
(43%)

0l
@1)
~042
(43)
1.000
(4%)

Post
Dig
Ret.
Gra
Ret.
Dig
MEMM

Pre
Digr.
=275

(43)

_07
(43
0%
(41
~050
(43)
999*
(4%)
1.000

- (43)

Ret.

Graph

591*%
(41)
1.000
(b2)

Post
Graph
157
(42)
-108
(11.2)
-04%
(40)
-125
(42)
221
(42)
225
(42)
1.000
(42)

Ret.
Digr.
574
(41)
997*
(42)

1.000
(u2)

(li's in Parenthesis)

*

p .05

**decimals omitted

109

Post
Digr.
177
(42)
-108
(42)
-031
(40)
=112
(42)
239
(42)
242
(42)
908 *
(42)

1.000
(42)

MEMM

278
(27)
159
(27)
176
(27)
1.000
(27)



Atpt.
Math

Pre
Ach

Post
Ach

Ret
Ach

Pre
Gra
Pre
- Dig
Post
G:a
Post
Dig

Att.
‘Math

Ach

Post.
Ach

Ret
Ach

 Gra .
Pre
Dig
Post
Gra

Table 217"

Rank Order Correlations
Eighth Grade Experimental Group

ALt. Pre Post Ret. Pre Fre Post
Math. Ach. Ach. Ach. Graph Digr. Graph

1.000  243* 186 153 ~-185 -1l61 114

1.000 23" 285* =195 ~-198 =154
1.000 724 O46 051 013

1.000 -02¢ =03%6 =075

1.000  971* 063

1.000 092 -

1.000
Ret.  Ret. MEMM -  Ret. = Ret.
Graph  Digr. Graph™ ' Digr.
064, c42 08k Post = 397*  3p2%
o CDig L
147 -la4 136 ~ Ret S 969*
: ' jGra ' c
129 1046 - 075 Ret
: : S ; Dig
0%7. 027 053 . MEMM
339%  355% 2u4 *pe.05

**decimals omitted -

BeA* 375t 263

406*  386* 239

110

Pogt
Digr.

116
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\ r':**
Table 22

Product; Moment Correlalions
Hirh School Experimental Group

Att. Pre Post - Ret. Pre Pre Post Post
Math. Ach. Ach. Ach. graph  Dipr. Gragh Digr.
Att : 1.C00 030 ehl =000 034 065 519 302
Math (20) (19) (1%) (11) (20) (20) (17) (17)
Fre 1.000 088 108 onh Q%G 151 126
Ach (19)  (15) (o) Qa9 (19) a7y  (17)
Post 1.000 Q41Y ~0729 - 104 -524 ~-524
Ach (15) (10) (1%) (1%) (15) (1%)
Ret 1.000 =071 -N8% -104 -102
Ach (11) (11) (11) (10) (1¢)
Pre 1.000 9981 319 345
Gra (20) (20) (17)  7)
Fre 1..70 2 370
Dig (20) (17) QA7)
Post ’ 1.0C0 S98*
Gra (17) (17)
Post 1.000
Dig - (17)
Ret. Ret. Ret, Ret,
Graph Digr. Graph  Digr.
Abt 0 =003 002 Post 7267 734
Math (11) (11) Dig (10) (10)
Pre : 310 514 et 1.000 Qo8
Ach (10) (10) Gra, (11) (11)
Pogst -015 -03%7 Ret 1.000
Ach (10) (10) Dig (11)
Ret -168 -180
Ach (11) (11) (N's in parenthesis)
Pre 61l8* 62%* * <05
Gra (11) (11) **decimals omitted
Pre 636* 6UO*
Dig S (11) (1)
Post 725* h2*

Gra (10) (10)




ALt
iMlath
Pro
Ach
Pont
Ach
Ret
Ach
Pre
Gra
Fre
Dig
Fost
Gra
Post
Dig

Attt
Math
Pre
Ach

Post
Ach

Ret
Ach
Pre
Gra
Pre
Dig
Post
Gra

Att.
Math.
1.000

Ret.
Graph
05¢

068

4 %
Touble 2%

kank Order Correlation:

High School Experimental Group

Fre
Ach.

L&

~!

)

\

1.000

Ret,
bigr.

~0%8

372

ous

Post
Ach.
214

OG5l

1.000

Ret. Pro
Ach. Graph
=00 =06
071 0%

907" 050
1.000 019

1.000

Post
Dig
Rat
Gra
Ret
Dig

*p< W05

Pre
Dipgr.
~06Y

080

0l0

078

9897

1.000

"Ret.

Graph
511*

1.00C

112

Posl Pogt;
Graph Digr.

212 208

169 162
=226 =257
=023 -025
-030  -007
-01% 07

1.000 952

1.0C0

Ret.

Digr.

559*

c17*

1.000

**decimals omitted
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Aruitoxt provided by Eic:

Comparisong ol Content Structure and Copnitive Structure

One way to compare contenlt structure and cognitive
structure is to eiamine the correspondence, or lack of it,
between the multidimensional scaling solutions for the digraph
similarity matriz (or praph similarity matrix) and the median
(or mean) EC matriz. This method allows one to look only at
group data.

A second method of comparing content structure with
cognitive structwre is the Euclidean distance. The Euclidean
distance is obtained by squaring each diiferonce between cor-
responding elements of two matrices (e.g. a2 S's RC matrix and
the digraph similarity matrix), summing the squares, taking the
square root of this sum, and dividing by ninety (the number of
off-diapgonal elements in each matrix). Yor each S's RC matrix
(at each testing time), the Euclidean distances between that
RC matrix and the content graph and digraph similarity matrices,
respectively, were cslculated. These EHuclidean distances
indicate how well & RC matrix matches one of the content struc-
ture matrices.l The smaller the distarce, the closer the RC
matrix comes to matching the content matrix. Descriptive
statistics for the huclidean distances alt each testing time

are given in Table 24.

lSince the smallest value of a RC is zero, some RC
matrices consist only of off-diagonal elements that are zero.
This may cause a Euclidean distance to be smaller than it
should be, since it is possible to be further away from the
content structure (e.g., some Euclidean distances between
certain PC matrices and the content matrix are larger than
the distance between a '"zero'" RC matrix and the content
matrix).
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A nonparametric analysis of variance (Bradley, 1968)
was performed on the Fuclidean distance dala at each school
level. Since Lhere wasg & loss of subjects at rebention test
in the sixth grade and high school samples, retention test data
was not included in this analysis. Results showed a significant
treatment effect (p< .05 at the sixth grade level; p <.0l
at the eighth grade and high school levels) at all three
levels.

For each cell ol the 2 x % x % (treatment by school
level by test occasion) design, a Euclidean distance belween
each mean and median RC matrix and thg digraph and graph
similarity matricgs was calculated. Table 2% presents the
results of these calculations. The Euclidean distance between
each PC matrix and the content similarity matrices also is

presented in this table.
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CHAFTER V

Discunasion, Iuture Work, and Summary

A briel summary and discussion ol the results ol the
study are presented in this chapter. The reader is reminded
that results of all analyses are presented in Chapter 1V and

thus the:statistical tables will not be repeated here.

Discussion of Results

Content structure. Content structure was mapped with

the methods of digraph analysis, graph analygis, and task
analysis. Concepts deemed as being most crucial, in a mathe-
matical sense, fof understanding the material were: '"probabil-
ity," "independent," "event," "zero,"” "equally likely,”

" "mutually exclusive,"

"intersection," "trial," "experiment,'
and "outcome". These ten concepts were used as the lkey concepts
in the digraph and graph analyses.

The largest element in the digraph distance matrix
(see Table 6) is 4, and this distance occurs only twice. The
largest element in thé graph matrix (see Table 8) is 3. Thus
the digraph and graph are ”stroné” (Harary, et. al., 1965%)
indicating a tight formal structure in the subject matter, as
would be expected. Interrelations among concepts in the two
distance matrices were examined with Kruskal's (1964) multi-
dimensional sceling procedure. For the purposes of this study,
it was decided to accept the smallest number of dimensions

that would allow a "good" fit to the data (see Chapter IV for

a discussion of the fit criterion). A two-dimensional space
o
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(stress = 041 lor the digraph; stress = .00% for the graph)
was sclected in both analyses. In both cases the scaling
solutiong (seec Iigures 3 & 4) match our understanding of the
instructional material. In examining Figure 3, for example,
one finds that "outcome" is clustered with "experiment" and
"event," "probability" is clustered with "intersection."

Examining larger clusters we see that "mutually exclusive,”

It

"independent," and "intersection"/"probability" are related

to "event," "trial" and "equally likely" cluster with "experi-
ment"/"outcome." ¥inally, "zero" is related most closely to
"probability"/"intersection."” Thus there appears to be a
clustering on the. basis of abstractness of the concepts. For
example, "experiment" is less abstract than "event." The
third cluster which includes "probability" gives us the uni-
fying mathematical concepts. This fits nicely with the idea

of probability being an abstract model of the physical world.

Problem solving. It is apparent trom the analyses of

variance results of achievement data that each experimental
group did significantly better (p <;Ol) after instruction as
compared to before instruction. At the same time while control
£Toups performed slightly better at posttest and retention

test as compared to pretest this difference was not significant.
From the mean scores for each test occasion (see Tables 10,

11, & 12), we see that each experimental group was able to

solve problems much better after instruction than before and
this was not true for the control groups. The probability

instructional material, then, produced learning of probability




and this learning was due solely to the inctructional
material (i.e. a significant treatment effect). Additionally,
this learning was retained as judged by retention ﬁest means
(in fact, eiphth prade and high school axperimental Ss per-
formed better at retention test than at posttest).

The analysis ol variance which includes school level
effect indicated that older Ss performed sipgnificantly better

on the achievement test than did younger Ss.

Regults of correlation analyses. An examination of

the results of the within experimental group correlation
analyses leaves us with a somewhat less enthusiastic appraisal
of the WA results; The mean/median RC matrices distinguish
the experimental and control groups well and in the same
manner as the achievement data. However, with the exception
of the sixth grade data, we did not obtain a significant cor-
relation between WA data and achievement data wiiﬂin an
experimental group.

The sixth grade data indicates that posttest achieve-
ment was correlated significantly (p < .05) with retention
achievement, post and retention WA results, and ability

T

measures (see Tsbles 18 & 19; note that the rank correlation

)

) anr &x

2
2.
s 31
[

ketention achievemen®t was not correlated siguniiicently Wi

coefficient was not zignificant for retention Wi dat

Q

though the product-moment correlation coefficient wa

;

WA déta; ability data was not related significantly to WA data.
Attitude toward mathematics was correlated significantly with

E Tkj retention WA data but nothing else. All intercorrelations .
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amonyg; poat achicevement, retention achievement, and ability
measurces were sipnilicant Lor the gixth grade ewperimental
Bs.

Achievement data and WA data intercorrelations were
not sipgnilicant for the eighth grade experimental group.

The ability measure, Minimum Essentials ol Modern Mathematics,
was not correlated significantly with any other variable.
Attitude toward mathematics was correlated significantly only
with pretest achievement. All achievement data intercorre-
lations were significant.

Neither atbtitude toward mathematics nor achievement
data was correclated significantly with WA data within the high
school experimoental group. Attitude was not related signi-
ficantly to any other variable. The only achievement data
correlation coelficient that was significant was the correla-
tion between post and retention achievements.

Ability and cognitive structure after instruction were
correlated significantly in the sixth grade experimental
group, but not in the eighth grade experimental group. Since
fhe ability measurec in the eighth grade group was guite spe-
cific and there was a significant amount of missing data, the
author is inclined to accept the results from the sixth grade
group. This result agrees with Shavelson's (1970) findings
that come ability and WA data are related. However; the
reader is cautioned that patterns in the sixth grade correla-
tion analysis did not appear in the other school levels and

thus the link between ability and WA data is tenuous at best.
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We were not able Lo demonstrate consistently a sipni-
ficant relationship between cognitive strucbure alter
instruction and either achievenent, attitude, or ability
within the experimental groups. In pencral, attitude toward
mathematics was not related to other variables in the study.
However, achievement data and WA data were relabted strongly
in the sixth grade experimental group. At the eighth grade
and high school levels, achievemen®t data and VA data were not
correlated significantly, but the correlation coefficient was
generally in the sappropriate direction although near zero.
This finding is in agreement with past studies (ci. Johnson,
1967; Shavelson, 1970). It may be that the larger variation
present in the sixth grade experimental group was the cause
of that being the only group with significant results in the
correlation analyses. |

Thus it appears that twe possible interpretations of
the W4 test results are possible: a) the-¥WA test provides a
measure of group learning but not individual learning; b) the
WA test provides a measure of learning and this learning is
of a different type than learning to solve problems and thus
the WA results may not always agree highly with conventional
achievement results (much the same as Egtitude and achie?ement
are not always highly related). The author prefers the second
interpretation, particularly since many of the problems on
the achievement test could be solved by an algorithm, even if
the student did not understand fully the relationships between
various concepts. (4 third interpretation, the WA test does

not messure learning of mathematical structure, was discounted
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by the author due to the gtriking, conaistency of bebween
treatment groups performance on the WA test and the consistency
ol' this difllerence with achievement tent ditlferences. Also

the results ol the multidimensional scaling procedure in each

experimental group indicate learning of shructure took place.)

Copnitive structure. Examining the WA test results

(zee Figures 6530) indicates that eighth grade Ss did best in
terms of learning content structure but that both high school
and eighth grade Ss performed better than sixth grade Ss.
Results of the PC test (see Iigures %1-~35) indicated that
eighth grade Sz performed worst with high school Sg performing
best. The author.suspects that this result on the EC test

is due partly to the large number of unusanlz results at the
gixth grade level. That is, only the best achievers in sizth
grade were able to respond to the PC test and thus the mean
score was inflated.

Thus, in general, there appears to be a strong matura-
tion effect on the test scores A portion of this elfect was
probably due to older Ss having higher reading ability and
more ex¥perience with mathematics. However, some of the effects
may be due to older S5s being able to retain or learn better )
the- gbstract portion of the mathematics.

The pattern of intercorrelations between WA results
at different test times within experimental groups slso pro-
vide some interesting observations. Posttest WA results alwayq
were correlated significantly with retention Lest WA results.
J sztest WA results were correlated significzntly vith posttest

ERIC
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WA resultas at the mixth pgrade level and wore correlabed cipg-
nificantly with the retention test WA rerulbts ot the other
two school levelss In the case of non-signilicant results

' the direction of the correlation coefficient was positive and
usually approached significance. The éorrelntions gélween

/

postlent and retention test VA results further indicate the
stability of learning of mathematical structure. We suggest
the relationship between before-insgtruction WA data and after-
instruction WA data indicates that Ss were not able to separate
totally the common meaning of the key concopts and the specific
(mathematical) meaning of the concepts. That is, while the
instiuctional material presents only the mathemabtical meaning
of the key cbncopts, Ss "add" this extra understanding of
concepts to thneir organization of concerts in memor; but also
retain the everyday meaning of the conceptg. Thus instruction
may produce only a change in the quality of_concept organiza-
tion in ﬁemory, but not necessarily cause S to reorganize

radically his cognitive structure.

Content structure versus cognitive sbtructure. Examining

the Euclidean distance scores between the content structure
distance matriceg and the mean/median RC matrices (sce Tabl»
25) one observes the same pattern of learning due to instruc-
tion as was found in the achievement data. The diffcréuce in
learning between experimental and control groups is also
apparent in the RC and PC matrices. Thus it was concluded
that experimental Ss were not only better at solving problems
after instruction, but also learned some mathematical structure
O
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(as measured by the WA and PC tesbs). Nobe almo that oxperi-
mental Ss' cornitive structures were more like content structure
at retention test than at posttent (see Toble 25). This
demonstration of a lasting change in cognitive structure is
important since prior studies have not examined this.

The fact that experimental 55 exhibited the same
general pattern, in teims of mean scores, on both achievement
tests and cognitive structure tests and the alter-instruction
scaling solutions indicate that the cognitive structure tests
measure learning (of mathematical structure). The learning

of mathematical structure was retained.

Formative evaluaticn. The results of the multidimen-

sional scaling solutions provide the most useful information
for formative evaluation. The resultant dimensionality of
best fit and clustering of concepts provide a more easily
interpretable description of the RC matrices.

Several patterns emerge from the best fit dimension-
alities (summarized in Table 26). VWith the exception of the
high school control group's WA retention test result, all
control group median RC matrices and all pretest median RC
matrices contained too many zero elements for the obtainment
of a scaling solution. (T'he high school control group at
retention test had a very small N and these students appeared
quite intelligent which probably caused this exception) This
strongly supports the hypothesis that Ss were unfamiliar with
probability prior to instruction and that the control group

Ss did not learn the mathematical structure of the probability



text. " In gencral, the median RC matrices il well in a smaller

dimensionality than the mean RC matrices.

Table 26

Dimensionality of Best it for RC lMatrices

Pre Pogt Ret
Mean Med. Mean Med. Mean Med.
RC RC RC
Sixth Exp. A * % 1 % 1
Grade
Con. ’ * 5 * % ¥
bighth Izp. 4 * 4 2 7 7
Grade -
Con. 4 * 4 * % *
tiigh Exp. 4 * 2 1 3 2
School
Con. 2 * o * 3 2

* indicates inability to calculate a
scaling solution due to a majority
of the elements in the RC matrix
being zero
Following instruction, the experimental groups median
RC matrices fit well in two dimensions or less (except for the
eighth grade rctention test median RC matrix). Posttest and
retention test mean RC matrices for experimental groups tend
to fit well in three dimensions (except the high school post-
test mean RC matrix). Also the mean RC matrices tend to it
in a smaller space following instruction as compared to pretest
results especially in the experimental groups.

It appears that relationships between concepts not

only approach that presented by text, but also approach the .
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same dimensionality. We conjecture that the third dimension

in the mean RC matrices for experimental groups is necessitated
by the common meaning associations still present in Ss' memories
after instruction.

The summarization of best fit dimensions for the PC
matrices is presented in Table 27. Iio pattern exists for
control groups as would be expected. The experimental groups
results tend toward three dimensions with the exception of
the sixth gradé experimental group. The expefimental groups
PC matrices seem %o reéemble the mean RC matrices rather than

tihe median RC matrices.

Table 27

Dimensionality of Best Iit
for PC Matrices

Sixth TXp. &
Grade Comn. "
Bighth —P- 3
High Exp. 5
School o

The scaling solution indicates_how concepts were
clustered in Sa' cogniltive structuresf These clusters can be
compared to the text structure and thus provide information
as to which relationships Ss learned well and which ones they
did not learn well. We suggest that this information may be
useful for formative evaluation. For example, examining the

Q
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post and retenltion scaling colutions (see Fipuren G=30) for
experimental Ss, we gsee that the overall guneral structure
pregented by texl appears to be present in Ss' memories after
instruction, but there appears to be conlusion over the dis-
tinction between "outcome" and "evenlt." Several scaling
solutions ghow that "mutually exclusive" and "independent"
cluster with "outcome" rather than "cvent." We obgerve also
that, in general, the central concepts ("event," "outcome,"
"experiment," "trial") are not well distinguished in Ss'
memories. Thus Ss have learned the general structure presented
by text, but are lacking many relinements in this structure.
In terms of formative evaluétion, we would suggest more
comparing/contrasting of central concepts be presented in the
text. DNote that this suggestion is guite dissimilar from
suggestions that might arise from achievement test results.
Achievement test results indicate areas of difficulfy in
solving problems and formative evaluation suggestions based
on achievement tests are often stated in terms of problem
solving practice or more explanation of algorithms. Results
of the WA test indicate which relaticnshivs between concevts
need more emphacis regsrdless of whether the relationship
involves problem solving. S

The only pattern the author could discern for control
proup results was a tendency to associate concepts on the
basis of familiarity. Here again the clusters indicate the
control groups did not léarn the probability text structure.
The results also iﬁdicate that responses tc the WA test by

Q experimental Ss were not a random phenomena.
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Iruture Worlk

Before proceeding with some suggestions for future
research, it is necessary to note some inappropriate ugses of
the cognitive structure instruments. JIFrom the experimental
groups correlatinsn analyses, we conclude that the WA test is
not a subgtitute for the usual achievement test in terms of
individual persons. While we feel that the WA test measures
learning of mathematical structure, it is apparent that the
WA test is not a.good predictor of learning to solve problems.
The WA test does appear to be a good predictor of achievement
in terms of group means.

Using the present scoring methiod, the PC test is not
appropriate for predicting either the WA test data or problem
solving data on an individual basis. Unless an inordinate
amount of testing time is used or else a different scoring
procedure is used, the PC test should be used only for group
distinctions and not individual distinctions. Secondly, it
appears that the PC test involves the '"ability to write about
mathematics" and this ability is not well developed in students,
particularly at the elementary school level. This probably
is due to lack of experience in writing about mathematics and
the investigator feels this skill should be practiced more in
the mathematics classroom.

) Finally, a simpler scoring pfoce&ure would be necessary
if individual teachers were to use the WA and PC tests in
their classrooms. Even with a computer, the task of putting

the results into an interpretable form is quite time consuming.




Nwo dmportant regcarch questions remain before one
could putl these procedures to general use. lirst, do improve-
ments to the text like those suggested above produce a
corresponding improvement on the WA and PC tests? This
question needs to be answered to assure the usefulness of the
cognitive measures in formative evaluation. The gecond problem
of intérest is whether a diflerent structure of probability
presented by text produces a different cognitive structure in
the student. That is, we have shown that the text produces
a- change in cognitive structure, hut we have not shown whether
this change is unique with respect to each particular text

structure or the same for all texts.

summary

The purrose of this study was to define mathematical
structure operationally and to examine commumication of mathe-
matical structure to students by text. Mathematical structure
was defined as the relationships between concepts within a set
of abstract systems. Content structure was mapped by digraphs,
graphs, and task analysis. Cognitive structure in S's memory
was measured by the word associaticn tecinigue and Lthe paragrapn
construction lLochnigue. Ss (N=180) jarticipating in the study
were Jrom the wixth groade, eighth grade, wand high schocl
(pradee 9-12) levels. Os were divided randeonly iuto experi-
mental and contiol groups at ezch zchool leval. Experimental
Ss read a programmed text concerning elewentayry probability,
while control 5s road a programmed text corncerning mathematics

not relatad to probability. 'The experiment was conducted
O
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during repular scehool hours and, in moot cases, in the rvepular
mathematics clavssroom.  The experiment lasled approximately
two weeks plus a retention test period. Ss were pretésted
with attitudé towafd mathematics, achievement in probability,
and WA inétruments; posttested with WA, achicvement, and PC
instrmuments; and retéﬂtion tested with WA and achievement
instruments. Experimental Ss scored significantly better on
the achievement test at post and retention test times as com-
pared to pretest. Ixperimental Ss scored significantly bLetter
at post and retention test times than did control Ss. Digraph
analysis and graph analysis provided representation of content
structure that was interpretable and agreed with our uander-
standing of the instructional material. The word association
and paragraph construction techniques were useful in examining
the learning of mathematical structure at gil levels. Experi-
mental Ss' copnitive structures resembled the content structure
following ingstruction; this was not true of control S8s. It
was cohcluded that experimental Ss learned how to solve proba-
b1lity problems and learned a significant portion of the text
structure as a result of instruction. Therce was both a treatment
group and school level difference on the achievement, Wp, and
PC tests. The WA and PC tests appeared to be useful for
formative evaluation and gave different inflormation than did

the achievement test.
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Learning Measures
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ACH L EVEMENT TEST

INSTRUCTLONS

This is a tent aboub probability. You will have all the time

you need Lo rininh the tent. Kead {he questions curelully
and answer them Lo the best of your abilily.

Plenee Ly oll Lhe quentions. lHowever, if you find some ques-

1]

tions too hawrd, leave them until you have answered the eacgier

ones. Then jyou muy come back and try the harder ones. Try to

do the best you can.

The questions sre ol two types:

1) 1n the cxperiment of tossing o falr coin,

/

P(lleads)

2) In the cxperiment of tossing a fair coin, RHeads) equals

(4) 1/2 (B) 3/4 (C) 1 (D) none of these

In quections like question 1 you arc %o
crace provided. In questions like quﬂ.n
the letter in front of the correct answex
answer ['or each question.

no

B
io

Circle only cone

Ir. the example questions above, your answers would look like

1) In the experiment of tossing & fair coin,

F(Heads) = %&

2) 1In Lthe erzperiment of itossing a feir coin, P(ieads)

1/Z (B) 3/4 (c) 1 {I) none oi these

Are there any gnestions about what you sre supposed to do?

You may turn the page and begin.

it your answer in the
n you are to circle

cquals
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Suppose you were going to pick a marble out of a bag that
wasg [illed with 10 white marbles, 8 green marbles,
and 4 red marbles.

What is the probability ol picking a green marble?

The face of the spinner below is _divided into 8 equal areas.

What is P(ZL):.

A teacher wrote the numbers 1, 2, 3, 5, 7, 8, 10 on the
blackboard, and said "I am thinking of one of these numbers.”
What is ﬁhe probability that she is thinking of an even |
number? '

There zre 9 possible outcomes for an experiment. The
event "Blue" contains & of the possible outcomes. What
is P(Blue)?

A bag contains 15 marbles. P(Blue) = 1/5. How many
blue marbles are in the bag?

You have a box containing 60 tennis balls. BSome of the
balls are rod and gome are white. 11 you draw a ball
from the box (without looking), P(Red) = 1/3. How many

white tennis balls are in the bag?

If you toss two coins, ZP(at least onc lead) = .

I you Losg Lhree coins, P(at least one Tail) = .
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Consider bthe exporiment of spinning both the spinners below

(Questions 9-174).

Red Vhite

N

Green

e

Spinner 1

Q. Draw the tree diagram
of the experiment.

Tree Diagram

ERIC

Aruitoxt provided by Eic:

N

White

and list

all

the

Green

\_

Spinner 2

rossible outcomes

Qutcomnes
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10. P(at leaslt one Green) =

11. P(exactly one White) =

12. P(at least onc White and no Green) =

List the outcomes in the event "No Blues'".

H
M
.

14. List the outcomes in the event "at least one Red".
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Conasider the experiment of spinning the spinner below twice
e T

in a row. (Quogtions 19-20)

Orange Purple

Yellow

15. Draw a tree diagram showing all possible outcomes of the

experiment.

Trec Diagram Qutcomes




16.

19.

)
C\J e

O

-ERIC

Aruitoxt provided by Eic:

P(ailferent color on each wpin) =

P(no Purples)

146

List the outcomes in the event "ab least one Purple".

Are the two events "at least one Orange'

one Yellow" independent?

and.

"at least

Ave Lhe two events "at least one Orange' and "at least

one Yellow" mutually exclusive?
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Consider the cxperiment of drawing twice from a bag of marbles.
The bag conbaing two red marbles and three bLlack marbles.

(Questions 21-24)

2l. 10 you do nobt put the marble you piclked on the [irst

draw back in the bag before making the second draw, then

P<RaB) = .

22. If you do put the marble you picked on the first draw

back in the bag before making the second draw, then

P(B,R) = .

2%5. If you do not put the marble you picked on the first

_draw back in the bag before making the second draw, then

P(at least one Red) = .

24. If you do put the marble you picked on the first draw

back in the bag before making the second draw,

P(game color on both draws) = .

25. What do we mean when we say that two events are independent?
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26. VWhat do we mean when we say thabt two events are mutually

exclusive’

27. If you toss a coin twice, P(No Tails) = .

28. 1I you toss a coin three times, what is the probability

ol getting three Heads? .

MUILTIFLE CHCICE -~ Circle the correct answer.

2%. An event is a set of
(A) probabilities
(B) experimsnts
(C) outcomes
(D) fractions
(E) none oi thesze

-

30. The number of of the experiment refers to

the nunber of times we repeat the experiment.
(L) outcomes ]
(B) events
(C) dice
(D) trials
(£) nore oi thegme
O

ERIC

Aruitoxt provided by Eic:
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Fach of the 16 dobts represents a
possible oulcome of an experiment.

Assume the outcomes are equally

likely. (Questions 31~35)

51. A pair of events that is independent is

(A) A,DB (B). B,C (C) A,C (D) A,A (E) None of these

32. P(4) =
(4) 4 (B) 1/2 (C) 1/u (

)

) 3/16 (E) LKone of these

3%. P(B and C) =

(4) 3/8 (B) 1/4 (C)' 2/6 (D) 2/16 (E) None of these

34, A pair of events that ic mutually exclusive is

(A) 4&,B (B) B,C (C) A,C (L) A4 (E) None of these

35. F(not-4) =
SR (B) 3/4 (¢) 1/2 (D) 3/8 (E) None of these



Test 1

1. List the possible outcomes of spinning the spinner below.

. 2. & zpinver heo bhe npunbers L Frnoeusrn 10 nrinted on 1t

List the possible outcomes in the event "a nunber less

than 12",

ERIC

Aruitoxt provided by Eic:
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1)

O

ERIC

Aruitoxt provided by Eic:

How many pounible oulcomey are
halow?

——_

ol gpinning Lthe npinner

~.

there lor the experiment

(4) ©

1D the face of a spinner ig all

(&) 1 (B) 1/2 (C) 0 (D)

1{ the probability of Red on a
vwhich of the followirg must be

(&) Spinner might be blue

(C) Spinnor is all red.

A bag has & marbles in it.

black.
P(Red) = P(Black)?
() 3 (C) 4

(4) 2 (D)

How many black marbles must be

1. (E) none of these

hlue P(Red) =

uncertaln

spinner is equal to 1,
true?

(B)

Spinner could have
twe colors.

(D) Tlot sure of the coloxr.
Sonme are rad znd sowmd are

in the bag 1f

.

6 (E) can't tell



7. A bap containg 5 red and 6 green marbles. You pull
one marble out. Alter that, the probability of pulling
oult a red marble is 2/5. The color of the marble you
pulled out ism: |
(L) 1red (B) wgreen (C) could be either red

or green
(D) don't know

8. In the experiment of throying a fair die, P{number

greater than 3) = .

9. A bag contains eleven marbles. The marbles are numbered
1 to 1l. In the experiment of drawing a marble from
the bag, what is the probability of picking a marble with

an even number? .

10. £ bag contzsinz eight marbles. Some ars red and some are

- IR ™0 L ' H P -~ G em s o = (o] 1 + 1
black. P(Red) = 1/4. How manry blsck rmarbles sre in tl

(D) 1 (E) none of these

f‘
=
~—r
[6)
~~
——
el
~
—
(@]
~—
A®]

ERIC

Aruitoxt provided by Eic:



Test 2

Think of the experiment of tossing two dice, a red one and

a white one.

1.

Which of the following are the same outcomes of the

e¥periment?

(&)
(B)
()
(D)
(E)

I. 1T. III._
(6,2) (2,6) (5,1)
I and 11

~II and IV

I, 11, and 'V
I, 1I, III, and IV

None of the outcomes are the samc.

V.
(2,6)

A U4

A\
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Contider Lhe veperiment of spinning both the epinnars helow

(Quusblions 2=0).

White ~ vihite

Green

5. LDraw the tree diagram and liszt all the possible outcomes

of the experiment.




5, P(RMW) = .

4. P(al least onc white) = .

5. P(exactly onc red) = .

6. List the outcomes in the even’ "lo Greens".

7. 1r you toss three coins, P(exactly one Head) =

o

ERIC

. Aruitoxt provided by Eic:
v
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8. 1 you Loss Lhree coins, Plat least two lleadsn) =

9. A bag contains one blue and one white marble. One
marble is removed from the bag and a coin is tossed.

What is P(W,T)?

() 1/4
(B) 3/4
(c) 2/2
(b) 1/2
(E) ©

10. A bag contains % green marbles, 2 Dbluc marbles,'and
1 Dblack marble. Joe draws 1 marble and gets a black
one. He does not put the black marble back in the bag.
What is the probability that the next marble he draws

will be green?

(A) 3/6
(B) 3/v
) 2/6
(D) 2/%
E) o
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= . o
Random Orders ol Key Concepbs l'or

Word Association Testl

1 2
intersection independent
outcome trial
mutually exclusive probahility
trial equally likely
event mutually exclusive
experiment ] owutcome
independent event
equally likely intersection
probability AChKlo
Zero ¢ xperiment

3 :
probability probability
intersection independent
independent trial
equally likely intersection
trial muatually exclusive
experiment experiment
event equally likely
outcomne Zero
matually exclusive outcome
Ze10 : event

O

ERIC

Aruitoxt provided by Eic:
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Random Orders for Concept-Pairs [lon

Paragraph Construction Tests

PC Yest 1

1
experiment - rero
outcome - indepnndent
probability - event
trial - intersection

equally likely - mutually
exclusive

>
equally likely - mutualiy
exclusive '

probability - event
trial - intersection
experiment - zero

outcome - independent

PC Test

1
zero - equally likely
trial - independent
outcome - mutially exclusive
event - intersection

probability - experiment

5
zero - equally likely
event - intersection
probability - experiment
trial - indeperdent
event - intersection

2
outcome - independent
trigl - intersection
experiment - zero
probability - event

equally likely - mutually
ezclusive

4

equally likely - mutually
exclusive

experiment - zero
outcome - independent
probability - event

trial - intersection

2

probability -~ experiment

trial - independent

event - intersection

zero — equally likely -

outcome - mutually eixclusive
&

outcome - mutually exclusive

event - intersection

trial - independent

probability - experiment

zero - equally likely



Appendix B
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Numerical Results of Multidimensional

Scaling Solutions
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Multidimensional Scaling Solution
for Digraph Similarity Matrix

I"inal Configuration Sorted Configurations*
2 Dimensions Stress = .041 Dimension
1 2
Prh. 0.009, ‘ -0.768 Ind. 2ero
Ind. ~1.24%, 0.113 M.E. Pro.
Event -0;261, 0.176 Zero Int.
Zero —0.474, -1.411 Event Exp.
E.L. 1.355, 0.538 Int.. Ind.
Int. ~0.144, _0.527 Pro. Event
 Tr, L 0.454, 0.928 Tr. Out.
Exp. 0.671 ;0.055 Out. | E.L.
M.E. ~0.8%3, 0.797 Exp e M.E.
Out. 0.466, 1 0.209 E.L. Tr.

*

These are the resultant orderings (from negative to
positive) of the key concepts along each dimension
of the multidimensional scaling solution.
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Multidimensional Scaling Solution
for Graph Similarity Matrix

final Configuration Sorted Configurations
2 Dimengions Btress = 005 Dimension
1 2
Prb. 0.%91, -0.486 E.L. Zero
Ind. -0.182, 1.%14 Out. : Exp.
Event -0.022, 0.486 Tr. Prb.
Zero 0.942, -1.265 ' Exp.l E.L.
~E.L. -1.328, ~0.464 Ind. Int.
Int;- 0.506, ~O.l48. Event. - Out. -
Tr. ~0.460, . 0.281 Prb. Tr.
Exp. -0.326, ~0.759 Int. Event
M.E. 0.963, 0.8%1 : Zero M.E.

out. ~0.48H., 0.209 M.E. . Tnd.




flultidimensional Scaling Solution for Sixth Grade
Experimental Bubjects Pretest Mean

Reolatedness Coefflicient Matbrisx
Final Conliguration Scrted Configurations
4 Dimensions Stress = 010 Dimension
1 2 B! AN

Prb. -0.30%, =0.514, <0.354, -0.35% E.L. Zero E.L. E.L.
J ) 3 Sy

Ind. 0.15%, 0434, =0.405, -0.080 Event E.L. Ind. Prb.

Event =0.3%24, 0.262, 0.264, -0.200 FPro. Prb. Frb. Exmp.

Zero -0.162, -0.781, 0.23%6, 0.169 Exp. Out. M.E. Int.

E.L. -0.766, -0.625, -1.01%, -0.701 Zero ZExp. Int. Event

Int. 1.080, 0.233, 0.148, -0.290 IN.E. Tr. Zero '.Tr.

Tr. - -0.058, 0.179, 0.381, -0.102 Tr. Int. Event Ind.

Exp. -0.25%, C.155, 0.556, -0.29% Ind. Event Tr. Zero

M.E. -0.145, 0.372, -0.32%, 0.904 Out. Ind. Out. M.E.

=
k=]
fo
T
b
-
O
ot
o
.

Out.  0.777, -0.215, 0.512, 0.946 Int.
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Multidimensional Scaling Solution [or Sixth Grade
Experimental Subjects Posttest Mean
Relatedness Coelficient Matrix

I"inal Configuration Sorted Configurations
% Dimensions Stress = .038 Dimension

1 2 3
Pro. 0.258, 0.102, 0.0%6 Zero E.L. Int.
Ind. -0.122, .0.979, -0.629 Out. M.E. M.E.
Event -0.223, -0.367, 0.487 . Exp. Event Ind.
Zero -0.89%4, =0.158, -~0.590 "~ Event Zero Z2ero
E.L. 0.810, -=0.973, 0.21% Ind. Exp. Prb.
Int. - 0.759, 0.327, —0;978 Tr. Prb. E.L.
Tr. _ 0.075, 0.555, 0.714 M.E. Out:. Out:.
Exp.  -0.270, ©0.013%, 1.056 Prb. Int. Event

M.E. 0.19%, -0.781, -0.670 Int. TrT Tr.

Out.  -0.585, 0.303, 0.%60 E.L. Ind. Exp.
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Multidimensional Scaling Solution for Sixth Grade
perimental Subjocts Poastteal Median
Relatedness Coellicient Matrix

Final Configuration sorted Configuration
1 Dimension 8Stress = 0.0 Dime?sion

Prb. 2.435 Out.
Ind. ;0.059 Event
Event o =0.595 Ze1o
Zero 0,059 E.L.
E.L. 20.059 | Tr.
Int. 0.298 - Exp.
Tr. - —0.059 - M.E.
Exp. ~0.039" | Ind.
M.E. ~0.0%9 Int.

Out. -1.502 Pro.
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Multidimensional Scaling Solution for Sixth Grade
Experimental Subjects Retention Test Mean
Relatedness Coefficient Matrix

Final Configuration Sorted Configurations
% Dimensions Buress = 056 Dimension
1 2 3
Prb. ~0.386, -0.061, -0.150 E.L. Zero M.E.
Tnd.  -0.468, -0.873, -0.461 Tnd. Out. Zero
Event -0.161, -0.116, 0.731 Prb. Int. Ind.
. \
Zero 0.670, =-0.863, -0.912 - M.E. Event Prb.
AW

E.L. ~1.130, 0.165, 0.399 Event Prb. Int.
Int. 1.5%0, -0.317,  0.104 Out. E.L. Out.
Tr. 0.257, 0.181, 0.512 Exp. Tr.  E.L.
Exp. 0.135, 0.342,  0.574 Tr. M.E. Tw.

M.E. -0.3%0, 0.264, -0.929 ' 2210 L. Erm.,

Qut. -0.116, -0.4869, 0.170 Int.  Ingd.

(97}
L1
P
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Multidimensgional Scaling Solution for Sixth Grade
Experimental Subjects Retention Test Median
Relatedness Coefficient Matrix

Mnal Configuration sorted Configuretion

1 Dimension Stress = .009 Dimegsion

Prb. 0.766 E.L.
Ind. ;O;OEO Zero
Event 0.73%0 Ina.
Zero -1.845 ‘ﬁ.E.
E.L. -1.969 Int..
Int. 0.23%0 1 Tr.
Tr. 0.685 ExD.
Exﬁ. 0..705 Event
Ii.E. ~0.0%0 Out.
Out. - 0.759 Prb.




Multidimensional Scaling Solution for SixhLh Grade Control
Subjects Pretest Mean Relatedness Coefficlient Matrix

1ot

Iinal Configuration

4 Dimenegions

[AF _
Stresgs =

.0

12

Sorted Configurat{ons

1

2

Dimension

P,

4.

Prb.

_0,374,

—'C) .212 9

-0.785,

O.147

Tl“ L3

Int.

Prb.

E.L.

Ind.

0.393,

-0.679,

0.051

Zero

Zero

Ind.

Out.

Event

O [ /-118 9

1.173,

-0.00%4

Prb.

Event

Int.

Zero

Zero

~0.443,

~0.479,

~0.226,

-0.119

- Exp.

Zero

-”, E.L.‘ !

-0.222,

-0.280,

'-0.159, -

-0.745 -

E. L.

) Int;‘

0.795,

=0.711,

~0.612, » 0.375

M.E.

Tr.

~0.8%9,

0.800,

0.432,"

0.159

Ind.

Out..

Out, -

Exp.

C0.U426,

JO-7éba

0.010-

M.E.

Exp.

S Tp, .

“MJ.E.

~0.019,

0.761

Event-

Ext.

Cut.

0.086,

~0.635"

Tnt s

‘Tr. ' Event I
Lo . P N .
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Multidimensional Scaling Solution lor Sixbh Grade Control
Subjects Posttest Mean Relatedness Coeflflicient Matrix

I'inal Conriguration Sorted Configurations
% Dimensions Stress = .05%3% Dimension
. 1 2 3

PI‘ba 00556, —00285, —00731 EaLo ZG‘TO EoL.
I.l’ld- "'O 0016 L) O . 928 b O - 185 E:":‘P . Out . P—L“D .
Event -0.159, =0.364, 1.3%3359 Out. Event Zero
Zero 0.080, -1.077, -0.369 M.E. Prb. H.E.
E.L. = -0.827, 0.154, -0.856 Event E.L. Tr.
Int. . 0.644, 0.396, -0.167 Ind. Exp. Int.
Tr.  0.683, ~-0.547, -0.224 Zero  M.E.  Ind.
e — )

Exp. ~0.506, 0.200," 0.637 FPrb. Int. Out.
M.E.  -0.216, N.348, -0.359 Int. Tr. Exp.
Out.  -0.23%2, -0.847, 0.546 . Tr. Ind. Evant




1.6%)

Multidimensional Scaling Solution for Sixih Grade Control
Subjects Retention Test Mean Relatednes: Coefflicient Matrix

Final Configuration corted Configurai’ons
% Dimencions Stress = 044 ) Dimgnsion 5
Prb. -0.877, 0.59¢, =0.412 Prh. E.L. Zero
Ind. - =0.%59,. .1.023%, 0.1l16 Out. Zero Prb.
Event -0.515, -=0.3%27, 0.63%4 Event Event Int.
Zero -0.%5%0, -0.599, -0.826 | Ind. Ouﬁ. E.L.
E.L. 0.657, -1.459, _o._'2o5 Zero .E. | m.E.
~ Int. 0.8_06, 0.359, -0.382  Exp. Expi Ind.
Tr. 0.454,  0.701, 0.187 Tr.  Int. Tr.
Exp. 0.08%, 0.111, 0.353 M.E. Pi-b.. Exp.
M.E. 0.622, ~0.086, -0.090 E.L. T - Out.

Ouk . -0.52%, =0.323, 0.626 ~.Int. - Inda. = Event
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Multidimensional Scaling Solution for Eighth Grade
Experimental Subjects Pretest Mean

Relabtedness Coefficient Matrdix

170

Final Configuration
4 Dimensions Stress = .028

Sorted Configurations
Dimension

1 2 ] 4
Prb.  ~0.225, -0.214, -1.028, -0.440 Ind. Zero Prb. Out.
Ind. ~0.936, 0.244, 0.061, -0.08% .Prb. Out. E.L. Prb.
Event  0.132, 0.018, 0.880, -0.047 M.E. E.L. M.E. Tr.
Zerq ~0.1%G, -0.948, 0.005, 0.085 Zero Prb. Out. Ind.
E.L}  -0.089, -0.3%02, ,0;747, 50.435 -E;L. .1nt; Zero Eéé;t
Int. 0.5%4, 0.016, _Q¢777, 0.260 Event Bvent Ind. Exp.
Tr. 0.166, 0.961, 0.472, -0.372 Tr. Ind. Exp. Zero
Exp. 0.515, 0.353; 0.2401;/6f054 Out. Ixp. Tr. Int.
M.E.  -0.206, 0.415, -0.43%, 0.955 Exp.._H.E. Int. Z.L.
out. 0.2%8, -Q.554, -0.221, 40.827 Int. Tr. Event M;E;~

. = i
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Multidimensional Scaling Solubion for Eighth Grade
Exporimental Subjects Posttent Mean
Rolatednesg Coel'ficient Malrix

Minal Confipuration Sortad Confifuraticns
% Dimensions  Slress = 051 Dimengion
' 1 2 3
Prb. 0.108, -0.118, 0.043 Tr. Zero E.L.
Ind. 0.521, -0.829, 0.087 Out. Out. M.E.
Event  -0.301, 0.113, 0.153 ».L. Prb. Int.
Zero  -0.006, -1.562, 0.095 ‘Exp. Int. Prb.
E.L. ~0.544,  0.484, -0.774 ~ Event Exp. Ind.
: Int. 1.6%4, -C.115, ~0.194 ‘Zero  Event Zero
CDr. . -0.643,  0.467,  0.422  Pb.  M.E.  Event
Exp.  -0.495, -0{504, 0.563 H.E. Tr.  Out.
M.E. C.339, 0.239, =-0.684 ind; E.L. Tr.

Cut. -0.61%, =0.3%3%,  0.290 Int. Ind. Exp.




Multidimenmional caling Zolution for Eighth Grade
Lzprrimentbal Subjrets Footbent Median
Redatedness Coel'ficient Malrix

Final Configuration ported Configuratiuneg
2 Dimenciona  SBlroon = 010 Bimengsion

1 2

Fib. 0.1%4, -0,118 lra. E.L.

Ind. ~1.228, 0.3%28 M.E. M.E.

Event - 0.135, -0.025 E.L, - Prb.

Zero 0. 104, 1.280 Zzro rvent
0

E.L. ~0.161, -1.383 Exp. Out.

Int. 1.902, 0.299  Tr. Exp.
Tr. . 0.1%2, ©0.052 Prb. Tr.
Exp. 0.129, 0.00% Event » . 1nt.

M.E. -1.208, -0.442 Out. Ind.

Out- . 0-263 L) 0-003 ) In‘t- ZGIIO




Multidimensional Scaling Solution [lor Eighth Grade
Experimental Subjects Retention Tent Mean
Relatednessz Coefficient Matriz

Final Configuration Sorted Configurations
5 Dimensions Stress = .051 Dimension
1 & 3

Prb. Q.0n2, =0.12%, 0.172 2610 Zexro M.E.
Ind. -0.251, -1.040, -0.726 Out:« E.L. Ind.
Event -0.187, 0.118, 0.472 Ind.  Prb. E. L.
Zoro  -1.261, -0.965, 0.247 Event M.E. Int.
E.L. .0.047, -0.627, =0.711 Exp. Out; Prb.
Inft . 1.640, 0.209, 'o 111 Prb. Event Zero
Ty, 0 0.043%, 0.150; 0. 544 | Tr.'  Exp.  Out.
Exp.  -0.058,  C.150, 0.416 - ‘E.L. Tr.  Exp.
Ji-E. 0.3381, 0.021," =0.904 HL.E. “~'111t. . Event
Out. -0.3%9%, 0.026, 0.3579 - Inti . Ind. . Tr.
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Multidimensional Scaling Solution for Eighth Grade
Experimental Subjects Retenbion Test Median
Relatedness Coefficient Matrix

Iinal Configuration ‘BSorted Confipgurations
5 Dimensions Stress = .04% Dimension
5y ' 1 2 3
Prb. 0.108, -0.077, 0.257 Ind. Zero Int.
Ind.  -0.772, .0.653, =0.855 Tr. Int. Ind.
Event . -0.%19, 0.041, 0.40% Exp. Prb. E.L.
Zero .. 0.052, -1.311, 0.672 Event E.L. M.E.
E.I. 0.49%, ~0.012, . -0.762 © Out. - Out. Prb.
Int. 1.069,':—0,577, ~0.912 - zgro Exp. Evept.'
Tr. ~0.361,  0.044,  0.495 - Prb. ‘Event  Out.
Exp. ‘m”-o.BBQ, 0.039, 0.446 © M.E. Tr. Exp.
M.E. 0.379;  1.211, =0.153 E.L; Ind. Tr.

Qut. ~0.319, -0.010, 0.410 Int. M.E. Zero
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Multidimensional Scaling Solution for Eighth Grade Control
Subjects Pretest Mecan Relatedness Coeflficient Matrix

Final Configuration Sorted Configurations
4 Dimensions Stress = .027 Dimension
1 2 3 4

Prb, 0.505, 0.364, ~0.088, -0.3%0 Ind. Out. Zero Tr.

Ind. -0.772, 0.778, -0.548, 0.052 E.L. E.L. Ind. E.I.

Event 0.282, -0.3%27, 0.623, 0.089 4Zero Zero E.L. Ixp.

Zero -0.218, -0.511, -0.716, 0.565 Out. Int. Prb. Prb.

E.L. -0.51%, -0.539, -0.505, -0.57% Exp. FEvent Int. Int.

Int. 0.938, -0.371, -0.0%9, -0.1€0 M.E. [M.E. [.E. Ind.

Tr. 0.071, 0.783, 0.%42, -0.812 Tr. Exp. Out. Event

Exp. . -0.121, 0.743, 0.628, -C.393 Event Prb. Tr. Zero

M.E. .0.013, 0.230, 0.089, 0.988 Prb. Ind. Event Out.

Out. -0.185, -0.750, 0.214, 0.574 Int. Tr. Exp. M.E.
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Multidimensionzl Scealing Solution for Eighlh Grade Control
Subjects Posltest Mean Relatedness Coeflficient Matrix

Yinal Configuration Sorted Configurations
4. Dimensions Stress = .022 Dimension
1 2 5 4

}’.I’_"b. 00098" —O.]?C, OO llljl, O.llo M.E. E.Ln ZOTO OLllao

Event  -0.193, -0.186, 0.63%1, -0.533 Ind. Event Out. Exp.

Zero  -0.048, -0.301l, -1.069, 0.412 Out. Prb. E.L. Int.

E.L. -0.568, -1.090, -0.09-. 0.166 ZEvent Out. Int. Tr.

Int. 1.48%,  0.158, -0.039, =0.017 Zero Tr. I.E. Prb.

Tr. 0.434, 0.043, 0.816, -0.003 Frb. Int. Prb. E.L.

Exp. . 0.236, 0.487, 0.244, -0.450 Exp. M.E. Exp. Ind.

M.E. -0.600, 0.204, 0.075, 0.566 Tr. Exp. BEvent Zero

Out. -0.290, -0.021, -0.198, -0.605 - Int., Ind. Tr. ii.E.




]. I7 l’?

Multidimensional Scaling Solution for Eighth Grade Control
Subjecls Retention Tegh Mean Relatedness Coeflicient Matrix
i _—
Final Configuration Sorted Configurations
% Dimengions Stress = 040 Dimension
1 2 3
Prb. 0.349, 0.07%, ~=0.016 M. L. Zero E.L.
Ind. -0.586, -=0.565, 0.068 Ind. Int. Zero
Event  0.147, 0.068, 0.721 Zero  Ind. M.E.
Zero ~0.474, =1.03%9, -0.85% ~ Out. Event Int. '
E.L. 0.096, 0.572, -0.981 Tr. Prb. Prb.
.Tl’lt. . llg(ag, "'On 664, -00160 EOLO - IVI.E. Ind-
Tr. -0.018, 0.530, 0.319 Event Out. Tr.
Exzp. ~ 0.234, 0.602, 0.942 Exp. Tr.  Out.
M.E.  -0.662, 0.111, =0.849 ~  Frb. ~E.L. Eveit

Out. ~0.385,  0.311, 0.610 Int. Exn.  Exp.




’4'\
Multidimensional Scaling Solubion for Hipgh School
Lxperimental Bubjecltes Proteast Mean
Relatedness Coelfirient Matrix
Final Configuration Sorted Confipuations
4 Dimensions Stress = .03%1 Dimengsion
1 2 3 4

Prb. -0.3%87, -0.586, -0.036, -0.856 Zero Event Ind. Frh.

Ind. -0.141, 0.664, -0.9%2, 0.142 Prb. Prb. M.E. E.L.

Event 0.644, -0.574, 0.547, 0.000 Exp. Zero Int. Tr.

Zero -0.511, -0.540, 0.022, 0.849 E.L.. E.L. E.L. ZEvent

E.L. -0.24%5, -0.540, -0.57%, -0:544 TInd. Out. Prb.. Exo.

Int. = 0.438, 0.556, -0.576, 0.08% M.E. M.E. Zero Int.

Tr. 0.146, - D.3%72, 0.663, -0.4u% Tr. Tr. Event Out.

Exp. -0.274, 0.460, 0.720, 0.025 Out. Exp. Tr. Ind.

M.E.  -0.009, 0.277, -0.598, 0.645 Int. Int. Exp. HN.E.

Out. 0.341, - 0.011, 0.763, 0.107 Event Ind. Out. Zero
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Multidimensional Scaling Solulion Lor liigmh School
Experimentel Subjecks Poslbtost Mean
Relatedness Coefficient Malrix

- Iinal Configuration So:-ted Configurations
4 Dimensions Stregs = .027 Dimension
il 2 7 4
Prb. 0.077, -0.363%, 0.112, -0.048 Zero E.L. Ind. Ind.

Ind. -0.275, 0.4%2, -0.797, -0.697 Oul.. Zero M.E. Int.

Event -0.%263, -0.054, 0.543%, -C.347 Event Prb. E.L. ZEvent

Zero  -1.020, -0.5%4, -0.120, 0.649 Ind.- Event Int. Exp.’

E.L. 0.230, -0.759, -0.536, 0.198 M.E. 1Int. Zero Frb.

Int. 1.294, 0.137, -0.274, -0.686 Prb. Exp. Prb. Out.

Tr. 0.131, 0.370, 0.659,  0.138 Tr. Out. Out. T

Exp.  0.067, 0.151, 0.725%, -0.147 E.L. M.E. Event E.L.

M.E. 0.307, 0.363, -0.611, 0.896 M.E. Tr. Tr. -Zero

Out. —0.449,n 0.217, 0.297, 0.044 Int. Ind,“ Exp; M.E.




Multidimensional Bcaling Solution lor Hipgh School
Experimeatal Subjecels Posttest Median
Relatedness Coeflficient Matrix

Iinal Configuration Sorted Configuration
1 Dimencion Stress = .012 Dimension '

Pro. 0.675 . ‘ Zero

Ind. -1.948 Ind.

Event ©0.588 B . M.E.

Zero . o -1.949 ' o Int.

E.L. | 0.757 S o out.

TTT;“ o ;  1.tO;6O8,-*f.'f‘ f‘V;"'  f’7:? Event -

Exp. . 0.581 . omel s

M.E. S -0.022 . _N“”'3'] ETb5

Out. Cooebse oo - UELL




Multidimennional Scaling Solubion Lo Hipgh School

Exporimentnl Subjects Rebtention Lot Keon

kelatodneas Coel'ficient Matriw

L&l

ffirnl Confipuration

Sorted Configurations:

) Dimensiong Utreos = 0056 Dimension
1 2 3

Priu. -N.%21, =0.140, 0.1%2 Ind. Zero  Ind.
Ind. -0.571, .01568, -0.994 Event Prb. Int.
Event ~-0.%2z, =0.1%1, 0.161 Brb. Exp. Zero
Zero 0.189, -=-1.379, =0.100 Tr. Event Frb.
E.L. —O.l&ﬂ,. 0.78%, 0. 304 Out. Tr. Tr.
Int. l.n.0a8, D140, <0.954 Exp. Out. Out.
Tr. -0.220, -=0.128, 0.157 k.L. Int. Exp.
Ery. -0.31%, =0.13%2, 0.160 Zero M.E. Event
M.E. 0.52%, Q.SMM, 0.955 M. E. Ind. E.L.
Out. ~-0.127, 0.160 Int. E.L. M.E.

"'O' 517’
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Mullidimensional Sealing Solubion foir Hipgh School
Experimental Subjecte Rotention Tersl Median
Relatednens Coefficiont Matrix

Final Configuration ‘ Sorted Confipurations
2 Dimencions Stress = 009 Dimension
1 2

Pru. 1.021, -0.70% Zero E.L.
Ind. -0.0N04, . 0.681 E.L. Zero
Event 0.00G,' 0.64% . Exp. Prb.
Zero -1.579, -0.944 Tr. Int.
E.L. -0.464, -1l 454 Ind. Tr.
Int. 0.714, -0.121 Zvent: ’ Exp.
Tr. -0.176, 0.286 M.E. . M.E.
Exp. -0.2%1., 0.36% ' Out.. 3 Out.
M.E. 0.27¢, 0.616 Int. Iyvent

Out, 0.4%7 0.63%5 1t Ind.




Malbidimenoional Scaling Solution lor High School Control
Subjects Pretent Mean Reloledness Coelficient [Matrizx

Final Configuration Sorted Configuration
2 limensiong Stress = .02 Dimension

\J3
AV]

Fru. ~0.670), JehlE Zvent Zero
1nd. =0.147, 0.022 Prb. E.L.
Event -0.670, -0.761 E.L. Event
Zero -0.623, -1.027 Zero I.t.
E.L. - —0.647, ~0.219 Tnd. Out.
‘Int. 1l.%3%2, =Q.474 Tr. Ind.
Tr. 0.107, 1.165 Exp. Prb.
Bz, N0.127, 1.118 Out. M.E.
M.E. 0.880, 0.551 M.E. Exp.

OUt. 00297, -00091 il‘lt. T"‘.
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Multidimensional Scealing So'lubion for High Dehool Conbrol
Subjects Pootles!l Mean Relatedness Cocoflicient Matrix

Final Conliguration Sorted Configurations
4 Dimensiong Stress = .02Y Dimension
' 1 2 3 4

P‘l’b. _'O-llll, —0.516, —()-006, —0-1)84 I"i.Ea E.L. E.L. E.L-

“lnd.  =0.519, 0.957, -0.138, 0.184 Ind. Oubt. M.E. Prb.

Event ~0.429, —0;036, 0.718, -0.281 BEvent Zcro Int. Exp.

Ze1o 0.219, -0.410, -0.0%7, 1.28% E.L. Prb. Ind. Event

E.L. -0.%29, -0.581, -0.740, -0.6%1 Prb. Event Zero Tr.

Int. 1.252, 0.3%28, -0.250. 0.309 Out. Tr. Prb. Out.

Ta 0.%68, 0.011, 0.290, -0.257 Zero Exp. Tr. Ind.

Exp. 0.2%7, 0.108, 0.417, -0.434 Exp. Int. Exp. Int.

I\’i.E. —O-\ﬂ;f)5, ()-,7)(/)'2, _0-721, 0-1;26 (EI‘- I‘vl.E. OL].t- .’;.E-_‘

Out. -0.079, =-0.463%, 0.485, 0.005 Int. Ind. Ivent Zero
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Multidimensionnl Scaling Solultion for High School Control

Subrjects Retention UWest Mean Relatedness Cocfficient IMatrix

Iiral Configuration Sorted Configurations

% Dimencionss Stress = 037 Dimension

1 2 3
Prh. -0.24%, =0.249, 0.531 E.L. Zero Int.
Ind. 0.768, 1.0%%, -=0.13%4 Event Out. E.L.
Event -0.43%%, =0.118, 0.578 Out. Prb. M.E.
Zero 1.031, -0.815, -0.373 Tr. Int. Zero
E.L. -0.585, 0.03%9, -0.909 Frb. Event Ind.
Int. 0.109, F-O.149, a£l210 Exp. Tr. Prb.
Tr. | -0.252, -0.066, 0.775% M.E. Exp. Event
Exp. -0.160, -0.060, 0.654 Int. E.L. Exp.
M.k, 0.03%2, 2.660, -0.691 Ind. M.E. Tr.

Out. ~0.2515, - =0.277,

<
L ]
~3
851
()
[NS]
o]
)
(@]

Ind. Out.
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Multidimensional Sculing Solution [or Uiph School Conbrol
Subjects Retention Tent Median Relatednens Coefficient HMatrix

I"inal Configuration Sorted Configurations
2 Dimengions Stress = .010 Dimension

1 2

Prh. 0.7%2, 0.551 Zaro E.L.
Ind.  =0.3004, 0,%7% Ind. M.E.
Event: ~C.o Oy 0.568 Event Zero
Zero -1.518, ~0.928 Out. Ouit;.
E.L. 0.975, -1.489 Tre Fru.
Int. 0,224, .71 MJE. Event

Tr. -0.05%&, 0.928 Exp. Ind.

Evp. 0.09%, 0.851 Int. Int.

M.E. 0.05%, -0.951 Frbv. Exp.

Out. -0.21%, -0.221 E.L. Tr.
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Multidimenaional Scaling, Solution lor Paragraph
Conntruclion Data Dizxth Grade Experimental Subjechs

I"inal Confipuration Sorted Configurations
4 Dimensions  Stress = 031 Dimension
] 2 5 4
Prl. 0.24%, =0.251, 0.791, =-0.3%%7 Zero Event E.L. Tr.

Ind. -0.47%, 0.9%32, -0.099, 0.409 Ind. Zero Int. Int.

Event  0.089, -0.709, 0.563, -0.06% Exp. E.L. Zero Prb.

Zero  -0.941, -0.572, -0.52¢, 0.037 Out. Prb. M.E. Event

E.L. -0.046, -0.%515, -0.9%6, -0.023 E.L. M.E. Ind. E.L.

Int. 0.588, 0.0%0, -0.627, ~-0.674 Event Int. Tr. Exp.

Tr. 0.400, 0.495, 0.22%, -0.688 Prb. Out. Out. Zero

Exp. -0.18%, 0447, 0545, 0.011 T Bzp. Exp. Out.

M.E. 0.468,. 0.017, -0.221, 1.118 IMHM.E. Tr. Event Ind.

Out. ~0.14%, 0.12¢0, 0.2%1, 0.261 1Int. Ind. Frb. I.E.
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Multidimensional Scaling Solution for Paragraph
Construction Dota Eighth Grade Experimental Subjects

IMinal Confipuration, Sorted Configurations
% Dimengsions Stress = .060 Dimension
1 2 )

Pro. 0.490, =1.0%2,  0.367 E.L. Prb. M.E.
Ind. -0.102, . 0.662, -0.599 Zero  M.E. E.L.
Event 0.011, -0.1%1, 0.304 Out. E.L. Ind.
Zero =Q.740, =0.%55, 0.174 _ Ind. Zero Out.
E.L. -0.866, =~0.%%0, =0.651 Tr. Out. Int.
Int. 0.993, 0.879, 0.150 Event Event Zero
Tr. ~0.0%%, 0.83%9, 0.705 Exp. Exp. Event
Exp. 0.22%, 0.159, 0.88C M.E. Ind. Prb.
I.E. D ity =0.59%,  -1.10% rri, Ir. e

O
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Multidimensional Scaling Solution for Paragraph
Construction Data Eighth Grade Control Subjects

IMinal Construction Sortoed Configurations
2 Dimensions Stress = .060 - Dimension
' 1 2

Doy, ~0.709, ~0.965 M.E. Prb.
Ind.  -0.967, - 0.066 Ind. Zero
Event -0.098, 0.542 ' Prb. Exp.
Zero 0.995. -0.728 Event Out.
E.L. 0.176, . =0.186 Tr. E.i.,
Int. 1447, 1.061 CErp. Ind.
Tr. 0.058, ' 0.545 ) IE.L. | M.E.
Exp.  0.060, ~0.423 Oout. . Event
M.E. ~1.349, 0.296 Zero {‘Ti.

Out. 0.448, ~0.209 Tnt. Int.
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Multidimensional Scaling Solution lor Pnroagraph

Conglruction Data Hipgh Hehool Experimental Subjects
Final Confipuration Sorted Configurations
% Dimensiong Stress = 036 Dimension
1 2 3
Prb. -0.528, =045, =0.040 Ze1o E.L. Int.
Ind. ~0.1%5,  1.149,  0.182 Pfr.  Int.  Zero
Event 0.097, =0.486, 0.53%2 Pru. Event Exp.
Zero -0.565, =0.071, =0.781 Exp. Prh. Frb.
E.L. -0.103, -1.300, 0.204 | Ind. Zero  Out.
Int. ‘1;101, -0.498, -0.793 E.L. M.E. Ind.
| Tr. -0.547%, 1.02%, = 0.345 Out. but. ~E.L.
Ixp. -0.170, | 0.410, -0.278 Event  Exp. Tr.
671 1.E. Tr.  EBvent

M.E. 0.808, -0.021, 0.6

out. 0.0%8, 0.24%5, -0.00% Int. Ind. M.E.
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Multidimenasional Scaling Solution for FParagraph
Consbruction Data High School Control Subjects

Final Conriguration Sorted Configurations
4 Dimensions  Stress = J075% Dimension
1 2 % L

Prb. 0.117, =0.44%, <0.276, -0.85% Ivent E.L. E.L. Prb.

Ind. -0.53%, 0.912, -0.402, -0.659 Ind. M.BE. Int. Ind.

Event -0.6%8, -0.5%30, -0.03%3, -0.21% Zero Event Ind. ZITxp.

Zero  -0.364, 0.041, 0.744, -0.151 E.L. Prb. Prb. Event

E.L. -0.17%, -0.692, -0.681, 0.388 Tr. Int. Tr. Zero

Int. 0.6%4,  0.017, —0.476, 0.230 Frb. Zero Event Out.

Tr.  -0.140, 0.689, -0.268, 0.437 Out. Exp. Exp. Int.

Exp. 0.48%, Q.356, 0.511, -0.33¢ M.2. Out. NM.E. E.L.
et - ~ ey - n -

M.E. .42, ~L.2%2, G.A43c, l.lzeg Eqp. T, Qut. Tr.

Out. 0.1%%, C.362, 0.g4%, 0.01¢ Int. Ind. Zero N.z.

*
Unable to obtain a stress
spaces

A
&)
(o))
&

in 1 to 5 dimensional
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Appendix C

Median and Mean Relatedness
Coefricient Matrices

Qo
ERIC
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The upper trianpular porbtion of cach mutrixz reported
in this soeelion in Lhe upper btrianguloar portion of a medimn
RC matrix. The lower triangular portion of cach matrix
corresponds to the lower triangular portion ol a mean RC
matriz. (Note that every median/mean RC matrix is symmetric.)
Diagonal elementn of cach median/mernn RC matrix are 1.0, but

are deleted in this section flor clarity of presentation.

Abbreviations used in this Appendix
P, = Probabhility

I. = Independent

Ev. = Event

Z. = Zero

E.L. = Equally Likely
In. = Intersection

CTr. = Trial
Eﬁp. = Expefiment
M.E. = Mutuaily Exclusive
Out. = OutCOme_ B




P,
I.
Ev,
Z.
E.L.
In.
Tr.
Exp.
M.E.

Out.

Sixth Grade Experimental Subjects Fretest
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p.: 1. kv, 2. E.L. L. Tr., Exp. M.E. Qut.
0 0 0 0 0 0 0 0 0
048 0 0 0 ) 0 0 9) 0
0Ld 063 0 0 0 0 0 0 0
060 036 044 0 O 0 0 0 0
06l 034 0%3 032 0 0 0 0 0
033 045 030 032 024 0 0 0 0
058 062 083 05% 026 043 0 0 0
one  0u9  ovh 081 027 038 118 o) n
028 OAL 037 029 024 N2y SR N33 0
031 033 N350335 021 035 031 031 0%%
Sixth Grade Experimental Subjects Poszttest
P, 1. Ev. Z. E.L. In. ir. Exp. M.E. Out.
0. 058 0 0 0 0 0 0 056
122 “ 0 0 0 0 0 0 0
148 064 0 0 0 0 0 0 154
o078 077 195 0 0 n 0 0 0
1%2 050 0u2 0Nk 0 9 N s 0
084 084 OC6 070 068 ) 0 0 0
1 078 20% Q57 0GR Q60 104 N 0
114 0S5 247 C69 067 o44 291 0 C
079 070 075 076 087 077 061 064 )
169 070 23 0% 066 063 141 178 068 |




Sixmbh Grade bzperimental Subjects Fetention

P. I. JOLR 2. B.L. In. T Exn, M.l Out.

P. O 167 oM 0% 0 118 222 0 309
I. 197 0 0 0 0 0 0 0 0

Ev. [208 092 0 0 O a1l 148 0 185
7. 130 087 (gt 0 0 0 0 0 0

E.L. |206 1%6 1% 077 0 0 0 0 0

In. |oss 069 0y 103 066 0 0 0 0

Tr. | 212 130 2535 098 14% 100 ey, 0 123
Exp. {216 109 271 081 111 090 %60 0 167
M.E. | 154 155 100 093 104 &6 (YN 102 0

Out. |2s¢ 114  2an 101 122 G9% 20 219 140

Sixth Grade Control Bubjects Pratezt

P. Iu EV. ZI EuLu I]ll 'l‘I‘. E:’:pl PI-'E- OLIJC-

P. 0 o 0 0 0 0 0 0 0
I. 027 0 0o 0 0 0 0 0 0
Ev. o 002 0 0 0 o 0 0 0
Zz. - |03 020 010 0 C 0 0 0 0
E.L. {032 015 007 046 0 0 0 0 0
In. |02% 022 003 017 010 0 0 0 0
Tr. | 008 007 005 012 009 0 0 0 0
Exp. | 010 00% 031 OL7 0l4 002 050 | 0 0
M.E. |02% 030 010 022 008 026 004 Q17 0
out. 021 025 013 029 042 004 OlO 026 021
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Bhakh Grade Conbrol Bubjecls Ponbbaerel,

b, 1. v Z. K, L, in. Ti, Lo M.E, Qulb .

P. Q 0 0 0 0 0 0 0 0
1. epig 0 0 0 0 0 0 0 0
Lv. 00 016 0 0 §] () 0 O 0
Z. onE 017 018 0 ¥ 0 0 o 0
E.L. 027" 0513} 010 050 O 0 Q ) 0
in. 038 038 011 026 036 0 0 ¢ 0
Tr. o2 049 0zZO 017 028 o7C 0 0 0
Exp. 021 o2 041 0Ole 031 037 03% 0 0
M.E. 054 onn o n12 e 055 Ohe Oy O6H 0
Out. 035 018 04l 050  020. 022 01% 041 026

Sixth Grade Corntrol Ss Retention

P. 1. Ev. - Z. E.L. In. Tr, ExD. 1.E. Out.

P. | | 0 0 0 o 0 0 0 0
1. |os2 0 0 0 o B} 0 o 0
Ev. 0%9 033 0 0 o 0 0 0 0
Z. |o28 oz2u ouz - 0 o 0 0 0 0
E.L. 005 0  02% 031 0 0 0 0 0
In. | 020 028 026 028 020 0 0 0 0
Tr. 0% 049 0%%5 026 011 068 0 0 0
Exp. |O44 Ca7 033 (30 020 oty CoN 0 >
M.E. {040 035 ©3%% 028 045 062 051 O77 0
Out. |043 Q3% 103 036 Q2% 024 Ok D82 037
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Eiphth Grade Bxperimenlal Subjects Probost

P ) . BV b Bl Lue - . vpe  MJE. Qut, .

P. 0 0 0 0 0 0 0 0 0
1. 017 0 0 0 0 0 s} 0 0
Ev. 0% 0l4 0 0 0 0 0 0 0
7. 0 020 Ol 0 0 0 0 0 0
E.L. | 046 016 006 027 0 0 0 0 0
in. 005 007 Q oL 008 0 0 0 0
Tr. 005 016 040 002 00y 0 0 0 0
Exp. | 008 016 047 ¢l2 019 0 182 0 0
M.E. [ Ccoy 012 008 006  O5% 005 009 010 ¢
Out. | 030 006 0ly O42 017 006 CO7 ° Olh 002

Eighth Grade Experimental Subjects Fosttest

P. 1. BEv. Z. E.L. In. Tr. Exp. ri.E. Cut.

P. | 136 414 059 179 008 205 251 097 210
I. 184 055 0 005 O 0% 0% 183 o
Ev. |352 156 0 034 0 4ln 498 058 261
7. 111 086 092 0 0 0 0 0 0
E.L. |218 103 141 067 0 0 073 120 0
In. 125 091 086 077 067 0 0 0 0
Tr. ou48 111 410 - 071 138 080 666 066 258
Exp. |27% . 110 434 099 124 080 606 07% 255
M.E. |1ag 203 172 o088 128 131 13%0 137 © 028
Out. |249 095 326 124 113 7% 276 293 133




108
Eighth Grade Beperimentsl Subjects Boetention

P. 1. bv. 4. E.L. 1ln. T, Ixp. M.E. oul .

P. 168  31% 090 239 122 350 319 130 283
i. 206 L30  0l% 064 02 09N 172 094 095
Ev. %2% 170 052 107 0 NG5 514 120 520
Z. 160 099 159 0%9 0 070 076 018 095
E.Lo | 25 170 196 152 0 0b6 191 250 114
In. 165 121 125  07% 129 0% 020 023 0
Tr. 554 162 439 143 145 145 712 081 Y
Exp. | %37 198 487 167 194 15 62% 138 508
M.E. | 206 188 204 124 251 139 180 203 075
Out. | 314 160 468 192 191 11% 408 433 218
. Eighth Grads Control Subjects Pretest

‘ P. L. Ev. 4. E.L. In. Tr. Exm. [.E. Cut.
P. . o 0 . o0 0 0 0 0 0 0
1. |o19 o 0 0 o. 0 0 0 0
Ev. 030 016 0 0 o 0 0 0 0.
Z. 017 022 017 0 0 0 0 0 0
E.L. | 026 023 025 030 0 0 0 0 0
In. o040 011 034 029 018 | 0 0 0 0
Tr. 0%% 021 028 009 017 018 070 0 0
Exp. | C43 021 035 012 029 019 200 0 0
M.E. {023 026 030 0% 012 - 019 .0l4 023 0
Out. | 028 , Ol4 032 042 027 024 012 025 030




l()(')
Biphth trade Control Subjocts PostLoesl

P. 1. Ly, %o E.L. in. M. Exp. M. E. Oul.

P, 0 0 0 0 0 0 0 0 0
L. 0 0 0 0 () 0 0 0 0
Ev. | 098 o6l 0 0 0 o 051 0 0
7. 08, 096 0Uy 0 0 0 0 0 9
E.L. | 095 059 070 070 0 0 0 0 0
In. | 086 052 060  OBA  Qul 0 0 0 0
Tr. | lo4 061 141  06% 063 071 381 0 0
Exp. | 143 077 166 064 080 O3 s47 0 0
M.E. | 105 101 021 066 OBYS  Oha 090 GEY o
Out. | 127 - 06% 141 065 072  CE2 7% 104 69%

Eighth Grade Control Subjects Retention

P. I. Ev. 7. E.L. In. Tr. Exmp. M.E. Out.
P. | 0 0 o 0 0 0 0 0 0
I. 118 0 0O 0 o 0 0 0 0
Ev. | 163 105 0 0 0 014 167 0 008
7. 080 117 068 0 0 0 0 0 0
E.L. | 136 083 079 087 0 0 0 0 o)
In. . | 089 066 080 075 062 0 0 0 0
Tr. 138 096 208 069 088 075 317 0 Q
Exp. | 133 085 216 052 070 033 345 C 0
M.E. | ©23 124  0B& {30 116 0687 105 (083 0
Out. | 124 102 171 7% 0353 C6% 184 161 Loz
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High School Experimental Subjecls Preotest

P. I Ly, Z. L. L. In. Iy bxp. M.E. OQut.

P. | 0 0 0 0 0 0 0 0 0
I. Q04 0 0 0 0 0 s) 0 0
Lv. 0 0 0 0 0 0 0 0 0
7. 005 007 015 0 0 0 o 0 0
E.L. | 144 030 016 019 0 0 0 0 0
In. 009 041 0 Ol4  0%6 0o 0 0 0
Tr., 028 005 04O Ol 025 0 231 0 0
Exp. 20 010 oz2 0 011 0%7 230 0 0
M.E. 0 o42 005 O 030 051 Qo4 031 o
Out. | 017 Q05 (0% 015 Q0% . Q19 Quz o4l Ceh

High Scheool Ixperimental Subjects Posttest

P. I. Ev. Z. E.L. In. Tr. - BExp. M.E. Qut.

P. | 059 230 093 252 0 138 183 0 254
I. 035 0 0 o o 0 0 o 0
Ev. | 220 089 0 0 O 278 338 0 278
Z. 122 O41 080 - 058 0 0 0 0 0
E.L. | 255 075 098. 080 .0 0 0 0 0

© In. 100 056 042 031 057 0 0 0 0
Tr.” | 160 052 318 092 061 051 680 0 178
Exp. | 254 078 371 052 07% 049 589 0 267
M.E. | 082 073 0% 069 133 o4l 090 063 0
Out. | 236 087 344 101 094 048 228 229 080




Hiph School Exzpordmental Subjecto

e Lention

201

P. 1. By, Zie E.L. In. T Fwp. M.E. Out .
0 166 o4% 250 0 300 244 0 316
0y 0 0 099 0 0 0 0 0
292 09% 0 1%% O 616 93 0 Gl
111 026 0O7% 0 0 0 0 0 010
191 111 196 036 0 ¢ 0 111 095
on8 OV 010 CLl 069 0 0 0 0
269 117 532 075 193 05 DO 0 504
°3% 116 558 076 172 049 71l 0 567
097, 06l 141 060 150 ous 119 080 0
%61 140 514 137 229 068 439 506 11%
[
High School Control Subjects Pretest
P. 1. Bv. 2. E.L. in. Tr. Exp. M.E. Out.
0 o 0 0 0 0 0 o- 0
o 0 0 0 0 o 0 0 o
0 0 0 0 0 0 0 0 o}
0. o021 0 0 0 o 0 0 0
- 041 0 0 0 0 0 0 0 0
016 019 006 010 013 0 0 0 0
050 0 9) 003 0 009 0 0 0O
0% 0 OLL 0 006 012 116 0 0
0 086 0 0- 011 0 0 0 | 0
0253 0 090 0 0%1 020 0 040 0




Hiph School Control bubjectn Postlest

P. 1. By . Z. L. L. in. . Exp. M.E. Out .
P. 0 0 0 0 0 0 0 0 0
I. 080 . 0 0 0 0 0 0 0 0
. 102 oul 0 0 0 0 0 0 0
Z. 021 020 020 0 0 0 0 0 0
E.L. | 119 020 026 010 0 0 0 022 0
In. O 017 O 028 006 0 0 0 0
Tr. 154 oup (98 031  O43 0 4:8% 0 0
Exp.. | 117 048 106 020 046 o 4ll 0 o3
M.E. | 025 084 025 033 Q73 022 035 027 0
Out. | 120 037 132 045 060 O 104 111 035

High School Control Subjscts Retention

P. 1 Ev, 7 E.L in. Tr. Exc. .E. Out.
P o 191 0 0 0 19y 191 0 143
1. | o029 0 o 0 00 0 043 0
Ev. | 2s5  oo7 0o 0 0 311 476 o 283
Z. ou6 023 022 o4 028 O 012 039 . O
E.L. | 067 .. 023 079 039 022 .0 005 168 0
In. 031 038 006 067 107 0 o 037 0
Tr. [ 313 0 318 017 048 0 548 0 122
Exp. | 263 O 395 035 041  O45 487 0 179
M.E. | 086 160 090 038 175 096 044 059 0
Out. | 254 011 253 006 Q45 C 280 265 Q20




