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ABSTRACT

The purpose of this study was to investigate the relation-

ships between the mathematical problem solving performance of

fourth-grade children, their attitudes toward mathematical problem

solving, their teachers' attitudes toward mathematical problem

solving, and related sex and program-type differences.

1

Three instruments were used to gather data. The 22-item

mathematical problem solving test (Romberg & Wearne, 1976) provides

a measure of comprehension, application, and problem solving for

each item. The 367litem student mathematical problem solving atti-

tude scale and the Similar 40-item teacher scale have Likert-type

formats and were developed by the investigator.

During the fourth monEh. of the 1975-76 school year data were

gathered for Part I of the study from 30 fourth grade classes in

13 southern Wisconsin schools. Fifteen of the classes were using

Developing Mathematical Processes (DMP); the remaining 15 were

using standard maihematics textbook series.

Both students and teachers possessed favorable mathematical

problem solving attitudes. The DMF students performed significantly

better than non-DMF students on the fir:It two parts of the problem

16



solving test; no significant differences in performance' were observed

on the third part. Rather stable,and significant positive corre-

lations were found betweep student problem solving:Performance and

student problem solving attitude. Significant negative correlations

found between DMP teacher problem solving attitude and mean student

performance were judged an artifact of the non-random sampling f.

classes for the study. No significant sex-related differences were

found in any of the data.

The design of Part II of the study was based on the cross-

lagged panel correlational technique of Campbell and Stanley (1963).

During the seventh month of the 1975-76 school year the 15 DMP

classes participated in a second round of problem solving testing.

An intervening "treatment" period between the first and second

testing times involved instruction in selected DMP topics. Part II

attempted to determine the direction of effect between teacher

problem solving attitudes and student problem solving attitudes

and performance.

Cross-lagged panel correlations indicated that initial student

performante seemed to have a greater effect on finat teacher attitude

than initial teacher attitude had on final student performance.

However, initial teacher attitude seemed to have a greater effect

on final student attitude than initial student attitude had on

final teacher attitude.

Major Professor 41/11-J

xvi
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Chapter 1

INTRODUCTION

One of the goals of education in a democratic society is to

produce citizens capable of intelligent, independent thought.

Citizens must be able to tackle, cope with, and see problems

through to reasonable, if not logical, solutions. Educators

continually strive to achieve that goal within their respective

disciplines. In elementary and secondary mathematics education

in the United States, the attainment of that goal has been

bolstered by a large and sustained curriculum reform effort

during the past two decades. This curriculum reform movement

has included a number of experimental programs concerned with

the development of new methods of teaching mathematics. Under-

lying both the curriculum reform efforts and the teaching

experimentation has been the belief that mathematics is not

something which is passively learned, but is something which

people do. Specifically, mathematics is chiefly concerned

with the solving of a large variety of problems.

The investigation of problem solving, and of related and

influencing factors, has occupied a great deal of the time

and energy of educational researchers. Many variables have

1
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2

been presumed to be related to the activity necessary for success in

solving problems. Among these variables are attitudes, values,

interests, appreciations, adjustments, temperament, and personality

(Stern, 1963). These variables often have been termed noncognitive

to contrast them from those associated with measures of intelligence,

aptitude, achievement, or performance which, typically, are referred

to as cognitive variables. The purpose of the study reported in

this paper 14as to investigate the relationships between selected

noncognitive factors and the mathematical problem solving performance

of fourth grade children.

OE the vast number of psychological investigations which have

studied problem solving, only a small number have concentrated on

mathematical problem solving. Kilpatrick (1969) has remarked that

the topic of mathematical problem solving has not been investigated

systematically. A close examination of the problem solving research

in elementary school mathematics shows a diversity of types of

investigations and conflicting results (see Riedesel, 1969;

Suydam, 1967; Suydam & Weaver, 1971-75).

However unsystematic their methods of attack, researchers

continue to investigate problem solving for a variety of reasons.

Dodson (1972) summarizes some of these reasons:

Appropriately, then,researchers have been S'timulated
to investigate problem solving to gain a better-under-
standing of the nature of effective problem solving,
to determine the effects of problem solving on student
attitudes, to find methods for improving problem-solving
ability, to learn more about how problem-solving ability

19



3

Ls acquired and how the cognitive processes are involved,

and to determine the correlation of student characteristics

and classroom characteristics with the ability to,solve-

problems [p. 2].

The study reported here was directed toward several of these purposes

noted by Dodson and is one in a series of closely related problem

solving investigations undertaken at Elle University of Wisconsin

(see Zalewski, 1974; Meyer, 1975; Schonberger, 1976; Wearne, in

preparation).

The Nature of the Problem

Because the development of pupils' ability to solve problems

is one of the primary'goals of elementary mathematics instruction,

educators continue to seek info'rmation about the nature of this

ability; it has commonly been assessed by students' achievement

on written problem solving tests,. Clues regarding those noncognitive

factors which many influence problem solving performance may be

obtained by examining some of the factors thought to influence

overall mathematics achievement.

First, students' attitudes toward a school subject are thought

to affect their achievement in that subject. Likewise, educators

believe that teachers' attitudes toward a subject can influence

their students' attitudes and achievement in that subject. Research

findings have sometimes been inconsistent and inconclusive in these

areas, but, typically, show the existence of low, positive cotrelations

between student and teacher attitudes toward mathematics and student



achievement in mathematics (See Garner, 1964; Torrance, 1966;

Wess, 1970; Phillips, 1973). These results also pose the some-

what traditional problem of cause and effect. Do teachers'

attitudes cause student attitudes, or is the effect, perhaps, in

the other direction?

Just as an individual's overall mathematics achievement

consists of a composite of his or her achievement in several areas,

a reasonable conjecture is that a student's attitude toward mathe-

matics is a composite of certain aspects of mathematics such as

computation and problem solving. But researchers have tended to

use single, global measures of attitude ,toward mathematics rather

than investigating attitude toward only one phase of the discipline.

Lindgren, Silva, Faraco, and Da Rocha (1964) did use a measure of

problem solving attitude, but correlated the attitudinal results

only with arithmetic achievement and not with problem solving

performance. The study reported here examined the relationships

between measures of both student and teacher problem solving atti-

tudes and student performance in mathematical problem solving.

Though research findings are varied, there is evidence to

.suggest the existence of sex-related differences in mathematics

achievement, In a recent review of literature, Fennema (1974)

concluded that no significant differences between boys' and girls'

mathematics achievement are found during the early elementary school

years; however, in.the upper elementary school years significant

21



differences are sometimes found and tend to favor boys when higher

level cognitive tasks are measured. In a recent investigation of

selected cognitive factors and problem solving, Meyer (1975) found

no significant sex-related differences among fourth grade students

on any of the three parts of the problem solving test used in her

study. Another study by Schonberger (1976) investigated sex-

related differences in seventh-graders' performance on tests of

visual spatial abilities and mathematical problem solving. Schonberger

found significant differences favoring boys on one problem solving

subtest of three administered. These varied findings suggested

investigating sex differences as an influencing factor'in the pre-

sent study of mathematical problem solving performance and attitudes

and suggested that the study be conducted with upper elementary

school students. In addition, some attitudinal research suggests

that attitudes toward mathematics are formed during the intermediate

grades (Fedon, 1958; Stright, 1960; Callahan, 1971). Therefore,

fourth grade students and teachers were judged to be appropriate

subjects for the study.

Whenever an emerging curriculum product begins to receive

widespread implementation in schools, the developers of that

product become interested in the comparative learning effects of

their product with existing products. For a number of years,

the Analysis of Mathematics Instruction Projedt at the,University

of Wisconsin Research and Development Center for Cognitive Learning

22



has been developing a new elementary mathematics program called

Developing Mathematical Processes (DM?) (Romberg, Harvey, & Moser,

1974, 1975, 1976). The DMP program is research-based and utilizes

an activity-oriented approach to the teaching and learning of

mathematics in grades K-6. One of the basic goals of DMP is the

development of mathematical problem solving skills and processes.

As a DMP staff member, the author has worked in recent years with

a number of teachers and students in DMP schools and has been

impressed by the manner in which DMP students attack problems and

by the positive affect which both students and teachers seem to

possess with regard to the DMp program (Montgomery & Whitaker, 1975).

Therefore, the sample for this study involved students and teachers

who had participated in the large-scale field test of DMP. And,

for program comparative purposes, a non-DMP sample of students and

teachers was included in the study.

Key Terminology Used in the Study

The rather complex nature of the concepts of problem solving

and attitude necessitates that each be defined in a manner which

adequately characterizes the concept. At the same,time,' the

definition must permit a reasonable and practical means of

assessLng the concept.

Thus, for this study, a problem is a situation which presents

an'objective that an individual is motivated to achieve, but for

23



which he has no immediate procedures to arrive at that objective,

(Zalewski, 1974). The situation in each problem is mathematical

in nature. Problem solving is the process of analyzing a situation

posed in a problem, producing a procedure for solving the problem,

using that procedure, and achieving a solution to the problem.

Mathematical problem solving performance is represented by a score

on a mathematical problem solving test.

Because of the complexity of the attitude construct,researchers

seldom talk about "measuring an attitude." Rather, they use pro-

cedures to measure a particular property of an attitude, such as

direction, magnitude, or intensity (Scott, 1968). As used in this

study, the term attitude is the predisposition of an individual to

evaluate some symbol or object or aspect of his world in a favorable

or unfavorable manner (Katz, 1960). In particular, attitude toward

problem solving is the predisposition of an individual to evaluate

factors related to mathematical problem solving in a rel4tively

favorable or unfavorable manner and is represented by a score on

an attitude scale.

The Questions of the Study and Their Significance

Brownell (1942) called a problem solving attitude a desirable

educational outcome, and something possible of development. Several

years later Carey (1958) found that it is possible to develop an

instrument to measure attitudes toward problem solving. The first

two questions that this investigation was designed to answer pertain

24-



8

to the kinds of,attitudes possessed by the'subject of the study.

Questions ancillary to the main questions of the study are included

in italics immediately following each numbered question..

Questift 1: Do fourth grade students have favorable attitudes
toward problem solving?

Do differences in attitude toward problem solving
exist if students are classified by sex?

Do differences in attitude toward problem solving
exist if students are classified by mathematics
program type: DMP versus non-DMP?

AQuestion 2: Do fourth grade teachers have favorable attitudes
toward problem solving?

Do differences in attitude toward problPm solving
exist if teachern,um clasoified by type of
mathematics program taught: DMP versus non-DMPF

Since attitudes are generally regarded as learned predispositions

of an individual to evaluate some symbol or object or aspect of his

world in a favorable or unfavorable manner, it is reasonable to

assume that those who have a strong influence on an individual will

help mold his attitudes. Therefore, before further analyses could

be undertaken in the present study, it was nlcessary to determiae

the problem solving attitudes of both the students and teachers who

participated in the study. Mathematics educators desire that students

and teachers hold favorable attitudes toward all phases of the school

program, and so the findings of the study with regard to this question

help to determine if such is the case. If differences in attitude

exist according to sex of the students or type of program studied,

then these findings suggest a basis for future investigations intO

2 5



9

the causes of such differences. Questionsp6 and 7 of this study are

designed to provide information regarding the dir'ectional relation-,

ships between problem solving attitudes and problem solving per-

formance.

Of major importance to three remaining questions of the study

is the problem solving performance of the students in the study.

Question 3 deals with that issue.

Question 3: How do fourth grade students perform on a test

of problem solving performance which provides

measures of comprehension, application, and

problem solving?

Do differences in problem solving performance

exist when students are classified by sex?

Do differences in problem solving performance

exist when students are classified by mathe-

matics program type: DMP versus non-DMP?

Heretofore, most tests of problem solving performance have

provided a total score intended to reflect a measure of each student's

ability to solve problems. However, single total scores are inadequate

when attempting to explain the reasons why some students are successful

at solving a set of problems and others are not. For example, single

total scores cannot identify those students who are able to compre-

hend the information given in a problem, but who are unable to apply

the information and thence solve the problem; nor can single total

scores identify those students who comprehend and apply the information

but do not complete the solution of the problem. The problem solving

test used in this study was designed to overcome such inadequacies

26
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(see Romberg & Wearne, 1976). It prcdes a measure of comprehensioii,

application, and problem solving for each item included in the instru--

ment. Because of the unique design of this test, it is possible to

identify, with some degree of accuracy, those students who are

problem solvers and those who are not problem solvers. As stuaents'

problem solving performance is examined, the existence of sex-related

differences provides information valuable for future research in-
a

westigations regarding catpation. program-related differences provide

evidence upon which to base con-clusions regarding the desirability

of alternative programs of instruction and also provide clues re-

,

garding potential program-specific experimentation. Differences

of either type contribute tO a better undergtanding of the natnre

of factors which influence prob:l.em solving performance.

Merely assessing attitudes toward problem solving is An in-

sufficient rationale to justify an extensive research investigation

unless there is some reason to suspect that these attitudes are

related to performance. The fourth and fifth questions of the
e

study pertain to that relationship.

Question 4: What is the relationship between fourth grade
students' attitudes toward problem solving
and their performance in problem solving?

.
Do differences in this reZationship exist if
students are classified by sex?

Do differences in this relationship exist if
students are classified by mathematics program
type: DMP versus non-DMP?

2 7
-
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Question 5: What is the relationship between fourth grade
teachers'. attitudes toward problem solving
and their students' performance in problem b

solving?
, 4

Do differences in thi'S relationship exist if

students are classified- by sex?

Do differences in elis relationship exist if

students are classified by mathematics program

type: DMP versus non-DMPT
4'

As noted earlier, research findings generally have indicated

low positive col-relations between teacher and student attitudes

toward mathematics and students' performance in mathematics at the"

elementary school, level. However, past studies have not examined
f

the relationship between attitude and performance in a single phase

of the mathematics curriculuM such as problem solving. The findings

of this study with regard to Questions 4 and 5 provide insights fnto

these'relationships. If problem solving attitudes and problem solving

performance are highly related, then research into other specific
-

phases of the curriculum is mandated; for example, an investigation

of the'relationship between performance in computational skills and

attitude toward computation. If sex difference's exist in this

relationship; that information prOvides clues for future experiments

regarding causation. The existence of program-related differences

provides clues regarding program effectiveness in the areas of

problem solving performance and problem solving attitudes.

A rather generally held belief among educators is that teacher

attitudeand effectiveness in a particular subject are important

te, 28
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determiners of student attitudes and performance in that subject.,

(Aiken, 1969). However', reearch findings pertaining to this

belief have not been definitive. The last two questions of the.

study are directed at this cause-effect relationship:

Question 6: Do fourth'grade teachers' attitudes toward
problem solving affect their students'
problem solving performance or is the
effect of the opposite nature?

Do differences exist when students are
classified by sex?

Question 7: Do fourth grade teachers' attitudes toward
problem solving affect their students'
attitudes toward problem solving or is the
effect of the opposite natute?

Do differences exist when students are
classified by sex?

The findings of the study relative to Questions 6 and 7 contribute

to the extant knowledge regarding the relationships between

attitudes and performance. There is reason to suspect that

students' attitudes and performance might well affect teachers'

attitudes, instead of the relationship being onry in the other

direction: 'It is important, then, to gain information onovhich

siburce--the teacher or the student--has the greater effect on

the other's attitude and performance. Simple correlational

procedures cannot answer this question. However, the cross

lagged panel correlational technique (Campbell & Stanley, 1963)

used for thLs part of the study provides;informationuregarding the

direction of the relationship between problem solving attitudes

,
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'and performance. If answers to the ancillary queries related to

Questions 6 and 7 are significantly different for the two sexes,

this evidence suggests the need for further research regarding

causes of such differences.

The answers to the questions of the study can provide educators

with additional information concerning the relationships between

students' attitudes and performance in mathematical problem solving

and the attitudes-toward.problem solving of their teachers. Addition-

ally, findings ofsex-related differences can contribute to the

growing body of knowledge regarding such differences in the learning

and teaching of mathematics. The existence of program-related

differences may suggest a need for modifications in existing

etbmentary mathematics programs with respect to content and

methodology. In any event, the findings of the study contribute

to a better understanding of the nature of the problem solving

prcbcess.

The research literature related to the study is diScussed

in1the next_chapter. Chapter 3 describes the design of the study,

an Chapter 4 discusses the constuction and pilot test of,the

instruments Used in the study. Chapter 5 reports the conduct

of the study, and the analysis and interpretation of the data

are1summarized in Chapter 6. The conclusions,of the study are

given in Chapter 7 along with recommendations Ior future research.

30



Chapter 2

REVIEW OF RELATED LITERATURE

The study reported in this paperjnvestigated the relation-

ships between several curric4um variables t the elementary

school level. The main variables of interest were the mathematical

problem solving performance of fourth grade children, their mathe-

matical problem solving attitudes, and the mathematical problem

solving attitudes of their teachers. Ancillary variables were

sex of the student and type of mathematics program studied. This

chapter will discuss the literature pertinent to the investigation

and is divided into thiee parts. First, an overview of relevant

problem solving literature is given. This is followed by a

discussion of attitudinal research, and the chapter ends with

a section that Summarizes those studies which have particular

significance for an investigation of mathematical problem solving

performance and mathematical problem solving attitudes.

Part I: Problem Solving

Human beings spend a great deal of their time in the activity

known as problem solving, and so it is not surprising that in-
,

vestigations of problem solving have occupied the time and 'energy

14
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of psychologists, educators, and mathematicians for many years. .

Investigators have examined the many facets of problem solving,

including solution styles and processes, problem types, internal

and external conditions, and factors affecting problem solving

performance. Some individuals have proposed formal models for

problem solving (see Polya, 1943; Hadamard, 1945; Gagne, 1966).

Comprehensive general reviews of problem solving theory and research

by Davls (1966) and in the volume edited by Kleinmuntz (1966) attest

to the large number of problem sdlving investigations which have

been conducted.

Unfortunately,.a great deal of the research conducted in the

name of problem solving has been inconclusive, and the results are

_ .difticult to snythesize. Lticas (1972) cites some of the difficul-

ties which are encountered as past problem solving research is

analyzed:

Consequently, the pertinent literature of psychology and

education is replete with semantic ambiguities, isolated

task situations, inferences from observables to unobservables,

lack of consolidation of research effort, and a host of other
characteristics which serve to retain in a somewhat primitive

state a field which has been considerably researched. This

is not to deplofe the existing state of research on problem

solving, but rather to point out that the complex nature

of the subject practically demands that progress occur
most frequently by small steps and only occasionally by

giant leaps [pp.,6-7].

Lucas also includes a comprehensive review of problem solving

research and theory in his study.

In the sections which fdllow, no attempt Is made to report

in detail the results of the studies cited nor to be exhaustive

32



in the studies cited. Rather, the intent was to select from the

plethora of problem solving investigations.those studies which

'are indicative of the wide variety of variables studied.

Mathematical Problem Solving P'erformance

Published reviews by Suydam (1967), Kilpatrick (1969),

Riedesel (1969), and Suydam and Weaver (1971-75) verify the fact

that a significant number of mathematical problem solving studies

have been conducted. A number of researchers have investigated

mathematical problem solving as a process (see Kilpatrick, 1967;

Lucas, 1972; Zalewski, 1974; Loomer, 1976). But most studies

reported in-the research literature are investigations of problem

solving as a product; this type of problem solving is commonly

referred to as verbal problem solving, that is, the solving of

collections of one- or two-step mathematics problems similar to

those found in textbooks.

In the present study mathematical problem solving was of

interest both as a process and as a product. 'The problem solving

process was of interest in the design of the student and teacher

problem solving attitude scales. And problem solving as a product

was of interest as students' mathematical problem solving perfor-

mance w4s assessed and:e*amined. The means of assessing the
, ,

,

problem solving performafie-in the present study, however, was'

unlike that used in previous investigations. The mathematical .

prOblem Solving teSt used in the study will be'described-1n

Chapter 3.

33
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The varied means by Which'mathematical problem solving per-

formance has been assessed.in the past contributes to the dilemma

which arises when comparing the results of research efforts.

However, with that fact in mind, the next three sections summarize

pertinent studies which have attempted to relate one or more

instructional variables to mathematical problem solving performance.

Coghitive Factors and Mathematical Problem Solving

Since it is impossible to review all studies relating various

cognitive factors and students' mathematical problem solving per-

formance, representative examples are included here to indicate

the diversity of both variables and findings.. Computational

ability is significantly related to problem solving ability in

mathematics (Hansen, 1944; Alexander, 196.0; Chase, 1960), and

so is the ability to analyze problems (Keller, 1939; Alexander,

1960). Other factors found to be significantly related to problem

solving performance are problem recognition (Harootunian & Tate,

1960), and knowledge and understanding of mathematical terms

(Erickson,_1958; Lyda & Duncan, 1967). As might be suspected,

the literature does yield evidence of a significant relationship,

between intelligence and problem solving ability (Engelhart, 1932;

Alexander, 1960; Chase, 1960) and between reading ability and

problem solving performance (Engelhart, 1932; Treacy, 1944;

Harootunian & Tate, 1960).

31
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Mathematical Problem Solving and Sex-related Factors

(\

Researchers have investigated the difference between the problem

solving performance of boys and girls, but the results of the in-
K .

vestigations must be deemed inconclusive; some offer evidence

that boys are superior to girls in problem solving ability (Neill,

1967; Sheehan, 1968), while others contend that there is.no significant

difference between the problem solving abilities of the two sexes

(Cleveland & Bosworth, 1967; Farr, 1969). One inVestigator (Neill,

1967) found that better problem solving performance occurred for

students with men teachers than for those with women teachers.

In a study which will be described in more detail later in

this chapter, Carey (1958) concluded that when females' attitudes

toward problem solving are modified_in a more favorable direction,

they make significant gains in problem solving performance. In a

more recent study, Schonberger, (1976) found significant differences

favoring boys on one problem solving subtest of three administered

- in her investigation of spatial abilities and problem solving

performance. Meyer (1975), in a factor-analytic study of selected

factors and problem solving performance, found no significant

sex-related differences among fourth grade students on any of the

three subscales or the total scale of problem solving performance

used in her study.

Noncognitive Factors and, Mathematical Problem SOlving

Certain noncognitive factors, notably attitudes, anxiety,
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interests, personality, and familial characteristics, have begun to

receive more attention in research investigations related to mathe-

matics achievement. Though there is an acknowledged interdependence

between cognitive and npncognitive variables, the discussion here

will deal primarily with variables not explicitly measured by tests

of ability and their relationships to problem solving performance.

Some studies cited below investigated the relationships between non-

cognitive factors and mathematical achievement, rather than problem

solving performance per se; however, mathematical achievement is

measured in part by problem solving subtests, and so the studies

have relevance for the present discussion.

Cleveland and Bosworth (1967) and Neufeld (1968) found that

mathematics achievement was associated with a sense of personal

worth, freedom from withdrawal tendencies, freedom from anti-

social tendencies, social skills, and social standards. Jonsson

(1965) reported that problem solving performance of highly anxious

students was detrimentally affected by increasing the difficulty

of test problems on the second of two tests. In an internationl

ptudy, Husen (1967) found that achievement in mathematics was

positively correlated at all levels, both within and between

countries, with interest in mathematics. The effect of socio-

economic status on students' problem solving ability has not

been- clearly established; Cleveland and Bosworth (1967)'and

Husen (1967) claimed that high achievement is associated with

high socio-economic status, while Karas '(l964) and' Alexander

36
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(1960) concluded that no significant relationship exists between

the two variables.

Researchers have also investigated the relationship between

problem solving ability and certain environmental variables,

such as teaching experience (Hurst, 1968), graduate training

of teachers (Leonhardt, 1963), student grades in school subjects

and deportment (Morton, 1928). However, little or no consensus

is reached on the significance of these variables to problem

solving ability.

Concluding Remarks

The inconclusive or conflicting nature of research on those

factors'Which influence problem solving performance 'documents

the need for additional research studies. In particular, the two

attitudinal factors examined in the present study have not been

studied simultaneously with each other or with mathematical problem

solving performance; hence, the results of this investigation

contribute to an area in which research evidence has been in-

conclusive. The next section of this chapter is an overview of

the literature related to the investigation of attitudes:

Part II: Attitu'des

For manY years the concept of attitude has been considered

a subject suitable for study by psychologists. Allport (1967)

credits Thomas and Znaniecki (1918) with instigating the study

of the concept when they analyzed the lives of Polish immigrants

37
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to the United States. Wagner (1969) indicates that the value of

attitudinal studies lies in the implications which such investi-

gations possess for the analysis of complex human behavior. Both

the psychological and education literature are replete with

attitudinal studies varying consid0ably in research design, in

methodology, and in conclusions and implications for a clearer

understanding of the concept. The next several paragraphs of

this section discuss the nature of attitudes.

The Nature of Attitudes

Though numerous definitions of attitude have been advanced

(see Allport, 1967), most indicate that an attitude is a learned

state of readiness, a predisposition to react in a particular way

toward certain stimuli. Important to any study of attitudes is

the idea that an attitude involves both cognitive and noncognitive

components--that is, both beliefs and feelings-4d, to some

extent, a behavioral component. A student's attitude toward

mathematics is, for example, a composite of intellectual appre-

ciation for the subject coupled with emotional and behavioral

reactions to it.

In a condensation of recent theoretical formulations about

the nature of attitudes, Scott (196g) suggests tha, the concept

has, perhaps, 11 variable properties: direction, magnitude,

intensity, ambivalence, salience, affective salience, cognitive

complexity, overtness, embeddedness, flexibility, and Consciousness.

35
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Of particular importance to the assessment of attitudes toward a

school subject area, such as mathematics, are the dimensions of

'direction (Does the individual generally like or dislike mathe-

matics?) and intensity (How strongly does the individual feel about

this attitude?)

The variable properties suggested by Scott are in keeping

with the attitudinal theory espoused by Rosenberg and Hovland

(1960). This theory suggests that an attitude consists of affec-

tive, cognitive, and behavioral components. A schematic conception

of the Rosenberg and Hovland model is presented in Figure 2.1.

This model provides a conceptual'framework for organizing a study

of attitudes such as that undertaken in the present investigation.

In this study the measurable independent variable or stimulus is

that of mathematical problem solving; the intervening variable is

attitude toward mathematical problewsolving, which has a subsequent

relationship to an individual's affecr, cognition and behavior;

and the measurable dependent variables are verbal statements per-

taining to an individual's affect, beliefs, and behavior with

respect to mathematical problem solving.

With a conceptual framework for a study of attitudes

established, the next area of concern is that of measurement of

the attitude. The next several paragraphs discuss that issue.

The Measurement of Attitudes

A ,u7!ber of techniques are available to measure attitudes.

39
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Corcoran and Gibb (1961) describe several of those used to measure

attitudes toward mathematics, including questionnaires, attitude

scales, incomplete sentences, projective pictures; essays, ohser-
r-

vational methods, and interviews. Of these techniques, perhaps

the most widely used are the attitude scales. The most popular

types of scales are described below.

A Thurstone attitude scale consAts of a series of statements

representing all degrees of opinion. The resOondent indiCates

with which statements he agrees. Each statement is asSigned a

scale value, Tanging froM 0.0 for the most extreme statement

possible in the;negatiVe direction, through 5.5 for neutral

statementg, to 11.0 for the most extremely favorable statement

possible. The score for each respondent is the mean scale value

of the statements checked. After the scores have been determined

for each respondent, a frequency distribution can be plotted for

the attitudes.of any particular group (Thurstone, 1928).

As a result of their work in experimental semantics, Osgooa,

Suci, and Tannenbaum (1957) have developed an approach and

rationale for attitude measurement known as the semantic

differential. It is an attempt to obtain an indication of the

overall feeling held by a group about a concept. Their technique

uses bipolor adjective scales which form a continuum with positive,

to negative connotation. The respondent indicates his degree of

feeling about the iated object by checking an appropriate

41,
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'
descriptive term along the continuum. The semantic differential

aims at a generalized feeling rather than a specific delineation

of opinion..

A Likert scale (Likert, 1932) resembles a simple questionnaire,

except that more refined techniques of item selection improve the

instrument. The scale is a series of statements, each either de-

finitely favorable or definitely unfavorable to the object of the

scale- The respondent indicates reaction to each statement,

'usually on a five-point scale: strongly agree, agree, undecided,

disagree, and strongly disagree. The responges are codOd 5, 4,

3, 2, and 1, respectively, for favorable statements, and 1, 2, 3,

4, and 5, respectively, for unfavorable statements. A high score

indicates a'favorable attitude, and a low score indicates an

unfavorable attitude. Apart from its relative ease of construction,

the Likert fcaling technique was chosen for use in this study for

two reasons. First, it gives more precise information about the

respondent's degree of agreement or disagreement, thus contributing

more information about the important attitudinal dimension of

intensity. And second, it becomes possible to include items

whose content is not obviously related to the attitude in

question, so that the more subtle ramifications of the attitude

can be examined.

Among other, but less popular, means of assessing attitudes

are'biographicAl and essay studies (Campbell, 1950) and the
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monitoring of galvanie skin responses of subjects (Cooper & Pollock,

. 1959). Still other researchers argue for a multiple-indicator

approach to attitude measurement (Cook & Selltiz, 1964), wherein

an attitude is not measured directly, but is inferred from subjects

behavior.

Researchers have used a variety,of techniques to assess

attitudes toward mathematics, and a multitude of attitudinal

investigations_have been'conducted in the last twenty years in

the field of mathematics education. Those dealing with elementary

school students' attitudes toward mathematics are reviewed in the

next section.

Attitudes Toward Mathematics of Elementary School Students

A number of attempts have been made to establish the relation-

ship between attitude toward mathematics and pupil achievement in

mathematics. Studies by Poffenberger and Norton (1969) and 'by

Shapiro (1962) found low positive correlations between the two \

criteria. The results of the extensive National Longitudinal

Study of Mathematical Abilities (NLSMA) suggested a rather stable

pattern of positive correlations of mathematics attitude scores

with both mathematics,achievement scales and mathematics grades

in each of,the populations of the study (Crosswhite, 1972). On

the other hand, studies by Antonnen (1967), Cleveland (1961),

and Faust (1963) failed to support the belief that there is a

positive correlation between attitude and achievement in

mathematics.
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Some reseachers have tried to link general intelligence with

attitude toward mathematics. In a study with fourth-, fifth-,

and sixth-grade students, Shapiro (1962) found that students with

higher IQ had more positive attitudes toward mathematics. The

NLSMA data suggested small but significant positive relationships

between attitude scores and the general intelligence measures

used in the study (Crosswhite, 1972).

Some evidence exists to suggest that attitudes toward mathe-

matics may be formed as early as the third grade (Fedon, 1958;

Stright, 1960; Callahan, 1971), although these attitudes tend to

be more positive than negative in elementary school (Stright, 190).

And, interestingly, there is also evidence of a decline from the

third through the sixth grades in the percentage of students who

express negative attitudes toward mathematics (Stright, 1960).

Analyses of group means across grade levels in the NLSMA study

indicated that student attitudes toward mathematics peaked near

the beginning of the,junior high grades (Crosswhite, 1972).

At the elementary school level, attitude toward mathematics

and achievement in mathematics are related to a number of person-

ality variables', such as good adjustment, high sense of personal

worth, greater sense of responsibility, high social standards,

motivation, high academic achievement, and freedom from withdrawal

tendencies (Naylor & Gaudry, 1973; Neufeld,1968; Swafford, 1970).

ln addition, children with positive attitudes toward mathematics

tend to like detailed work, to view themselves as more persevering



and self-confident (Aiken, 1972), and to be more "intuitive" than

"sensing" in personality type (May, 1972).

In a discussion about the role of attitudes in learning

mathematics Neale (1969) observed that, when attitude scores are

used as predictors of achievement in m'athematics, a low but

significant positive correlation is usually found. Neale's

claim is documented in research studies,by Moore (1972), Evans

(1972), and Mastantuono (1971) with students at the elementary

school level.

Elementary Teachers and Attitudes Toward Mathematics

Many of the studies on attitudes toward mathematics conducted

in recent years have involved prospective teachers. This is not

surprising, since students in pre-service courses are a convenient

group from which to draw research samples. However, the attitudes

of this group are very important because of the potential

influence on pupils in the elementary schools.

Dutton (1951) examined prospective teachers' attitudes toward

arithmetic and discovered that an alarming outpouring of unfavor-

able feelings toward arithmetic was expressed by 74 per cent of

the 211 students surveyed. In a later study (1962), he found that

38 per cent of prospective elementary teachers expressed dislike

for arithmetic, and 38 per cent said they liked arithmetic fairly

well, bue not enthusiastically. Reys and Delon (1968) reported

that approximately 40 per cent of 385 elementary education majors

whom they surveyed had unfavorable attitudes toward arithmetic.

15
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Fortunately, the pre-service mathematics content and methods courses

for prospective elementary teachers seem to have a positive effect

on the improvement of attitudes toward mathematics (White, 1965;

Gee, 1966; Wickes, 1968; Reys & Delon, 1968).

An observation that is, perhaps, reasonable is that the attitudes

of elementary teachers toward mathematics are typically less positive

.3

than those of secondary school Mathematics teachers (Wilson et al.,

1968). - Brown (1962) fOund that experienced teachers had more positive

attitudes toward arithmetic and possessed a better understanding of

the subject than did less experienced teachers, although the

differences in attitudes and understanding were not significant.

,Todd (1966) found that a state-wide inservice course produced

significant changes in attitudes toward arithmetic and in arith-

metic understanding for the teachers who completed the course.

Stright (1960) concluded that a large percentage of elementary

teachers really enjoy teacfiing arithmetic and attempt to make

the subject interesting; but the teachers' age, educational training,

and years of teaching experience apparently had little effect on

attitude toward teaching the subject:

Teacher Atttitude as Related to Student Attitude and Achievement

there is a generaf feeling among educators that teacher

attitude and effectiveness in a particular subject are salient

determiners of student attitudes and performance in the subject..

Several years ago, in a study that attempted to identify the

4 6
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factors determining attitudes toward mathematics,,Poffenberger

(1956) concluded that:

The teachers who tend to affect students' attitudes and
achievement positively have the.following characteristics:
a good knowledge of the subject matter, strong interest in

the subject, the desire to have students understand the
material, and good control of the class without being
overly strict [p. 116].

Though he identified certain characteristics that might affect
T.)

attitude toward mathepatics, Poffenberger did not establish the

relationship between the teacher influence and other factors that

make up the learning environment of the student.

At a conference on needed research in mathematics education

held at the University of Georiga in 1967, Lowry commented as .

follows:

'There are a number of research possibilities beyond those
available, having to do with the effect of teacher prepar-
ation, attitudes, adaptability, manher of presentation,
etc., on student achievement and motivations in mathematics.
The teacher component is so important that considerable
effort should be placed on the study of the influence of
various teacher characteristics on all outcomes of the

learning situation [p. 119].

A number of studies have been conducted dealing with the influence

of teacher characteristics on outcomes of the learning situation.

The relationship between teacher attitude and student achievement

in mathematics has been verified more often than has the connectio

between teacher attitude and student attitude.

A study by Torrance et al. (1966) conducted with sixth through

twelfth grade mathematics teachers resulted in the conclusion that
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teacher effectiveness had a positive effect on student attitudes

toward teachers, methods, and overall school climate. In a study

which dealt with the influences on student attitudes of teacher

attitudes encountered during the preceding three years, Phillips

(1973), found that type of teacher at'titude for two of the past

three years, especially most-recent teacher attitude, was signi-

ficantly related to student attitude toward mathematics. On the

other hand, studies by Caezza (1970), Van de Walle (1973), and

Wess (1970) found no statistically significant relationships

between teacher attitudes and either the attitudes or changes in

attitudes of their students.

Sex Differences in Attitudes Toward Mathematics

Traditionally, mathematics has been viewed as an interest

or occupation more suited to men than to women. Consequently,

one might suspect that males would score higher than females on

tests of achievement in mathematics and on 'scales of attitude

toward mathematics. Several studies at the college level (see

Aiken & Dreger, 1961; Dreger.& Aiken, .1957; Hilton & Berglund,16-

1974) have found sex differences in both attitudes and achievement

in mathematics favoring males over females. However, at the

elementary school level, the results have not been quite so

definitive.

Chase (1949) found that fifth-grade girls disliked arithmetic

more than fifth-grade boys, and the reason for the dislike was

4
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that the subject was considered to be difficult, presumably too

difficult. Several years later, in a study with third, fourth,

and sixth graders, Stright (1960) concluded that girls liked

arithmetic better than boys. In a study which included fourth-

and sixth-grade students, Reese (1961) found that measures of

attitudes ahd anxiety may be better predictors of the mathematics

achievement of females than of males.

The NLSMA comparisons of boys! and girls' attitude profiles

suggested that major observable differences were established by

the early junior high school years. Though girls entered the

study at grade 4 with somewhat more positive attitudes, their

increase in attitude was less than for boys during the late

elementary school years (Crosswhite, 1972).

In a study of attitudes toward arithmetic of students in

the intermediate grades Shapiro (1962) found no significant

differences between the attitudes of boys and girls. A similar

finding was reported by Wozencraft (1963). Dutton (1968) also

concluded that boys and girls who had studied "new math" were

about equal in their liking for arithmetic.

The somewhat inconsistent findings noted above indicate

that, at least in attitudinal studies conducted at the elementary

school level, separate data analyses by sex should be performed.

Additional research evidence is needed before any conclusive

judgments can be made about sex differences in student attitudes

toward mathematics at this level.

, 4 9
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Student and Teacher Attitudes as Related to Curriculum Materials

As a result of the modern mathematics movement of the 1960's,

a number of studies have been conducted which compare the attitudes

of students in a modern program with those of students in a tra-

ditional program. The most numerous of these investigations have

dealt with the School Mathematics Study Group (SMSG) materials.

In general, these studies have found that the mean mathematics

attitude scores of students taught with the SMSG materials are

not significantly different from the scores of those students

taught with the traditional curriculum materials (Phelps, 1965;

Osborn, 1965; Woodall, 1967; Hungerman, 1967). In fact, Osborn

(1965) found that the attitudes of SMSG students were More

negacive than those of students in the traditional curriculum.

Results similar to those noted in the preceding paragraph

have been obtained in other investigations which have compared

"modern" and "traditional" programs of instruction. For example,

in a study with students using the University of Illinois Committee

,on School Mathematics (UICSM) materials, Demars (1972) found no

more improvement in attitudes toward mathematics of those students

who used the UICSM materials than of those using traditional

curriculum materials.

An individualized approach to instruction in mathematics can

have a more positive effect on attitudes that a traditional

approach. In discussing an evaluation of the Individually
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Prescribed Instruction (IPI) mathematics materials, Maguire (1971)

makes such a conclusion.

Concluding Remarks

Because of the diverse findings of many of the attitudinal

investigations noted above, generalizability of,results is difficult.

Therefore, researchers must continue to investigate the comparative

learning effects of differing attitudinal variables. The next

part of this chapter discusses the literature pertaining to attitudes

toward problem solving.

Part III: Attitudes Toward Problem Solving

The studies reviewed in Parts I and II of thid chapter point

to the fact that investigations of mathematical problem solving

and of attitudes toward mathematics are -extensive in scope, diverse

in nature, and often conflicting in results. Clearly, there is a

need for more research into the nature of each of these variables.

Recommendations Related to Problem Solving Attitudes

Several years ago Brownell (1942) observed that favorable

student attitudes toward problem solVing are a desirable educational

outcome, and he remarked that such attitudes can be developed. More

recently, Polya (1965) has stressed the importance of favorable

teacher attitudes in helping students acquire problem solving

proficiency. In a publication by the Ontario Institute for Studies

in Education (1971) the fallowing observation is made:
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Granted that problem solving is both a desirable and an

essential part of school mathematics, it seems a necessary
prerequisite for successful development of problem solving

skills that both teacher and student have positive attitudes

to problems. Many teachers, particularly in the elementary

school, have scant knowledge of mathematical content, and

therefore feel far from confident in venturing beyond

teaching the superficial exercise type of problem. Often

they transmit this basic insecurity to their students

[P. 35].

Thus, there seems to be some scholarly agreement on the importance

of fostering the development of favorable attitudes toward problem

solving, both on the part of the teacher and student.

Aiken (1970) has called for more intensive investigations

into the nature of attitudes toWard mathematics and has suggested

that an individual's attitude toward one asPect of the discipline,

such as problem solving, may be entirely different from his atti-

tude toward another phase of the discipline, such as computation.'

Researchers, however, have tended to use single, global measures

of attitude toward mathematics, rather than investigating attitude__
toward only one phase of the discipline.

The purpose of the next several sections of this chapter is

to review the work of the few researchers who have investigated

problem solving attitudes. Each of the studies described below

has special relevance for some aspect of the present investigation.

A Problem Solving Attitude Scale for College Students

Carey (1958) worked with a college-age population in an

attempt to answer five questions: (1) Can a scale be constructed

5 2
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which measures attitude totaard problem solving? (2) Are there sex

differences on such a scale? (3) Is problem solving attitude

related to problem solving performance? (4) Will an attempt to

change attitude be followed by a change in performance? and (5)

Will women respond more favorably than men to an attempt to improve

their attitudes? Though Carey was interested in general problem

solving, rather than mathematical.problem solving, her study is

important because it represents a first attempt at the construction

of a problem solving attitude scale. She did find that it is
P

possible to construct a reliable instrument with Likert-type

format to measure attitudes toward problem solving. The use of

this scale enabled her to conclude that men and women do differ

in attitudes toward problem solving, that problem solving perfor-

mance is positively related to problem solving attitude, and that

when women's attitude toward problem solving is modified in a

more favorable direction, they make significant gains in problem

solving performance.

A Brazilian Study of Problem Solving Attitudes

Lindgren et al.(1964) studied attitudes toward problem solving

as a function of success in arithmetic in Brazilian elementary

schools. A 24-item adaptation of the Carey (1958) scale was

constructed and translated in Portuguese. An arithmetic achieve-

ment test, a general intelligence test, and a socio-economic
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scale also were administered to the sample population of fourth-grade

students. Attitudes favorable to situations involving the solving

'of problems were found to be positively and significantly correlated

with arithmetic achievement, although the correlations were rather

low. Problem solving attitudes also were correlated positively,

but not significantly, with marks in arithmetic. Positive and

significant correlations were found among success in arithmetic,

intelligence test scores, and socio-economic status. Problem solving

attitudes of the students showed near-zero correlations with intelligence

test scores and socio-economic status. Unfortunately, the Lindgren

study did not correlate problem solving attitudes with student

performance in problem solving. The positive correlations found

between problem solving attitudes and arithmetic achievement lead

to the conjecture that a strong correlation could exist between

problem solving performance and problem solving attitude.

A Problem Solvi'ng Inventory for Children

Covington and Crutchfield (1965) have reported several studies

with the General Problem Solving Program, an apparently successful

program for teaching children to apply heuristic strategies to

problems. Though the problems are not mathematical in nature,

the strategies are appropriate to mathematical problem solving.

Of particular interest is the work by Covington (1966) to devise

instruments that assess problem solving competency among upper
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elementary school children. Specifically, this effort is directed

toward the development of the Childhood Attitude Inventory for

Problem Solving (CAPS). CAPS consists of two scales. Scale I

contains 30 true-false items and is designed to indicate children's

beliefs about the'nature of the problem solving process and

attitudes toward certain aspects of problem solving. .Included are

items dealing with sugh ideas as the child's conception of the

innateness or unchangeability of one's problem-solving ability,

the desirability of suppressing rather than expressing novel

ideas, and the wisdom of persisting in the face of a problem that

N.
others have failed to solve. Scale II, also consisting of 30

true-false items, assesses the child's degreeof self-confidence

in dealing with problem solving tasks; it reflects some of the

typical sources of children's anxiety about thinking, including

the fear of having one's ideas held up for ridicule (see Covington,

1966).

Though CAPS is not designed to assess attitudes toward mathe-

matical problem solving, it does hold promise as a model for the

design of similar instruments'related to mathematical problem

scolving. The nature of the problem solving process is such that

many oE the requisite skills and processes needed for the solving

of mathematics problems are the same as those needed fOr the

solving of general problems, and vice versa.

55
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Concluding Remarks to the-Chapter

'Sifting through the voluminous problem solving and attitudinal

literature for definitive answers to questions about the nature of

each variable and the relationships between them is a tedious and

often-frustrating task. The complex nature of the concepts confounds

the problem. At best, the research evidence about each of the two

variables is inconclusive, and research into relationships between

the two variables is almost nonexistent. One fact is.clear. Be-

cause of the complex nature of each variable, the simultaneoga

investigation of attitudes and problem solving must take 'into

account several sources of potential variability. Otherwise, the

generalizability of the research findings is severely limited.

This chapter has reviewed the related research literature in

threecareas: problem solving, attitudes, and attitudes toward

problem solving. Chapter 3 discusses the design of the'study re-

ported in this paPer.

5 6
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Chapter 3

DESIGN OF THE STUDY

This investigation of the relationships between student and

teacher mathematical problem solving attitudes and student mathe-

matical problem solving performance fits into the framework of

information-oriented research (Suppes, 1967; Scandura, 1967) or

relational research (Romberg & DeVault, 1967). Such studies

provide intormation and insight into the nature of specific

relationships between curriculum variables, thus making it fea-

sible to formulate tentative hypotheses capable of being tested

in more rigorously designed experiments. This chapter discusses

the design of the present investigation and begins with some

background information regarding thp idea\for the study.

The Idea and Background for the S,tudy

The design of this study evolved as the author worked closely

with teachers and children participating in the pilot testing and

field testing of the Developing MathematicalQLaeesses (DMP).N

program (Romberg, Harvey, & Moser, 1974, 1975, 1976). The DMP

program is based on psychological research into the ways children

40
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learn mathematics, and utilizes an activity-oriented, measurement

approach to the teaching and learning of mathematics in grades K-6.

The program is being developed at the University of Wisconsin

Research and Development Center for Cognitive Learning and is

designed for use in a system of Individually Guided Education (IGE)

in a multiunit elementary school (see Klausmeier, Quilling, &

Sorenson, 1971). However, DMP also can be used in any type of

elementary school where the progress of each child as an individual

is important.

The entire DMP program is built around a sequence of hier-

archically-ordered objectives and, a program of instruction that

leads to mastery of those objectives. The K-6 instructional

materials are organized into 90 units, called topics, and are

subdivided into levels to approximate the following grade dis-

tributions:

Topics Approximate Grade Levels

1-40 Primary (K-2)

41-65 Lower Intermediate (3-4)

66-90 Upper Intermediate (5-6)

Brief descriptions of the first 65 DMP top_cs are given in

Appendix A.

The basic underlying theme of the DMP program is problem

solving. Using various mathematical processes, such as describing,

5 8
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and classifying, comparing and ordering,joining and separating,

grouping and partitioning, and validating, children solve a wide

variety of types of problems. Several important problem solving

techniques are used in DMP to prevent children from solving

problems mechanically or jumping to false conclusions and to

encourage them to adopt a "stop and think" attitude before

solving. One of these techniques is the inclusion of problems

that have no answer or many answers. Effective problem solving

also is promoted in DMP through the use of open sentences and

equivalent sentences; the children have many experiences in

writing, transforming, and solving sentences. Once the children

have solved a particular sentence, they validate the solution

by putting it back into the context of the problem to be sure

it is reasonable. The following quotation, taken from the

DM? Resource Manual, Topics 41-6 (Romberg, Harvey, & Moser,

1975), emphasizes several of the key strategies used in the

program:

Although DMP emphasizes some broad problem solving
-strategies such as the use of the open sentence, stress
is also placed on the children's ability to develop
their own ways to solve problems. Just as there is
frequently more than one "right" answer, there is
frequently more than one "right" sentence or one "right"
way to solve. Children's perceptions of problem situ-
ations may differ though they may be equally correct.
They need to be allowed time for trial, time for eiTor,
and time to learn from their errors [p. 50].

The developers ot the DMP program believe that exposing children

to a wide variety of problems will lead to a willingness to tackle
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new problems, will produce confidence in children's ability to

handle new problems, and will enhance their ability-to apply

problem solving,techniques.

As observed in Chapter 1 of this paper, the author has been

impressed by the manner in which DMP students attack problems

and by the positive affect which both students and teachers

seem to possess with regard to the DMP program. Consequently,

this personal 'observation, reinforced by similar ones made be

other DMP staff members, precipitated the design of a study

to investigate the mathematical problem solving perforMance of

children and the problem solving attitudes of both teachers

and children. The next section of the ch ter presents an out-

line of the overall design of the study.

The General Design of the Study

The study was conceptualized as being conducted in two

parts with samples from two different populations. The diagram

in Figure 3.1 depicts the design. The specific details of each

component of the design are delineated in ensuing sections of

the chapter. The next section describes Part I of the study.

The Questions and Procedures for Part I

Part I of the study was to deal with the first five questions

formulated in Chapter 1. They are:

Question 1: Do fourth-grade students have favorable attitudes

toward problem solving?

60



PART II I

PART I

Time 1

moo... IOMP

Measures
A, B, & C*

Measures
A, B, & C*

"Treatment",

4111INNE111 011IMIIM

Study of
DMP Topics

Time 2

=11100 ea/m =1,

Measures
A, B, & C*

*Measure A: Student Mathematical Problem Solving Test

Measure B: Student Mathematical Problem Solving Attitude Scale

Measure C: Teacher Mathematical Problem Solving Attitude Scale

Figure 3.1. The design of the study.

C 1

DMP
Sample

Non-DMP
Sample
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Do differences in attitude toward problem solving

exist if students are classified by sex?

Do differences in attitude toward problem solving

exist if students are classified by mathematics
program type: DMP versus non-DMP?

Question 2: Do fourth-grade teachers have favorable attitudes
toward problem solving?

Do differences in attitude toward problem solving

exist if teachers are classified by type of
mathematics program taught: DMP versus non-DMP?

Question 3: How do fourth-grade students perform on a
test of problem solving performance which
provides measures of comprehension, application,

and problem solving?

Do.differences in problem solving perfbrmance
exist when students are classified by sex?

Do differences in problem solving Performance
exist when students are classifielby mathe-
matics program type: DMP versus nbn-DMP?

Question 4: What is the relationship between fourth-grade
students' attitudes toward problem solving
and their performance in problem solving?

Do differences in this relationship exist if
students are classified by sex?

Do differences in this relationship eXist if
students are classified by mathematics program
type: avp versus non-DMP?

Question 5: What is the relationship between fourth-grade
teachers' attitudes toward problem solving and
their students' performance in problem solving?

Do differences in this relationship exist if
students are classified by sex?

Do differences in this relationship exist if
students are classified by mathematics program
type: av versus non-DMP?

6 2
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The Sample

The subjects in the sample for Part I of the study were to be

30 fourth-grade teachers and the students to whom they taught

mathematics. Fifteen of the teachers and their students were to

have been participants in the large-scale field test (see Montgomery

& Wh (taker, 1975) of the Developing Mathematical Processes (DMP)

program for at least one year prior to the 1975-76 school year.

In additibn, they were to be studying the commercial fourth-grade

DMP materials during the 1975-76 school year. The remaining 15

teachers and their students were to be chosen from Wisconsin

schools not using the DMP program. An attempt was to be made

to involve teachers of both sexes and to obtain fourth-grade

classes from schools varying in type (multiunit, non-multiunit),

size, and location (urban, non-urban, rural).

The Procedures

During the fourth month of the 1975-76 school year, a

mathematical problem solving test developed by Rpmberg and Wearne

(see Wearne, in preparation) was to be administered to the

students in the sample. At approximately the same time scales

designed to measure the inathematical problem solving attitudes

of both students and teachers were to be administered.

The attitude scales were to be developed as a part of the study.

The development of all three instruments used in the study is

described in Chapter 4 of this paper. On the basis of their
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scores on the attitudinal instruments, the teachers and students

were to be classified as having either favorable or unfavorable

attitudes toward'mathematical problem solving. The mathematical

problem solving,test data were to be categorized in terms of scores

of comprehension, application, and problem iolving and analyzed to

ascertain the presence or absence of statistically significant

differences with respect to sex of student and type of mathe-

matics program studied (DMP versus non-DMP). Simple correlational

procedures were to be used to show the relationships between

teacher and student mathematical problem solving attitude and

student mathematical problem solving performance. Correlations

were to be calculated to show the relationships between the

-
attitudinal and performance variables wthen the data were categorized

by sex of student and program type (DMP versus non-DMP). It was

anticipated that additional correlational procedures might be

necessary to identify those items, or groups of items, from the

attitudinal scales which might be interrelated with the cal-

culaeed correlations. These findings were to provide information

relative to Questions 1-5 of the study.

The Questions and Procedures for Part II of the Study

Part II of the study was to be directed at the remaining

two questions posed in Chapter 1. They are:

Question 6: Do fourth-grade teachers' attitudes toward
problem solving affect their students'
problem solving performance or is the

efZect of the opposite nature?
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Do differences exist when students are classified
by sex?

Question 7: Do fourth-grade teachers' attitudes toward pro-
blem solving affect their students' attitudes
toward problem solving or is the effect of the
opposite nature?

Do differences exist when students arc classifi.ed

by sex?

The Sample

The subjects in the sample for Part II were to be the 15

teachers and their students from the DMP sample-of Part I. The

non-DMP teachers and students were not to participate in the

second part of the study.

The Procedures

Simple correlational procedures could not answer the questions

of cause and effect posed for the second part of the study. However,

Campbell and Stanley (1963) have discussed a quasi-experimental

design which can provide answers regarding the direction of re-

lationship between teacher attitude and student attitude and

performance. The design employs time as a third variable and is

called cross-lagged panel correlation (Campbell & Stanley, 1963).

As indicated in Figure 3.1, Part II of the study was to involve

the DMP sample and was to consist of two different testing periods

(Time 1 and Time 2) with an intervening "treatment" period of

10-12 weeks. The first testing period has already been described.

The second testing period was to occur during the seventh month

65
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of the 1975-76 school year and was to consist of a second administration

of the mathematical problem solving test and the student and teacher

mathematical problem solving attitude scales. This part of the

design of the study is quasi-experimental in nature because the

intervening "treatment" is not rigidly controlled. The "treatment"

was to consist of a course of study selected from the regular DMP

sequence of topics for fourth grade. The only restriction placed

on the "treatment" was that teachers were to select at least one

topic from the problem solving strand of the DMP program; the

remaining two or three topics were to be selected from the other

content strands (see Appendix A). Monitoring visits were to be

made to the participating schools during the "treatment" period

to be certain that the DM' topics were actually being taught as

requested. Figure 3.2 depicts azschematic conception of the

first phase of the cross-lagged correlational technique used in

the study.

Time 1 Time 2

Teacher
Attitude r

12

Studentie-' r21
Problem Solving
Performance

Teacher

,- Attitude

'----111,Student

Problem Solving
Performance

Figure 3.2. Schematic conception of cross-lagged
panel correlation.
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The correlation between teachers' attitudes at Time 1 and the

means of the problem solving test scores of-their students at

Time 2 (r
12

) were to be computed, as well as the correlation be-

tween teacher attitudes at Time 2 and the means of the problem

solving test scores of their students at Time 1 (r21). lf r12

-is significantly more positive than r21, this would be evidence

that teachers' initial attitudes have a greater effect on final

mean student problem solving performance than initial mean student

problem solving performance has on final teacher attitude. How-

ever, if r21 is significantly more positive than r12, then this

would provide an indication that initial mean student problem

solving 'performance has a greater effect on final teacher attitudes

than initial teacher attitudes have on final mean student problem

solvini performance. This type of correlational analysis for

attitudinal research has been recommended by Aiken (1969).

A similar cross-lagged panel correlational analysis was to

Ikoe used to study the effects of teacher attitudes toward problem

t-

solving on student attitudes toward problem solving. A schematic

conception orthis analysis is given in Figure 3.3.

Time 1 Time 2

Teacher Teacher

AttitudNrr Attitude

Student r21 -*Student

Attitude Attitude

Figure 3.3: Shematic conception of
cross-lagged panel
correlation.
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Concluding Remarks

This chapter has provided some background regarding the

design of the study and has discussed the several components

of the design. The next chapter describes the construction of

,the instruments which were used in the study.

6 8



Chapter 4

THE INSTRUMEMTS OF THE STUDY

Three instruments were used in the present study of the

relationships betwe'en fourth-grade students' mathematipal problem

solving performance, their mathematical problem solving attitudes,

and the mathematical problem solving attitudes of theinteachers.

The purpose of this chapter is to'clescribe each of those instrumentS.

The mathematical problem solving Lest was developed by Romberg and

Wearne (see Wearne, in preparation); it will be described first.

The other two instruments, the student mathematical problem

solving attitude scale and the teacher mathematical problem

solving'attitude scale, were developed by the author; their

0

development will be discussed in the last two sections of the

chapter.

\ The Mathematical Problem Solving_ Test

7
>'Single total scores, as obtained'on Most tests of mathematic'al

problem solving performance, are inadequate When attempting tb

explain the reasons why some students are successful problem

solvers and others are not. HoWever, a test developed by

Romberg and Wearne (Wearne, In preparation) was designed. to

fp
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overcome such inadequacies and was used to assess the mathematical

problem solving performance of.the fourth-grade students:in the

present study.

The mathematical problem, solving test was designe to yie:'d

(Ithree scores: a comprehensi,n score, an application/score, and

I /

a problem solving score. Esich of the 22 three-part/items on the
/

I /

test contains a comprehensiim, an application, and/a problem

solving question. The comprehension question assesses a child's
/

understanding of the information presented either explicitly or

/

;

implicitly in the item stem. The application question involves
)

I

a fairly straight forward application of some rule or concept
i

to a situation. The pr lem solving question presents a situation

which involves other thain a routine application of some principle.

/

Although the application and problem solving parts may refer to a

common unit of information (the item stem), the questions are
\ /

independent in that the response to the application question is

\

not used to respond to the problem solving question. Because

this test differs markedly rom other mathematical problem

solving tests, two examples (\f the three-part items on the test

are given here to illustrate he nature o( the comprehension,

.apPlication, and problem solving parts. Figure 4.1 illustrates

\

one threg-part item from the te t. In Figure 4.1 the item stem

and the comprehension pa,rt are shown fir$t; the comprehension

part assesses a child's understan ing of the information presented

53



THESE PROBLEMS ARE ABOUT HOW PEOPLE WRITE NUMBERS IN CIRCLELAND.

In Circleland, people write

write when they mean 61.

In arcleland, people Write

(A) True

(18) False

(C) Impossible

when they mean 475 and they

What do they mean when they write

(A) 36

(R) 63

(C) 630

(D) 603

E) 306

when they mean 8.

What do they mean when they write

(a) 4,526 (C) 4,562

00 40,526 (D) 45,620

(E) 45,260

Figure 4.1. .Example of a three-part item from the
mathematical problem solving test.
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explicitly in the item stem. The second part of the item (application)

is answered by direct application of information contained in the

item stem, while the third part of the item (problem-S-olving) re-
\

quires a generalization of information presented in the item Stem.

Figure 4.2 gives a second example of, a three-part item from the

mathematical problem solving test. In this example the item stem is

given implicitly in the comprehension part of the item; it presents

the information pictorially and assesses a child's comprehension of

a "beam in balance." The second part of the item is a direct applica-

tion of a balance beam to a situation which requires one to determine

the order relation between two objects on the attribute of weight.

The third part of the.item represents an extended application of

the second part; a child muse redlize that the sum of two smaller

weights is less than the sum of two larger weights.

The mathematical problem solving test used in the present study

is a revision of an earlier 19-item test developed by Romberg and

Wearne and used in the study by Meyer (1975). The version used by

Meyer with 179 fourth-grade students had undergone a careful

development (see Me, , 1975), and the total test Hoyt reliability

coefficient for that test was .82.

The Romb -Wearne Mathematical Problem Solving Test used

in the preset study is given in Appendix B; its development is

described re completely by Wearne (in preparation). Because

of the t's unique design, with three scores possible for each
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THESE PROBLEMS ARE ABOUT BALANCE BEAMS.

Which picture shows the balance beam in balance?

Which sentence tells about the weights

(A) 13 weighs less than

(B) el weighs more than

(C) MI weighs the same as

(B) Impossible to tell from the picture.

a and

Weights

and and

and

a
Fl are put together on one end of the balante beam

are put together on the other end of the balance

beam. Which picture shows how the balance beam might look?

(A)

(B)

(C)

(D) Impossible to tell from the
picture.

Figure 4.2. Example of a three-part item from the

mathematical problem solving test.

r.4
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student, it was deemed particularly appropriate for use in an

investigation of mathematical problem solving attitudes, as

student attitude may be examined in relation to a three-step

sequence which students follow in solving a mathematics problem.

The construction of the student mathematical problem solving

attitude scale is described in the next section of this chapter.

The Student Mathematical Problem Solving Attitude Scale

Introduction

Though observational and interview techniques hold promise

as perhaps the most objective measures of attitudes, the large

number of students who were to be tested in the present in-

vestigation made such techniques impractical. Past efforts to

develop scales that measure attitude toward problem solving have

met with reasonable success. Carey (1958) found that a reliable

scale can be constructed. A modification of the Carey scale was

used by Lindgren et al. (1964) with a group of fourth-grade

students in Brazil. Successful efforts have also been exerted by

Covington (1966) to develop a group-administered inventory of

problem solving attitude with upper elementary school children.

The Carey scale was deemed inappropriate for use in the

present study, since it was developed for use with college-age

students; furthermore, it assesses attitude toward problem solving

ln general, rather than attitude tmdard mathematical problem

solving. The scale usde by Lindgren et al. might have proved

useful in the present study, since it was given to fourth-grade

74
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students, but efforts by the author to obtain a copy of the scale

proved futile. The inventory developed by Covington assesses

general problem solving attitude, rather than mathematical problem

splving attitude,jand is limited in the amount of information

conveyed regarding the intensity of the respondents' attitudes

since the inventory uses a true-false format; thus, it, too, was

rejected for potential use in the present investigation. The

futility of the search for a suitable existing instrument to

measure elementary school students' mathematical problem solving

attitudes convinced the author of the need to develop such a scale.

The Construction of the Scale

In Chapter 1 attitude toward problem solving was defined as

the predisposition of an individual to evaluate factors related to

mathematical problem solving in a relatively favorable or unfavorable

manner. The problem of constructing a scale to measure this attitude

began with an examination of the attitudinal object--in this case,

mathematical problem solving--and of those factors related to

that object. Mathematical problem solving was defined as the process
--

of analyzing a situation posed in a problem, producing a procedure

for solving the problem, using that procedure, ana achieving a

solution to the problem. This definition is similar in nature to

the four phases of the.problem solving process suggested by Polya

(1945), and both the definition and the writings of this eminent

teacher proved valuable as sources of ideas for attitude scale
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items. In addition, the work by Carey and by Covington, and the

writings of the staff of the Developing Mathematical Processes

(DMP) program (see Ramberg et al., 1974, 1975, 1976) guided the

author's thinking in the development of the mathematical problem

solving attitude scale.

Nunnally (1967) has remarked that if verbalized attitude is

the variable of interest, then the content validity of the instru-

ment to be constructed is the major issue; furthermore, he main-

tains that the major standards for ensuring content validity are

a representative collection of items and a sensible method of

instrument construction. Another aspect of content validity is

that of face validity, that is, a judgment regarding whether an

instrument appears to measure what it purports to measure. Both

content validity and face validity were carefully considered in

the design of the student mathematical problem solving atti:tude

scale.

A procedure similar to that used in the development of the

NISMA attitude scales (see Romberg & Wilson, 1969) was followed

by the author in the construction of the student attitude scale.

First, a pool of 82 items was constructed; each item purportedly

measured some aspect of fourth-grade students' attitudes toward

mathematical problem solving. Included were statements reflecting

children's beliefs about the nature of various types of mathematics

problems, the nature of the iiroblem solving process, the desirability,



of persevering when solving a problem, and the value of generating

several ideas for solving a problem. Other statements referred ta

children's ability to succeed in problem solving situations, and--

some dealt with possible anxiety in not knowing how to go about

solving a problem or the fear of being incapable of effective

thought when attempting to solve a problem. An attempt was made

to maintain a balance between positive and negative items. A

complete listing of these 82 original items is included in Appendix C.

Next, the list of items was submitted to a panel of reviewers

for careful scrutiny. The panel consisted of six mathematics

educators, two experienced elementary school teachers, a licensed

psychometrist, and two elementary mathematics curriculum writers.

The reviewers were asked to examine the'items with respect to

adequacy of sampling of behaviors indicative of fourth-graders'

attitude toward mathematical problem solving, to mark those items

which they felt not indicative of such an attitude, and to indicate

Lhe direction--positive or negative--of those items which were

indicative of the attitude. The reviewers.also were encouraged

to suggest changes in wording of the statements. The reading

level of attitudinal instruments used with elementary school

60

students often poses a problem of reliability and interptetability

of results of those instruments (Aiken, 1969). For that reason,

an experienced fourth-grade teacher was asked to examine the

problem solving attitude item sample solely on the basis of
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readability by fourth-graae students. Any item that was rejected by

at least two reviewers was discarded as inappropriate for inclusion

in the instrument.

It was the author's desire to make the format of the student

attitude scale as appealing as possible to fourth-grade students

and to avoid the use,of "adult" terminology. For this reason,

the typical response format of Likert scales--strongly agree, agree,

undecided, disagree, strongly disagree--was changed to that of really

agree, agree, can't decide, disagree, really disagree. In addition,

one reviewer suggested that some of the attitudinal items might lend

themselves to a "happy/sad faces" format. Consequently, the author

decided to organize the pilot scale in two parts. The first part

consisted of those items which could be written as open-ended

statements and to which students could respond using a "very happy-

to-very sad faces" format. An example of such an item is given in

Figure 4.3.

If we spent more time in school doing math problems,

I would be

Figure 4.3. Example of a mathematical problem solving

attitude item with "happy/sad faces" format.
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The first part of the pilot scale consisted of 14 such statements

and was designed to provide an "informal" measure of each student's

attitude toward mathematical problem solving.

The second part of the pilot attitude scale consisted of 26

items to which the students were to respond using the "really agree-

to-really disagree" format An example of one of these items is

in Figure 4.4.

After I read a problem, I like to think about what I know

and what I don't know in the problem.

REALLY AGREE

AdREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

Figure 4.4. Examplp of a mathematical problem solving
attiNde iteM with modified Likert format.

This part of the scale was designed to provide a more "formal"

measure of each sLudent's attitude toward mathematical problem

solving. The specific nature of many of the items allowed for a

probe into the more subtle ramifications of a student's attitude.

Using the developmental sequence described above, a 40-item

pilot scale was constructed to measure fourth-grade students'
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attitudes toward mathematical problem solving. A copy of this scale

is included in Appendix C. The 14 "informal" items were randomly

ordered to form Part I of the scale. The 26 "formal" items were

randomly ordered to form Part II of the scale. To provide some

control for those students who might unconsciously compare one item

with another, only four or five items were included on each page of

the scale.

The Pilot Test

The pilot version of the student mathematical problem solving

attitude scale was administered by the author to 51 fourth-grade

students in two elementary schools in Madison, Wisconsin. Test-

adminiStration time was approximately 20 minutes. The written

%. directions for the scale were judged to be satisfactory, and no

problems were observed with the administration of the scale or

,with student response to the scale.

The Item Analysis

The item responses of each student were coded on a five-point

scale, ranging from a score of 5 for the most favorable response to

1 for the most unfavorable response. A total scale score of 200

represented the "most favorable" attitude toward problem solving,

a total score of 120 signiLled a "neutral" attitude, and a total,

score of 40 represented the "most unfavorable" attitude; varying

degrees of "favorableness" or "unfavorableness" were represented by

intermediate scores. Mean total score response was 142.9.

S
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An item analysis was performed on Part I, Part II, and the

total scale by using the ITEMPACK program (Campbell & Bohrnstedt)

at the University of Wisconsin Academic Computing Center. The

ITEMPACK program is specially designed for use with Likert scales./

Cronbach's Alpha (Cronbach, 1951), a measure of the internal

consistency reliability of an instrument, was computed for each

part of the scale, and these are given in Table 4.1.

TABLE 4.1

INTERNAL CONSISTENCY RELIABILITIES
FOR PILOT ATTITUDE SCALE pl = 51)

Scale

Number
of Items

Cronbach's
Alapha

Standard Error
of Measurement

Part I 14 .84 3.32

Part II 26 .86 5.36 t,

Total 40 .90 6.41

Tho reliability coefficients were judged to be quite satisfactory

for each part of the scale and for the total scale. As an

additional means of analyzing the internal consistency of an

instrument, the ITEMPACK program uses alsorithms suggested by

Bohrnstedt (1969) to correlate each item score with the total

scale score. The program also calculates corrected item-to-total

correlations using the procedure suggested by Cureton (1966);
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this calculation corrects for the spurious result caused by the in-

clusion of the item in each correlation. The Cureton item-to-total

't*

cOrre1ations for the student scale are given in Appendix C. The

correlations were judged to be acceptable for nearly all items.

-;

For items 7, 13, and 34 the item-to-total correlations were negative;

therefore, these items were eliminated from the scale. For items 9,

17, 19, 22, and 24 a weak positive relationship was noted. Item 9

was dropped from the scale; however, because of the importance of'

*he content of the other ittmis to the attitude being assessed, it

was felt that they should remain in the scale.

The Revised Scale

As a result of the pilot test of the student mathematical

problem solving Attitude scale awl the subsequent item analysis,

a revised 36-item scale emerged. The revised scale consists of

two parts. Part I has 12 items designed to provide an "informal"

measure of a student's attitude toward mathematical problem solving.

Part II consists of,24 items designed to provide a "formal" and

more specific measure of the attitude. The total scale, then,

provides a composite measure of a number of variables which

influence a fourth-grade student's attitude toward mathematical

problem solving. A copy of the revised scale is given in

Appendix D.

Concluding Remarks

This section of the chapter has described the developmental

sequence followed ia the construction of a mathematical prol-lem

52
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zolving attitude scale fqr elementary school Students. The next

section discusses Elle development of a similar scale for use with

elemintary school teachers.

The Teacher Mathematical Problem Solving Attitude Scale

The only existing scale.fcir assessing adult attitudes toward

problem solving (Carey, 1958) was judged,inappropriate for use

with,the teachers who were to participate in the present study,

mainly because it measures general koblem solving a'ttitude, rather

than attitude toward mathematical problem solving. Therefore,

the author concluded that a scale suitable for use with elementary

school teachers would have to be constructed as a part of the

study.

The Construction of the Scale

The Likert method of summated ratings also was selected as

the format for the teacher mathematical problem,solving attitude

scale. A developmental sequence nearly identical to that described.

previously for the student attitude scale was adoptedfor the

construction of the teacher scale. First, a pool of 70 items was

written; each item purportedly measured some aspect of an elementary

teacher's attitude toward mathematical problem solving. The pool

of student items served as a valuable source of ideas for writing
-,

the teacher items. ,Many, of the statements were, in fact, similar

in content and Wording'to those written for the student scale.

A complete list of the original 70 items is given in Appendix'C.

83
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Next, the list of items was submitted to the same panel of

reviewers who examined the student iteMs, and t\hey were asked to

reaCt to the new set of items in a manner similar to that used

1

with the student items. Once again, any item that was rejected

by et least two reviewers was 4iscarded.

The five-part response formatreally agree, agree, can't

decide, disagree, and really diSagree-was used on the teacher

scale. The developmental sequence noted above yielded 50-item

pilot scale. A copy of that scale is given in Appendix C.

The Pilot Test

A pilot version of the teacher mathematical problem Solving

attitude scale was administered by the author to 28 elementary

school teachers. Eighteen of the teachers were enrolled in

graduate courses in the Department of Curriculum and Instruction

at the University of'Wisconsin-Madison. The remaining lO teachers

were members oi the fatulty at an elementary school in Madison',

Wisconsin. Test administration time was approximately 20 mimites,
1

and no problems were observed with the directions given Or with

teacher response to the scale. After the scales had been collected,

the teachers were encouraged to discuss their reactions tb the

scale with the author. Several teachers commented on the,similarity

of content of some items; others noted that the "really Oree-to-

really disgree" response format did not seem appropriate for

several of the items.

8 4
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The Item Analysis

A five-point coding scheme was adopted for coding ,ach response

on the teacher scale so that the maximum possible score was 250, in-

dicative of a "very favorable" attitude toward mathematical problem

solving. A score of 150 indicated a "neutral" attitude, while a

score of 50 meant a "very unfavorable" attitude; varying degrees of

"favorableness" or "unfavorableness" were represented by intermediate

scores. Mean total score response for the pilot sample was 181.5.

TIe ITEMPACK program (Campbell & Bohrnstedt) at the University of

WisconSin Academic Computing Center was utilized once again, and

an item analysis was performed on the scale. ,The internal consistency

reliability (Cronbach, 1951) of the teacher scale was found to be .96,

with standard error of measurement of 5.71. This high level of internal

consistenc'y reliability was not surprising, as many statements were

merely negations of others. The Cureton (1966) corrected item-to-total

correlations for individual items on the scale indicated that items

25, 28, 31, and 44 had very low positive correlations; they were

eliminated from the scale. A close examination of the remaining 46

items showed that many were similar in content. rimore, several

were closely related to a category which mi fit be termed "reactions

to the teaching of problem solving. herefore, the author decided

to do a more extensive revisio f the teacher scale than had been

undertaken with the stud scale. A set of.15 additional items

was written; these ems were designed to assess teachers reactions
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to those activities related to the teaching of various problem solving

skills and processes. The items were submitted to the panel of

reviewers for their examination. In addition, it was decided to

use a second response format--always, usually, sometimes, seldom,

never--with some items on the scale.

The Revised Teacher Scale

The developmental sequence outlined above resulted in a revised

40-item teacher mathematical problem solving attitude scale. A copy

of the scale is included in Appendix D. Thirty-one of the pill

scale items were used. Nine items were included which dealt with

'the teaching of problem solving skills and processes. The total

, scale is designed to provide a composite measure of several variables

which reflect an elementary school teacher's attitude toward mathe-

matical problem solving.

Concluding Remarks

This chapter has described the three instruments used in the

present study. The mathematical problem solving test was developed

by Romberg and Wearne (Wearne, in preparation). The student and

teacher mathematical problem solving attitude scales were con tructed

by the author, and their development has been described tn some

detail. With the availability of instruments design4d to measure

the three main variables of interest in'the study, the questions

of the study could then be investigated. T,JXê next chapter discusses

the conduct of the study.

8 6



Chapter 5

THE CONDUCT OF THE STUDY

The design of this study cif the relationships between

--
certain noncognitiye-lactors and the mathematical problem solying

performance--Of fourth-grade children was reported in Chapter 3,

,

and,-the development of .the three instruments used in the study

was discussed in the last chapter. The study was conducted

according to the plans as described in Chapter 3. However,

because the study was conducted in schools, not in a laboratory

setting, certain modifications in the original plans were ne-

cessitated. The purpose of this chapter is to describe the

details of the conduct of the study and te delineate the

modifications in plans which were necessary. As noted in

Chapter 3 and illustrated in Figure 3.1, the study was conducted

in two parts with two different samples. The conduct of Part I

is discussed first.

Part I of the Study

Chapters 1 and 3 described Questions 1-5 of this study.

Part T was designed to answer those questions. The sample

and the details of: the procedures for this part of the study

are described beloW.

70
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The Sample

The subjects in the sample for Part I of the study were 30

fourth-grade teachers and their fourth-grade mathematics classes.

Fifteen of the teachers and their students were participants

in the large-scale field test of the Developing Mathematical

Processes (DMP) program for at least One year prior to the 1975-76

school year. In addition, they were using the commercial fourth-

grade DMP materials during the 1975-76 school year. The 15 DMP

teachers and their mathematics classes were in six schools in

two different school districts in southern Wisconsin. The re-

maining 15 fourth-grade teachers and their students who partici-

pated in Part I of the study were in seven schools in two different

school districts in southern Wisconsin. These teachers'and

students were not using the DMP program, but were using commercially

available mathematics textbook series. Some of the characteristics

of the sample are summarized in Table 5.1. In that table, Schools 1-6

represent Lhe DMP sample, while Schools 7-13 repreaent thA non-DMP

sample.

All of the students participating in the study were enrolled

in fourth-grade mathematics classes. Their teachers were certi-

ficated elementary teachers with varied educational training and

teaching experience. Each teacher held at least a bachelor's

degree, and seven had earned master's degrees. Years of teaching

experience ranged from 2 to 35; mean number of years taught was

11.8.
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TABLE 5.1

CHARACTERISTICS OF THE SAMPLE FOR THE STUDY

School
No. Multiunit Enrollment

Grades
Enrolled

No. of Classes
Participating

School
Setting

1 no 585 K-6 3 suburban

2 no 354 K-6 2 suburban

3 yes 417 K-6 2 suburban

4 yes
4

251 K-6 2 suburban.

5 no 370 3-5 4 suburban

, 6 no 382 K-5 2 rural

7 no 206 K-7 1 suburban

8 yes 697 K-6 4 suburban

9 yes 535 K-6 3 suburban

lq yes 159 K-6 1 rural

11 yes 611 K-6 4 suburban

12 yes 160 K-6 1 rural

13 yes 177 K-6 1 rural

The Proceduren---

During the second week of December, 1975, the three instruments

of the study were administered to the DMP students and teachers

participating in Part I of the study. All tests Were administered

by the author or by a testing specialist from the University of

Wisconsin Research and Development Center. The testing was carried

out In the classrooms df the participating schools on two different

days.

89
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The mathematical problem solving test was administered on the

first day. Each group of students was given 45 minutes to respond

to the 22 three-part items on the test; some students were unable

to complete all the items in the time allotted. Two days later

the mathematical problem solving attitude scale was administered

to the students; administration time was 20 minutes. While students

responded to the attitude scale, their teachers responded to the

teacher mathematical ?robleursolving attitude scale; response time

for teachers was appoximately 15 minutes. Both students and

teachers were given sufficient time to respond to all items on

the attitude scales.

The author had hoped to condut- the non-DMP testing immediately

following that done with the DMP sample. However, the DMP testing

was completed about one week prick to,the start of the Christmas

holiday period for the schools in southern Wisconsin. Consequently,

the author and the principals of the participating non-DMP schools

41
decided to delay the testing with those students and teachers until

after the holiday period. The resumption of the testing schedule

immediately after the holiday period also was judged unwise.

Therefore, the non-DMP testing was begun during the second week

of January, 1976. The same procedures were followed with the

non-DMP sample as were used with the DMP sample. The mathematical

problem solving test was given on the first of two testing days in

each school. In four of the schools, the matheL.atical problem

50



74

solving attitude scales were administered two days later. However,

because of scheduling difficulties in three schools, the attitude

scales could not be given until four days later. The testing of

nonDMP students and teachers was completed early in the fourth week

of January. The time difference in testing of the DMP and nonDMP

groups was noted, but was not considered serious, since the periods

immediately prior to and immediately following a long holiday

vacation typically are not regarded as effective instructional

periods.

As noted previously the study was designed to be conducted

in two parts. This section has described Part I. The next section

describes Part II.

Part II of the Study

The second part of the study was directed at Questions 6 and 7

as posed in Chapters 1 and 3. Ensuing paragraphs of this section

describe the sample and the procedures for this part of the study.

The Sample

The subjects in the sample for Part II were to be the 15

fourthgtade teachers and their mathematics students from the

DMP sample of Part I. Unfortunately, in the duration between

the first and second testing periods,- one of the participating

teachers resigned. Therefore, the second part of the study was

conducted with 14 teachers and their students, instead of 15,
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as originally planned. The non-DMP teachers and students did not

participate in the second part of the study.

The Procedures

As described in Chapter 3, the second part of the study

involved two different testing periods (Time 1 and Time 2) 4ith

an intervening "treatment" period. The first testing period

has been described previously. The second testing period commenced

during the second week of March, 1976. Scheduling difficulties

and an intervening school vacation period prohibited the com-

pletion of the second round of testing befoLe the last week of

March, 1976.

The testing at Time 2 was conducted in the classrooms of the

participating schools and occurred on two different school days.

Tests were administered by the author and the testing specialist

who had assisted with the testing at Time 1. The mathematical'

problem solving test Wes administered on the first day; this test

was an aliernate version of that used at Time 1. The basic design

of the test was identical to that used earlier; howeVer, each of

the 22 items on the second version had a multip:e-choice format.

A copy of this second problem solving test is given in Appendix B.

Administration time for the mathematAcal problem solving test was

45 minutes, and some students were unable to complete the test in

the time allotted.
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The mathematical problem solving attitude scales were admin-

istered to the students and teachers one day after the administration

of the mathematical problem solving test. Scheduling difficulties

hindered the allowance of two days between testing times as had

been done at Tim: 1; this slight variation in testing times was

not considered serious. The second problem solving attitude scales

contained items identical to those used at Time 1; however, for

this administration, the items on each scale had been re-ra domized.

Copies of the second student and teacher mathematical problem

solving att:itude scales are given in Appendix D. Administration

times were 20 minutes for the student attitude scale and 15 minutes

for the teacher scale. Subjects had ample time to respond to all

items.

The intervening "treatment" period between Time 1 and Time 2

lasted approximately 12 weeks. The duration could not be controlled

precisely because of the difficulties associated with scheduling

convenient .testing times for 14 classes in six different schools in

two different schoolldistricts. The "treatment" itself consisted

of a course of study selected from the regular DMP sequence of

topics for fourth.grade. The only restriction placed on the "treat-

ment" wag that teachers were to select at least one topic from the

problem solving strap] of the DMP program; the remaining topics

were selected from the other content strands (see Appendix A).
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Prior to the testing at Time 1 aU -Flasses had covered the DMP

topics through Topic 52,
InvestigOroblems; 411 but two classes

had covered two additional topics, notably Topics 53 and 54. Without

exception, the topic from the DMP problem solving strand which

teachers elected to cover during the "treatment" period was Topic 57,

The Numbers 0-999,999. The number of additional topics completed

during the "treatment" period ranged from two topics in two,of

the classes to five topics in five of the classes. Mean number

of topics completed was 3.7. All but two classes completed Topic 55,

Representing Common Fractions.
-

Monitoring visits were made to four of the --p-affing'

schools during the "treatmenu" period to be certain that the DMP

topics were actually being taught as requested. These visits were

made by a mathematics learning specialist in that school district.

This yerson was a trained DMP Coordinator (see Montgomery &Whitaker,

1975) and was knowledgeable of both DMP content and DMP methodology.

Monitoring visits to the remaining two schools were deemed unnecessary

as the author had worked closely with the teachers in those schools

during the preceding school year and was confident of the teachers'

ability to teach the DMP topics as requested.

Concludinz_ Remarks

This chapter has summarized the conduct of the study. Because

the setting for the study was in schools and not in a laboratory,

some changes in the original plans were mandated. However, these
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changes were not major, and the basic design of the study was un-

altered from the time of its conception through its conduct. The

data gathered according to the details described in this chapter

were analyzed according to plans described in Chapter 3. The next

chapter discusses the analysis and interpretation of the data.



chapter 6

ANALYSIS AND1INTERPRETATION OF THE DATA

Previous chapters of this paper have described the details of

tbe present investigation up to and including the conduct of the

st1udy. The purpose of this chapter is to discuss the analysis and

interpretation of the data gathered according to the procedures

described in Chapter 5. As noted earlier, the study was conducted

in two parts. To facilitate the discussion, this chapter also is

organized in two parts and begins with the analysis and inter-

pretation of the data which were gathered to answer the questions

of Part I of the study.

Analysis and Interpretation of the Data for Part

Five man questions served as the foci around which the first

part of the study was conducted and the data were analyzed. Each

of those questions and its related ancillary questions are repeated

here; following each is a presentation and discussion of the data

pertaining to that question.

Data for QueAtion 1

The first question of the study was: Do fourth-grade students

have favorable attitudes toward problem solving? In order to answer

79
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this question, a mathematical problem solving attitude scale was

administered to students in 30 fourth-grade mathematics classes

in 13 Wisconsin schools.

The student mathematical problem solving attitude scale con-

sists of 36 items with Likert format. The scale has two_parts.

Part I has 12 items designed to provide an "informal" measure of

attitude. Part II consists of 24 items designed to provide a "formal"

and more specific measure of the attitude. The total scale, then,

provides a composite measure of a number of variables which in-

fluence a fourth-grade student's attitude toward mathematical

problem solving. A copy of the scale is included in Appendix D.

For storing the student mathematical problem solving attitude

scale, item responses of each student are coded on a five-point scale

ranging from a score of 5 for the most favorable response to 1 for

the most unfavorable response. Table 6.1 summarizes the scoring

for each part of the scale and .the total scale. A total scale

score of 180 represents the most favorable attitude toward problem

solving, a score of 108 signifies, a neutral attitude, and a score

of 36 represents the most unfavorable attitude; varying degrees ot

favorableness or unfavorableness are represented by intermediate

scores. As a measure of students' reactions to general types of

mathematics problems, Part of the scale allows scores ranging

from 60 for most favorable to 12 for most unfavorable, with a

score of 36 representing a neutral attitude. Part II of the

scale assesses students" reactions to specific problem situations
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TABLE 6.1

SCORING FOR THE STUDENT MATHEMATICAL
PROBLEM SOLVING ATTITUDE SCALE

Nature of Part I Part II Total

Attitude Score Score Score

Most Unfavorable 12 24 36

Unfavorable 24 48 72

Neutral 36 72 108

Favorable 48 96 144

Most Favorable 60 120 180

and problem solving techniques and permits scores ranging from

120 for most favorable to 24 for most unfavorable, with a scOre

of 72 indicating a neutral attitude.

Table 6.2 gives a summary of the mathematical problem

solving attitude scores for the 619 studentg011o responded to

the-scale. As indicated in the table, the attitude scores of

the fourthgrade students in the sample ranged from unfavorable

to very favorable on ,each of the two parts of the scale and on

the total scale. A comparison of the reported mean scores with

the scoring summary in Table 6.1 indicates that each mean score

lies in the interval between a neutral attitude toward mathematical

problem solving and a favorable altitude toward mathematical

9 8
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TABLE 6.2

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES
OF STUDENTS IN SAMPLE POPULATION (N = 619)

Scale Part Minimum Maximum Mean St. Dev.

I (Informal) 12.0 60.0 43.7 8.4

II (Formal) 38.0 116.0 85.9 12.9

Total (Composite) 52.0 176.0 129.6 18.9

problem solving. However, each mean score is closer to chat indicating

a favorable attitude than to that indicating a neutral attitude. Thus,

the fourth-grade students in the sample seemed to possess favorable

attitudes toward mathematical problem solving as reflected by the

scores on the attitude scale used in the study.

Following the administration of the student mathematical problem

solving attitude scale an item analysis was performed on Part I,

Part II, and the total scale by using the ITEMPACK Program (Campbell &

Bohrnstedt) at the University of Wisconsin Academic Computing Center.

Cronbach's Alpha (Cronbach, 1951), a measure of the internal con-

sistency reliability of an instrument, was computed for each part
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of the scale. For Part I, the reliability coefficient was .85; for

Part II it was .82; the total scale reliability coefficient was .88.

These reliability estimates were judged to be quite satisfactory.

Complete results of the item analysis, including the Cureton (1966)

item-to-total correlations, are given in Appendix E.

Nunnally (1967) has observed that, for instruments which assess

verbalized attitude, content validity is the major issue; further-

more, he maintains that content validity may be inferred if an

instrument is developed using a representative collection of items

and if a sensible method of construction is followed. Both of

these criteria were met for the student mathematical problem solving

.attitude scale; the careful development of the scale was described

in detail in Chapter 4. Another type of validity is face validity,

that is, a judgment regarding whether an instrument appears to

measure what it purports to measure (Sax, 1974). The face validity

of the student scale was assured as a result of the review by a

panel of judges as described in Chapter 4. Other forms of validity,

such as concurrent or construct validity are best established

through repeated use of the instrument in conjunction with other

instruments designed to measure the same or similar traits.
42

One of the two ancillary queries related to Question 1 of the

study was the following: Do differences in attitude toward

problem solving exist if students are classified by sex? The

second ancillary query was: Do differences in attitude toward

100
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problem solving exist if students are classified by mathematics

program type: DMP versus non-DMP? In an effort to answer these

questions, sex-by-program type analyses of variance were performed

on the student attitudinal data. Tables 6.3 through 6.7 summarize

the results of the analyses of variance. Table 6.3 shows the

problem solving attitude scores of students categorized by sex,

and the scores categorized by program type are given in Table 6.4,

The ANOVAs for Part I, Part II, and Total attitude scores are

shown in Tables 6.5, 6.6, and 6.7, respectively. As indicated in

Table 6.3, mean attitude score for boys was slightly higher than

that for girls on Part I of the scale, while for Part II, the

girls' mean score was slightly higher than that of the boys. On

the total scale, the mean total score for girls was again slightly

higher than that of the boys, although boys had higher minimum

and maximum scores than did the girls. According to the ANOVAs

in Tables 6.5, 6.6, and 6.7, none of the indicated differences

was significant at the .05 level.

As noted previously in this paper,15 of the 30 classes in

the study were using the Developing Mathematical Processes (DMP)

curriculum materials; the remaining 15 were not. Table 6,4

shows that when the mathematical problem solving attitude scores

of students were categorized by program type, the mean scores of

the non-DMP sample were slightly higher than those of the DMP

sample for each of the two parts of the scale and for the total

101
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TABLE 6.3

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS

CATEGORIZED BY SEX (N = 619)

Scale Part
Boys (N = 34) Girls (N = 285),

Min./Max. Mean S. D. Min/Max Mean S. D.

I (informal) 12/60 44.0 8.5 14/60 43.4 8.3

II (Formal) 42/116 85.4 12.6 38/116 86.5 13.1

Total 58/176 129.4 18.6 52/172 129.9 19.2

TABLE 6.4

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS

CATEGORIZED BY PROGRAM TYPE: DMP VERSUS NON-DMP (N.= 619)

Scale Part
DMP (N = 324) non-DMP (N = 295)

Min./Max. Mean S. D. Min./Max. Mean S. D.

I (Informal) '19/60 43.0 7.9 12/60 445* 8.8

II (Formal) 45/116 85.7 12.6 38/114 86.2 13.2

Total 69/176 128.6 18.9 52/172 130.7 19.2

*significant at p < .05
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TABLE 6.5

ANOVA FOR PART I ATTITUDE

Source df MS <

Sex 1 29.19 .42 .5174

Program Type 1 411.33 5.91 .0153

Sex X Program Type 1 445.47 6.40 .0117

Error 615 69.59

TABLE 6.6

ANOVA FOR PART II ATTITUDE

Source df MS F P <

Sex 1 220.79 1.34 .2483

Program Type 1 76.96 .47 .4953

Sex X Program Type 1 462.16 2.80 .0950

E.94er 615 165.33

1 o3



87

TABLE 6.7

ANOVA FOR TOTAL ATTITUDE

Source df MS

Sex 1 89.41 .25 .6152

Program Type 1 844.13 2.39 .1228

Sex X Program Type 1 1815.11 5.13 .0238

Error 615 353.57

scale. As indicated by the ANOVAs in Tables 6.5., 6.6, and 6.7,

the differences in mean response were significant at p < .05 only

for Part I of the scale. Because of the small size of the dif-

ferences in mean scores, it would seem that little practical

significance should be attached to these differences.
CD

Table 6.8 presents the mathematical problem solving attitude

scores of students categorized by sex within program type. _Mean

response of non-DMP girls was consistently higher than that of

the other three groups on each of the three scores. In the DMP

sample, the mean response of boys was higher than that of girls

on each of the three scores. As might be suspected from the

ANOVAs in Tables 6.5 and 6.7, there was a significant (p < .05)

1 Li 4



1 88

TABLE 6.8

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF STUDENTS

CATEGORIZED BY SEX WITHIN PROGRAM TYPE

DMP non-DMY

Scale Part Boys (N=170) Girls (N=154) Boys (N=164) Girls (N=131)

(Informal)

Mean 44.0 41.9 44.0 45.2

S.D. 7.8 7.9 9.2 8.3

II (Formal)

Mean 85.9 85.4 84.9 87.8

S.D. 12.1 13.2 13.2 13.0

Total

Mean 129.9 127.2 128.8 133.0

S.D. 17.9 19.2 19.3 18.9

sex-by-program type interaction for Part I and the Total scale scores;

a similar interaction can be noted for the Part II scores, although )

this interaction would be significant only if the significance level

were lowered to .10 (see Table 6.6.). Though interesting, these

interactions probably have little practical significance except to

indicate that the two samples were, in some way, different; the

differences may result from the samples not having been randomly

chosen.
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Data for Question 2

The second question of the study was the following: Do fourth-

grade teachers have favorable attitudes toward problem solving?

In an attempt to answer this question, a teacher mathematical problem

solving attitude scale was administered to the teachers of the 30

fourth-grade mathematics classes involved in the first part of the

study.

The teacher mathematical problem solving aititude scale consists

of 40 items with Likert format. Thirty-one of the items assess

teachers' reactions to types of mathematics problems, problem

situations, and frustration or anxiety experienced when solving

problems. The remaining items assess teachers' feelings with

respect to the teaching of various problem solving skills and

processes. The total scale is designed to provide a composite

measure of several variables which reflect an elementary school

teacher's attitude toward mathematical problem solving.

The scoring of the teacher scale is similar to that of the

student attitude scale. Item responses are coded on a five-point

scale, ranging from a score of 5 for the most favorable response

to 1 for the most unfavorable response. Table 6.9 presents a

summary of the scoring for the teacher attitude scale. A total

scale score of 200 represents the most favorable attitude toward

problem solving, a score of 120 signifies a neutral attitude, and

a score of 40 indicates the mast unfavorable attitude. Varying

106
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TABLE 6.9

SCORING FOR THE TEACHER MATHEMATICAL
PROBLEM SOLVING ATTITUDE SCALE

A'

Nature of Attitude Score

Most Unfavorable 40

Unfavorable 80

Neutral 120

Favorable 160

Most Favorable 200

degrees of favorableness or unfavorableness are represented by

intermediate scores.

Table 6.10 presents information about the mathematical

problem solving attitude scores of the 30 teachers involved in

Part I of the study. The attitude scores of these fourth-grade

teachers ranged from what might be termed "slightly" favorable

to "very" favorable, as evidenced by the minimum score of 134 and

the maximum recorded score of 175. The mean score for the sample

indicates that these teachers did possess favorable attitudes

toward mathematical problem solving as measured by the teacher

scale used in the study.
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TABLE 6.10

MATHLMATICAL PROBLEM SOLVING ATTITUDE SCORES

OF TEACHERS IN SAMPLE (N = 30)

Min./Max. Mean St. Dev.

134/175 156.5 9.6

An ancillary question related to Question 2 was the following:

Do differences in attitude toward problem solving exist if teachers

are classified by type of mathematics program taught: DMP versus

non-DMP? The results of categorizing the problem solving attitude

scores of the teachers in the sample by program type are shown in

Table 6.11.

TABLE 6.11

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCORES OF TEACHERS

CATEGORIZED BY TYPE OF PROGRAM TAUGHT: DMP VERSUS NON-DMP

Program Type Min./Max. Mean St. Dev.

DMP (N = 15)

Non-DMP (N = 15)

141/175

134/165

158.9

154.1

9.4

9.6
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The data reported in this table indicate that, though both groups of

teachers had favorable attitudes toward problem solving, the attitudes

of the DMP teachers were slightly more favorable than those of the

non-DMP teachers. HoWever, it is obvious from the data in Table 6.11

that the difference in mean scores is not significant.

'The ITEMPACK program (Campbell & Bohrnt.tedt) was used to perform

an item analysis on the teacher mathematical problem solving attitude

scale after ita administration. The internal consistency reliability

(Cronbach, 1951) of the scale was found to be .80. Though the re-

liability estimate was somewhat lower than anticipated, it was judged

to be satisfactory, given the relatively small sample size (N = 30)

on which the item analysis was based. A possible explanation for the

lower than expected reliability estimate can be attributed to the

fact that silt items on the scale had negative Cureton (1966) item-

to-total correlations. More detailed results of the ;item analysis

for the teacher scale are found in AppeAix E.

As noted in Chapter 4, the teacher mathematical problem solving

attitude scale was developed according to the same plan aa the

student attitude scale. Because of its careful development, content

validity and face validity of the scale may be inferred (Nunnally,

1967). Other types of validity, such as concurrent or construct

validity may be inferred for the instrument as it receives use

with other populations in conjunction with measures of the same

or similar traits.

.109
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Data for Questnil 3

The third question investigated in this study was: How do

fourth graders perform on a test of problem solving performance

which provides measures of comprehension, application, and problem

solving? In order to answer this question, a mathematical pXoblem

solving test developed by Romberg and Wearne (see Wearne, in

preparation) was administered to the students in the 30 fourth-

grade mathematics classes participating in Part I of the study.

The mathematical problem solving test was described in detail

in Chapter 4. Each of the 22 three-part items on the test contains

a comprehension, an application, and a problem solving,question.

Thus, three separate scores, rather than a single total score, are

reported for each child. Table 6.121i8ts the Hoyt reliability

estimates for each of the parts of the problem solving test for

the DMP and non-DMP samples; total test reliabilities are also

included in the table. A complete discussion of the psychometric

properties of the tt,est can be found in Wearne (in preparation).

The results of the administration of the mathematical problem

solving test are summarized in Table 6.13. The comprehension items

on the test assess a child's understanding of information presented

either explicitly or implicitly in the item stem. As Table 6.13

indicates, the mean number of comprehension items solved correctly

by the students in the fourth-grade sample was 15.00. The application

items on the tests involve fairly straightforward applications of a

11 0
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TABLE 6.12

HOYT RELIABILITIES OF MATHEMATICAL PROBLEM SOLVING TEST
FOR DMP AND NON-DMP SAMPLES

Items
Number of

Items
Reliability Standard

Error

Comprehension 22 .63 1.9

DMP Application 22 .71 2.0

Problem Solving 22 .60 1.6

Total Test 66 .84 3.2

Comprehension 22 .74 1.9

NON- Application 22 .79 1.9

DMP
1

Problem Solving 22 .64 1.5

Total Test 66 .89 3.1

TABLE 6.13

MATHEMATICAL PROBLEM SOLVING PERFORMANCE SCORES
OF STUDENTS (N = 611)

Items

Number
of Items Min./Max. Mean St. Dev.

Comprehension 22 2/22 15;00 3.5

Application 22 1/20 9.50 3.9

Problem Solving 22 0/15 3.19 2.5
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rule or concept to a situation. The mean number of application items

solved correctly was 9.50. Each of the problem solving items on the

test presents a situation which involves other than a routine applica-

tion of some principle; and so, neither the solution nor the method

of solution is readily apparent. The mean number of problem solving

items correctly solved by the fourth graders in the sample was 3.19.

The decrdase in mean number of problems solved correctly for each

of the types listed in Table 6.13 is not surprising, but, rather

is to be expected since each application item is more difficult than

its preceding comprehension item, and each problem solving item is

more difficult than its preceding application item.

One of the ancillary queries related to Question 3 of the study

was the following: Do differences in problem solving performance

exist when students are classified by sex? .The second ancillary

query was: Do differences in problem solving performance exist when

students are classified by mathematics program type: DMP versus

non-DMP? In an attempt to answer these two questions, sex-by-

program type analyses of variance were performed on the student

comprehension, application, and problem solving data. Tables 6.14

to 6.18 summarize the results of this phase of the data analyses.

Table 6.14 gives the problem solving scores of students categorized

by sex, and the problem solving scores of students categorized by

progiam type are shown in Table 6.15. The results of the ANOVA

for the comprehension, the application, and the problem solving

scores dre shown in Tables 6.16, 6.17, and 6.18, respectively.
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TABLE 6.14

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS

CATEGORIZED BY SEX

Boys (N=331)
'Girls (N=280)

Items Min./Max. Mean St. Dev. Min./Max. Mean St. Dev.

Comprehension
4/22 14.80 3.6 2/22 15.25 3.3

Application
2/20 9.54 4.0 1/19 9.43 3.8

Problem Solving 0/15 3.27 2.7 0/15 3.10 2.2

1 3



TABLE 6.15

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS

CATEGORIZED BY PROGRAM TYPE

DMP (N=316)
Non -DMP (N=295)

Comprehension 7/22 15.52* 3.1 2/22 14.46 3.8

Application 2120 9.99* 3.6 1/19 8.95 4.2

Problem Solving 0/15 3.27 2.4 0/15 3.11 ' 2.5

* Significant at p < .01



TABLE 6.16

ANOVA FOR COMPREHENSION SCORES

98

Source df MS P <

Sex 1 29.93 2.55 .1111

Program Type 1 152.17 12.95 .0003

Sex X Program Type 1 45.91 3.91 .0486

Error .
607 11.75

TABLE 6.17

ANOVA FOR APPLICATION SCORES

Source df MS F P <

Sex J.
1.79 .12 .7301

Program Type 1 151.53 10.06 .0016

Sex X Program Type 1 52.87,, 3.51 .0615

Error 607 15.06

TABLE 6.18

ANOVA FOR PROBLEM SOLVING SCORES

Source df MS P

Sex 1 4.44 .72 .3975

Program Type 1 3.77 .61 .4353

Sex X Program Type 1 1.90 .31 .5799

Ertor 607 6.19

15
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Table 6.14 shows that the mean comprehension score for girls was

higher than that for boys, but, as evidenced by the ANOVA for

comprehension in Table 6.16. this difference was not significant

at tge .05 level. Table 6.14 also indicates that boys' mean

application and problem solving scores were higher than those of

the girls in the sample, but the differences in performance were

not significant (see Tables 6.17 and 6.18).

When the mathematical problem solving scores of students were

categorized by program type (Table 6.15) DMP students' performance

was better than that of the non-DMP students on each part of the

problem solving test. The ANOVAs in Tables 6.16, 6.17,and 6.18

indicate that the differences in performance were significant at

the .01 level for comprehension and application scores, but were

not significantly different for problem solving scores at this

or the .05 level.

Table 6.19 presents the problem solving scores of students

categorized by sex within program type. Mean performance of DMP

boys was consistently higher than that of DMP girls on each of the

three parts of the test. On the other hand, in the non-DMP sample,

'the mean performance of girls was higher than that of boys on

comprehension and application, but the mean problem solving score

of boys was higher than that of girls. Table 6.16 shows that there

was a significant (p < .05) sex-by-program type interaction for the

1 6



TABLE 6.19

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS

CATEGORIZED BY SEX WITHIN PROGRAM TYPE

DMP Non -DMP

Items Boys (N=168) Girls (N=148) Boys (N=163) Girls

Comprehension

Mean 15.57 15.46 14.01 15.01

St. Dev. 3.2 3.1 3.9 3.5

Application

Mean

St. Dev.

10.32

3.7

9.62,

3.5

8.73

4.1

9.21

4.2

Problem Solving

Mean 3.41 3.12 3.14 3.08

St. Dev. 2.7 2.1 2.7 2.4

(N=132)

1 1 7
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comprehension resu:gts and a similar interaction approaching

significance (p < .06) for the application results. No such

interaction was apparent with respect to the problem solving scores.

Data for Question 4

The fourth question of the study was as follows: What is the

relationship between fourth-grade students' attitudes toward problem

solving and their performance in'problem solving? The DSTAT2 program

(Wetterstrand, Learn, & Wolfe, 1973) at the University of Wisconsin

Academic Computing Center was used to calculate several correlation

matrices in an effort to answer this question and its ancillary

queries. The DSTAT2 program computes a covariance matrix between

two variables using the following computational formula:

m y
N-1

cx . R )(x R ).
rp,;1

In this formula m
ij

represents the i, j
th element in the matrix.

This covariance matrix is then used to compute a product mouunt

correlation matrix with i,j
th element according to the following

formula:

r
j

=i vm
Ii jj

ij

The program utilizes a bivariate subbample method for missing data;

each subsample consists of data pairs in which the data values for

both variables in the pair are present.
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Another option of the DSTAT2 program is the use of a transforma-

-,

tion recommended by Hayes (1973) for testing the significance of a

given correlation coefficient. This algorithm is Fisher's Z-trans-

formation and is defined by the follmaing formula:

1 + r
jk

Z u -
jk 2 --be 1 r

jk)
1

Corresponding to each value of Zik is a significance test probability

which is the probability that a unit normal variate is greater than

1Zjk 1.
If the test probability is less than a given level of sign-

ificance, then the corresponding correlation is significantly different

from zero at the given significance level. The Fisher Z-transformation

was used as a test of significance for the correlation coefficients

in the present study.

The correlation matrix for students' mathematical problem solving

attitude and performance sebres is presented in Table 6.20. Correlations

between the three student attitude scores and the three problem solving

scores are shown in the table. Significant positive correlations

(p < .01) exist between each of the attitude scores and each of the

problem solving scores. Aside from the strong intercorrelations

which exist between the various parts of each instrument, the strongest

correlations are found between students' Part II attitude scores and

and their comprehension, application, and problem solving scores.

Part II of the attitude scale aRseRsts students' reactions to such

11 9
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TABLE 6.20

.CORRELATION MATRIX FOR STUDENTS' MATHEMATICAL PROBLEM SOLVING

ATTITUDES AND MATHEMATICAL PROBLEM SOLVING PERFORMANCE

(N = 579)

Att. I Att. II
Total
Att.

Comp. Appl. Prob. S.

Att. I

Att. II

Total Att.

Comp.

Appl.

,Prob. S.

1.00

.55*

.82*

.12*

.15*

.15*

1.00

93*

.24*

.31*

.25*

1.00

.21*

27*

.23*

1.00

.69*

49*

1.00

.69* 1.00

*significant at p < .01

things as problem solving techniques or problem situations, and to

the frustration or anxiety experienced when confronted with various

problem solving situations.

One of the ancillary queries related to Question 4 of the study

was: Do differences in this relationship (between attitudes-toward

problem solving and performance in problem solving) exist if students

are classified by sex? Table 6.21 summarizes the correlations be-

tween student attitude and problem solving scores classified by sex.

As evidenced by the data in the table, significant positive
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TABLE 6.21

CORRELATIONS BETWEEN STUDENT ATTITUDE SCORES AND STUDENT PROBLEM

SOLVING SCORES CLASSIFIED BY SEX

Problem Solving
Items

Attitude

Part I Part. II Total

Bdys
Comprehension

Application

.11**

.17**

33**

.36**

(N=312)
Problem Solving .15** .27**

Comprehension .13* .12* .14*

Girls
Application .12* .24** .21**

(N=267)
Problem Solving .15* .23** .22**

*-significant at p < .05

** significant at p < .01

correlations exist, for'both boys and girls, between each of the attitude

scores and each of the problem solving scores. Though all correlations

for the boys' data are significant at the .01 level, some correlations

in the girls' data :re iignificant only at the .05 level. The

correlations between boys' Part II and Total attitude scores and each

of their problem solving test scores are clearly higher than those of

the girls for corresponding scores. However, the correlation between

girls'- Part I attitude scores and their comprehension scores is higher
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than that of,the boys; the girls correlation is eignificant only at

the .05 level, while that for the boys is significant at the .01

level. , This seeming.inconsistency in significance levels can be

explained because there were fewer girls than boys in the sample,

and the Fisher Z-transformation used for the significance test is

dependent upon the number of subjects in the sample.

The second ancillary query for Question 4 was the following:

Do differences in this relationship (between attitudes toward problem

so/Ving and performance in problem solving) exist if students are

classified by mathematics program type: DMP versus non-DM"? The

correlations.between student attitude and problem solving scores

classified by program type are shown in Table 6.22. As the table

indicates, all correlations are positive. However, those for the

non-DMP sample are all significant at the .01 level and are clearly

stronger than those of the DMP sample. Only four of the correlations

were significant at the .01 level for the DMP sample, and very weak

relationships are shown between Part I and Total attitude scores

and the comprehension scores for the DMP sample.

Exploratory Analyses for Question 4

As a result of the rather weak relationships found between DMP

student problem solving attitude and performance (see Table 6.22),

additional data analyses were undertaken to explore those relation-

ships. In an analysis of the psychometric characteristics of the

122



106

TABLE 6.22

'CORRELATIONS BETWEEN STUDENT ATTITUDE SCORES AND STUDENT

PROBLEM SOLVING SCORES QLASSIFIED'BY PROGRAM TYPE

Problem Solving
Test

Attitude

Part I Part II Total

Comprehension .03 .12* .09

DMP
Application .11

(N=.302) Problem Solving .12* .16**

Comprehension .21** 35** 34**

non-DMP
Application .20** ,43** 39**

(N--.277)

Problem Solving 18** 34** .31**

* significant at p <

* * significant at p < .01

mathematical problem solving test,' Wearne (in preparation) performed

a cluater analysis on. the DMP problem solving test results obtained ,

in the present study. Using Ward's cluster analysis procedure (see

Johnson, 1967), four clusters of students were identified. Two of

those clusters were of interest for the exploratory analyses described

here. The first cluster included 15 students who had shown high

performance,on the problem solving test; the mean scores for those

students are shown in Table 6.23. The second cluster included 91

students who had demonstrated low performance on the problem solving

test; their mean scores are also shown in Table 6.23.
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TABLE 6.23

MATHEMATICAL PROBLEM SOLVING SCORES OF STUDENTS
IN HIGH (N=15) AND LOW (N=91) CLUSTERS

Cluster Items Mean Standard Deviation

Comprehension 19.46

High Application 16.92

Problem Solving 10.07

Low

1.9

1.8

1.9

Comprehension 11.93

Application 6.27

Problem Solving 1.59

2.1

1.7

1.1

The higll cluster and the low cluster were utilized because it

was felt that the problem solving attitudes of the students in those

clusters might be more predictable than those in the other two

clusters; that is, one would expect good problem solvers to have

favorable attitudes toward problem solving and poor problem solvers

to possess less than favorable attitudes toward problem solving.

As indicated in Table 6.24; those conjectures were indeed borne out

by the data for the high and low problem solving clusters. Students'

mean total attitude score.in the high cliister was approximately 13

points above the mean score for the DMP sample (see'Table 6.4).
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TABLE 6.24

MATHEMATICAL PROBLEM SOLVING ATTITUDE 'SCORES OF

STUDENTS IN HIGH (N=l3) AND LOW (N=82) CLUSTERS

Cluster
Scale
Part

Mean
Standard

Deviation

Hi.gh

Low

I (Informal)

II (Formal)

Total

47.8

93.8

141.6

8.5

10.4

16.5

I (Informal)

II (Formal)

Total

42.7

84.5

127.2

7.3

10.2

14.5

The mean total attitude score of students in the low cluster wad

about two points below the mean for all DMP students in the sample.

Product moment correlations were also computed between student

attitude scores and student problem solving scores within the high

and low clusters. These are given in Table 6.25. Within the low

cluster correlations were weak and rather inconsistent; for.students

who are poor problem solvers this result is, perhaps, not surPrising.

Within'the high cluster, :the correlations between attitude scores

and comprehension scores were negative; on the other hand, for the
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TABLE 6,25

CORRELATIONS BETWEEN STUDENT ATTITUDE SCORES AND STUDENT PROBLEM

SOLVING SCORES WITHIN HIGH AND LOW CLUSTERS

Cluster
Problem Solving

Items

Attitude

Part I Part II Total

Comprehension -.15 -.38, -.32
,

High Application .36 .1'6 .28

Problem Solving .32 .24 .32

Comprehension -.19 -.01 -.10

Low Application .15 .11 IS

Problem Solving .10 .01 .05

application and problem solving scores, the correlations were positive

and somewhat stable. The results for the high cluster seem to in-

dicate a negative relationship between attitude scores and scores on

ose problem solving items which good problem solvers might not find

rticularly interesting; however, for the items that better problem

solvers might find intriguing, there were stronger correlations

between attitude and performance.

1

The results of the additional analyses performed with the DMP

sample suggest that, with groups of.students for whom there are

marked differences in problem solving performance, there are also
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differences in problem solving attitude. These results seem to

indicate that, at least for this aample, differences in problem

solving attitude may be dependent upon who the students are,

that is, whether good, poor, or other types of problem solvers.

The results also suggest that the relationships between problem'

solving attitude and performance may vary according to the caliber

of students' problem solving performance.

Data for Question 5

The fifth question of the study was the following: What is

the relationship between fourth-grade teachers' attitudes toward

problem solving and their students' performance in problem solving?

In order to answerthis question, mean student scores were calculated

by class for each of the three parts of the problem solving test.

Table 6.26 summarizes the teacher attitude scores and the mean

student problem solving scores by class. In an effort to determine

the relationship between the teacher scores and the mean student

scores, product moment correlations were computed. Those correlations

are presented in Table 6.27. For the fourth-grade classes involved

in the present study, very weak and non-significant negative re-
,

lationships existed between teachers' problem solving attitudes

and their students' mean problem solving perfortance on each of

the three parts of the mathematical problem solving test.
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TABLE 6.26

TEACHER ATTITUDE SCORES AND MEAN STUDENT
PROBLEM SOLVING SCORES BY CLASS

Class
No.

Class
Size

Teacher
Attitude
Score

Mean Student Scores

Compre-
.hension

Appli-
cation

Problem
Solving

1- 24 159 13.08 8.33 2.46

2 19 149 16.32 12.58 5.11

3 25 170 13.84 8.32 2.12

4 11 141 18.55 13.64 4.73

5 26 160 15.35 9.42 2.85

6 27 175 14.67 8.63 2.63

7 9 164 17.11 13.67 5.78

8 12 156 16.83 12.17 4.67

9 21 145 16.00 9.71 3.38

10 20 158 14.90 8.80 2.90

11 21 167 15.95 10.33 3.76

12 24 159 16.75 10.33 3.75

13 24 157 16.00 9.79 2.83

14 31 154 16.23 11.65 3.68

15 22 169 14.55 7.86 1.82

16 32 160 12,03 8.06 2.87

17 23 159 16.77 12.36 4.91

18 23 165 14.86 9.38 3.76

19 22 144 14.50 7.06 1.69

20 23 163 15.76 9.81 3.29

21 24 158 15.38 9.86 4.29

22 24 163 13.18 8.09 3.14

23 23 142 14.83 9.00 2.57

24 14 134 10.77 5.23 1.23

25 8 141 17.86 14.00 6.57

26 8 155 13.25 5.37 1.62

27 11 155 13.36 8.36 2.27

28 15 165 15.71 9.73 2.93

29 20 154 16.85 11.20' 3.95. '

30 25 153 14.28 8.12' 2.80
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TABLE 6.27

CORRELATIONS BETWEEN TEACHER MATHEMATICAL
PROBLEM SOLVING ATTITUDE AND MEAN STUDENT
MATHEMATICAL PROBLEM SOLVING PERFORMANCE

Comprehension Application Problem Solving

Teacher Attitude -.05 -.06 -.08

The fiist ancillary query related to Question 5 was:

differences in this relationship (between teachers' attitudes

toward problem solving and their students' performance in problem

solving) exist if students are classified by sex? Table 6.28

gives the product mdient correlations that were calculated between

teacher at'titude scores and the mean problem solving scores for

TABLE 6.28

CORRELATIONS BETWEEN TEACHER MATHEMATICAL
PROBLEM SOLVING ATTITUDE AND MEAN MATHEMATICAL
PROBLEM SOLVING PERFORMANCE: BOYS VERSUS GIRLS

Girls Boys

Comp. Appl. Prob. S. Comp. Appl. Prob. S.

Teachei Attitude . 8. .10 ,16 -,16 .-.17 -.19
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the boys and girls in their Classes. The correlations in this

table suggest a weak, non-significant positive relationship between

girls' problem solving performance and their teachers' attitudes

toward problem solving. Ori, the other hand, the data in the table

suggest a weaknon-significant, negative relationship between

boys' problem solving performance and their teachers' attitude

toward problem solving. The data here must be viewed and inter-

preted with some caution, however, as three of the participating

classes had fewer than 10 students. Thus, cell sizes are extremely

small for several classes when computing mean performance by sex

of the student. The findings in Table 6.28 are suggestive at best.

The second ancillary query for Question 5 of the study was as

follows: Do differences in this relationship (between teachers'

attitudes toward problem solving and their students' performance

in problem solving) exist if students are classified by mathematics

program type: DMP versus non-DMP? In the descriptive statistics

presented earlier in Table 6.26, classes 1-15 are from the DMP

sample, and classes 16-30 are from the non-DMP sample. The

correlation coefficients between teacher attitude and mean student

performance by program type are given in Table 6.29. Strong

negative relationships existed between DMP teacher attitudes and

the problem solving performance of their students. Using the

Fisher.2-transformation as a significance test, the correlations

between DMP-teacher attitude and the mean comprehension and
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TABLE 6.29

CORRELATION BETWEEN TEACHER MATHEMATICAL

PROBLEM SOLVING ATTITUDE AND MEAN STUDENT

MATHEMATICAL PROBLEM SOLVING PERFORMANCE: DMP YERSUS NON-DMP

DMP Non -DMP

Comp. Appl. Prob. S. Comp. Appl.. Prob. S.

Teacher Attitude -69* -55* -.47 .16 .18 .19

* Significant at p < .05

application scores of their students were found to be significant at

the .05 level; the correlation between DMP teacher attitude and mean

student problem solving scores was not significant at the .05 level.

The correiations'fbr the non-DMP sample, on'the other hand, are all

positive, but non-significant. As a result of the negative correlations

found between teacher attitude and mean problem solving performance

of their students, several exploratory analyses were undertaken in

an effort to explain these rather surprising results.

Exploratory Analyses for Question 5

This section briefly'describes data analyses undertaken to

explore the substantial negative correlations which were found in

131
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the DM? sample between teacher problem solving attitude and student

problem solving performance. Once computer error was ruled out as

a possible explanation, the PICT1 program (Allen, Learn, Schlater,

& Wolfe, 1975) was utilized to obtain scatter plots of DMP teacher

attitude scores and the mean comprehension, application, and

-problem solving scores of their students. These scatter plots

are included in Appendix F. The negative correlations shown in

_Table 6.29 were verified by the scatter plots; thus, a rather clear

negative relationship in the data was apparent.

Fletcher (1968) has observed that relationships based on

class means should be interpreted with great care, since extreme

observations may have a significant effect on mean score for the

class. In an attempt to determine if there were extreme observations

in the DMP sample, "massive" scatter plots were obtained for all

student ...omprehension, application, and problem solving scores in

the sample. Each stndent score was plotted against teacher attitude'

score for each of the 15 classes. No extreme observations were

appa,,nt in individual student scores, but the "massive" scatter

plots also verified the negative trend in the data. The "massi've"

scatter plots are not included in this paper as the size of the.

4
computer printouts prohibited their reduction to a size which

would maintain legibility of the.data.

As the data were examined, it was noted that the teacher with

the lowest attitude score taught a class whose mean problem solliing
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score was 5.19; on the other hand, the class whose teacher had the

highest attitude score had a mean problem solving score ot 2.55.

The problem solving scores of these two classes'reflected the

homogeneity of each class; that is, the class with 19w problem

solving mean was a slow group of students, while the group with

the higher mean was above-average in mathematical ability. In

fact, the above-average class had received instruction in approx-

iinately four more DMP topics than the slower group. Thus, the data

of the present sample seem to indicate that the problem solving

performance of students may be more related to opportunity to learn

than to teachei problem solving attitude.

The data analyses for Question 5 of the study suggest.that the

results may be an artifact of this group of teachers and students.

Though a rather clear negative trend in the relationship between

DMP teacher attitude and student performance was apparent, it must

be noted, that the DMP data are based upon a small, selected sample

of teachers, all of whom expressed favorable attitudes toward mathe-

matical problem solving; thus, variance in attitude scores was

slight. In this situation, when only a small portion of the dis-

tribution for the total population is examined, Hayes (1973) has

observed that generalizations about the true nature of the re-

lationships among the variables should be viewed with extreme

c'aution.
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Concluding Remarks

Thia part of Chapter 6'has discussed the analysis.and inter-

pretation of the data for the five main questions and several

ancillary questions investigated in Part I of the study. Conclusions

resulting from the discussion in the various sections of this part

of the chapter will be presented in Chapter 7. The next part of

the present chapter discusses the analysis and interpretation of

the data for the two main and two ancillary questions investigated

in Part II of the study.

Analysis and Interpretation of the Data for Part II

The second part of the study was diref!ted at the two remaining

major questions posed in Chapters 1, 3, and 5. Those questions

pertained to the directional relationships existing between teacher

problem solving attitudes and student problem sO141g performance

and attitudes. Simple correlational procedures cannot answer such

questions of cause and effect. However, Campbell and Stanley (1963)

have discussed a quasi-experimental design which can provide clues

regarding the direction of relationship between teacher attitude

and student attitude and performance. The design employs timo as

a third Variable and is called cross-lagged panel correlation.

This design was employed for the second part of the present study;

:a complete descriOtion of.the design was given in Chapter 3 And

discussed again in Chapter 5.

134
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The basic plan for Part II of this study involved problem

.solving testing at two different times (Time 1 and Time 2), with

an intervening "treatment" period.. Only the DMP sample of teachers

and students was involved in this part of the study. At eaciv

testing time three instruments were administered: (1) the student

mathematical problem solving test; (2) the student mathematical

problem solving attitude scale; and (3) the teacher mathematical

problem solving attitude scale. 'The "treatment" was not rigidly

controlled, but did entail instruction from the regular sequence

of DMP topics. The cross-lagged panel correlational technique,

as recommended by Campbell and Stanley (1963) for this type of

study, will be discussed as the data for each question are

presented.

Data for Question 6

The sixth question of the study was the following: Do fourth-

grade teachers' attitudes toward problem solving affect their

students' problem solving performance or is the effect of the

opposite nature? In an effort to answer this question, teacher

problem solving attitude data and student problem solving

performance data were gathered at two different times (Time 1

and Time 2). The descriptive Statistics for these data are

presented in Table 6.30. Fifteen DMP classes particiapted in

this part of the stdy. However,.the teacher of Class 9 who
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TA.BLE

DESCRIPTIVE STATISTICS FOR TEACHER ATTITUDE AM STUDENT
PERFORMANCE AT TIME 1 AND TIME 2

Class
Number

Time 1
Time 2

Teacher
Attitude
Score

Mean Student Scores*

Teacher
Attitude
Score

Mean Student Scores*

C A - A'

1 159 13.08 8.33 2.46 161 14.70 10.85 4,37

2 149 16.32 12.58 541 151 18.11 14.28 6.94

3 170 13.84 8.32 2.1'2 179 15.00 9.97 3.76

4 141 18.55 13.64 4.73 170 18.73 15.64 7.55

5 160 15.35 9.42 2.85 160 15.92 12.52 4.28

6 175 14.67 8.63 2.63 16g 14.30 10.00 3.41

7 164 17.11 13.67 5.78 160 17.42 14.17 6.50

8 156 16.83 12.17 4.67 163 17.45 14.36 5.82

9 145 16.00 9.71 3.38 ** 15.11 10.95 3.53

10 158 14.90 8.80 2.90 172 16.48 11.52 5.48

11 167 15.95 10.33 3.76 170 15.91 11.04 5.65

12 159 16.75 10.33 3.75 166 16.96 12.24 5.12

13 157 16.00 9.79 2.83 171 15.54 11.46 4.65

14 154 16.23 11.65 3.68 153 15.15 11.08 4.35

15 169 14.55 7.86 1.82 171 14.76 11.08 3.92

* C:

A:

P:

Comprehension
Application
Problem Solving

** Not available 136
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_participated at Time 1 resigned prior to the testing period At

Timai(2; thus, complete data were available for only 14 classes.
1:

In addition to the teacher attitude scores at Time 1 and Time 2-,

Table 6.30 gives'the mean student scores on each part of the

problem solving test.

The rather substantial negative correlations found between

DMP teacher problem solving attktudes and mean student problem

solving performance at Time 1 suggested the sagacity of examining

these relafionships at Time 2 as well. The correlations for Time 2

are presented in Table 6.31. Though the relationships between

teacher attitude and mean student performance at Time 2 are also

negative, the correlations are not significant, and the relation-
,

ships are tuch weaker than at Time 1. These findings, however,

support the negative trend observed in the data at Time 1.

TABLE ,6.31

CORRELATIONS OF,TEACHER ATTITUDE AND STUDENT

PROBLEM SOLVING PERFORMANCE AT TIME 2

Comprehension Application Problem
Solving

Teacher Attitude -.Z7 -.39 -.28
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-Another point worthy of note is that the correlation between

teacher att-itude scores st Time 1 and teacher attitude scores at

Time 2 was .41. A stronger relationship between adult attitudes

at two different times might have been expected. This finding

suggests that either the attitudes of the teachers in this sample

are rather unstable or that the internal conaistency of the teacher

attitude scale needs to be improved. It is possible, of conrse,

that both of these observations are true. At any rate, the data

reported in Table 6.31 and in this paragraph support the contention

expressed earlier in this paper that the findings of the study

regarding the relationship between DMP teacher attitude and

student performance are suggestive and warrant further investigation.

As noted previously, merely calculating the correlations

between teacher scores and student scores for each time period

does notTrovide information regarding caw and effect as posed

in Question 6 above. Instead; cross-lagged pane14orrelations

(Campbell & Stanley, 1963) were computed. The correlation

between teachers' attitude scores at Time 1 and their students'

mean problem solving scores at Time 2 (r12) were calculated,

as was the correlation between teacher attitudes at Time 2

and the means of the problem solving scores of their students at

'Time 1 (r21). These correlations are shown in Table 6.32.

Campbell and Stanley (1963) suggest that if one of the cross-lagged

1 38
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TABLE 6.32

CROSS-LAGGED CORRELATIONS:
TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT PERFORMANCE (rp)
AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT PERFORMANCE tr

21
)

Cross-lagged
Correlations Comprehension Application Problem Solving

r
12

r21

-.72

-.25

-.72

-.50

-.69

-.53

*ignificant difference in correlations at p < .01

correlations is signficantly more positive than the other, then this

provides evidence regarding which variable has the greater'effect

on the other.

Hayes (1973) has suggested a method of testing the significance

of the difference between two correlation coefficients. This method

is based upon-the Fisher Z-transformation, and the test statistic

is provided by the ratio

Z
1

Z
2 ,

a
(Z

1
Z
2
)

where Z
1
represents the transformed value of the correlation

coefficient for the first sample, Z2 the transformed value for



the second, and

a
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The test statistic in the preceding paragraph was employed to

determine the signifiance of the differences between the pairs of

correlations in Table 6.32. As noted in the table, each of the

differences is significant at p.< .01, Since
r21

is significantly

more positive than r12 for each of the parts of the mathematical

problem solving test, it may be inferred that initial mean student

problem solving performance had a greater effect on final teacher

attitudes than initial teacher attitudes had on final mean student

problem solving performance.

The ancillary question related to Question 6 dealt with the

directional relationship between teacher attitudes and student

performance when the data are grouped by sex of the student.

Table 6.33 presents the cross-lagged correlations which were

computed separately for boys and girls. For each part of the

mathematical problem solving test, r
21

is more positive than

r
12'

However, the difference between r 21 and r
12

for boys on

the third part of the mathematical problem solving test is not

significant. For girls, the directional relationship between

teacher;attitude and student performance,is the same as for the

It
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TABLE 6.33

CROSS-LAGGED CORRELATIONS FOR BOYS VERSUS-GIRLS:

TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT PERFORMANCE (r1)

AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT PERFORMANCE Ir21)

Cross-lagged
Correlations

Comprehension Application Problem Solving

Boys

Girls

r12

r
21

-.57

-.26

-.73

* ,

-.47

-.52

-.51

r12

r21

-.73

-.19

-.56

4.36

-.68'

-.47

* significant difference in correlations at p < .01

total,sample; that is, girls' initial mean problem solving performance

had a greater effect on final teacher attitudes than initial teacher

attitudes had on girls' final mean problem solving performance. For

boys, however, the preceding inference could only,be made for com-

prehension and application parts of the problem solving test. The

inferences made with regard to the directional relationships,based

on comparisons of boys' and girls' correlations must be viewed with

some caution. As noted earlier in Table 6.26 three of the DMP

classes had fewer than 15 students, and so the computation of mean

141
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scores by sex of the student was based upon very small cell sizes

for those classes.

Data for Question 7

The last majox question of the present study was as follows:

Do fourth-grade teachers' attitudes toward problem solving affect

their students' attitudes towad problem solving or is the effect

of the opposite nature? Teacher and student problem solving

attitude data were gathered at two different times (Time 1 and

Time 2) in an attempt to answer Question 7. Table 6.34 gives the

descriptive statistics for these data. As was noted for Question 6,

complete data were available only for 14 of the 15 DMP classes in

the sample as one class changed teachers between the first and

second testing periods. Besides the teacher attitude scores,

Table 6.34 lists the mean student responses on each part of the

mathematical 'problem solving attitude,scale.

Once again, rather than calculating simple correlations between

teacher and student attitude scores, the cross-lagged panel cor-

relational technique was employed. The correlation between

teachers' attitudes at Time 1 and the means of the problem solving

attitude scores of their students at Time 2 (r12)were computed,

as well as the correlation between teacher attitudes at Time 2 and

the means of the problem solving attitude scores of their,students

st. Time 1 (r21). Table 6.35 gives these correlations. The
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TABLE 6.34

DESCRIPTIVE STATISTICS FOR TEACHER ATTITUDE AND STUDENT

ATTITUDE AT TIME 1 AND TIME 2

Class
-Number

Time 1
Time 2

Teacher
Attitude
Score

Mean Student Scores*
Tea:her
AttitUde
Score

Mean Student Scores*

Total Total

1 159 45.85 86.38 132.23 161 44.58 87.50 132.08

2 149 45.06 '86.50 131.56 151 41.40 89.00 130.40

3 170 41.58 86.65 128.23 179 44.70 89.59 134.30

4 141 39.82 82.91 122.73 170 39.78 84.67 124.44

5 160 41.87 86.25 128.12 160 45.64 89.64 135.29

6 175 42.07 84.11 126.19 168 42.46 84.42 126.88

7 164 52.00 99.55 151.55 160 51.7-9 95.93 147.71

8 156 47.31 93.31 140.62 163 44.00 95.09 139.09

9 145 44.05 90.21 134.26 ** 44.00 92.16 136.16

10 158 43.00 87.61 130.61 172 40.91 85.91 126.82

11 167 39.38 79.00 118.38 170 39.42 82.96 122.37

12 159 44.04 85.50 129.54 166 47.31 88.19 135.50

13 157 41.56 83.64 125.20 171 39.64 84.24 123.88

14 154 42.19 83.87 126.06 153 42.48 88.56 131.04

15 169 40.92 80.04 120.96 171 42.89 87.46 130.36

* I: Part I (Informal).

II: Part II (Formal)
Total: Composite

** Not available
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FiS-her Z-transformation ratio described in the data analysis section

for Question 6 was utilized to determine the signficiance of the

differences between the pairs of correlations in Table 6.35.

TABLE 6.35

. CROSS-LAGGED CORRELATIONS:

TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT ATTITUDE (r12)

AND TIME.2 TEACHER ATTITUDE WITH TIME 1 STUDENT ATTITUDE (r21)

Cross-lagged
Correlations

Attitude I Attitude II Total

r
12

.29 -.03 .13

r21
-.47 -.30 -.37

*significant difference in correlations at p < .01

Each of the differences is significant at p < .01. Using the

.inferential procedure recommended by Campbell and Stanley (1963),

sincerilissignificantlymorepositiveumi r21 ,initial teacher

attitude seemed to have a greater effect on final student attitude than

initial student attitude had on final teacher attitude.

The last ancillary question of the study pertained to the

directional relationship between teacher attitudes and student

attitudes when the data are grouped by sex of the student.

Cross-lagged panel correlations were computed separately for
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boys and girls and are presented in Table 6.36. For each part of

the attitude scale r
12

is significantly more positive .than r
21

for

both boys and girls. However, the level of significance for the

TABLE 6.36

CROSS-LAGGED CORRELATIONS FOR BOYS VERSUS GIRLS:

TIME 1 TEACHER ATTITUDE WITH TIME 2 STUDENT ATTITUDE (r12)

AND TIME 2 TEACHER ATTITUDE WITH TIME 1 STUDENT ATTITUDE Kr21)

Cross-lagged
Correlations

Attitude I Attitude II Total

Boys

Girls

r

r
21

.14 -.16 -.02

** * **

-.41 -.34 -.37

r
12

r
21

.33

-.45

* *

.04

-.18

.20

-.30

* *

* significant difference in correlations at p < .05

** significant difference in correlations at p < .01

differences in correlations based on the second part of the attitude

scale is p < .05, whereas those based on the first part and the

total scale are signficant at p < .01. Thus, the same directional
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-relationships llold_between teacher attitude and student attitude

for boys and girls separately as held for the total sample. However,

the conclusion is somewhat tenuous for the relationship based on

the second part of the student attitude scale. And once again,

the inferences made for boys versus girls must be viewed with some

caution because of the very small cell size used to calculate mean

student attitude scores for three of the participating classes.

Concluding Remarks

The analysis and interpretation of the data for Part II of the

study have been discussed in the last section of the chapter; data

were presented for two main and two ancillary questions. The first

part of the chapter described the data for the five main and

several ancillary questions for Part I of the study. Conclusions

evolving from all data analyses will be discussed in Chapter 7,

which presents the conclusions and recommendations of the study.

14 6
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ABSTRACT

The purpose of this study was to inveStigate the relation-

ships between the mathematical problem solving performance of

fourth grade children, their attitudes toward mathematical problem

, solving, their teachers' attitudes toward mathematical problem

solving, and related sex and program-type differences.

Three instruments were used to gather data. The 22-item

mathematical problem solving test (Romberg & Wearne, 1976) provides

a measure of comprehension, application, and problem solving for

each) item. The36-item student mathematical problem solving atti-

tude scale and the similar 40-item teacher scale have Likert-type

formats and were developed by the investigator.

During the fourth month of the 1975-76 school year data were

gathered for Part I of the study from 30 fourth grade classes in

13 southern Wisconsin schools. Fifteen of the classes were using

Developing Mathematical Processes (DMP); the remaining 15 were

using,standard mathematics textbook series.

Both students and teachers possessed favorable mathematical

problem solving attitudes. The DMP students performed significantly

better than non-DMP students on the first two parts of the problem

XV
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solving test; no significant differences in performance were observed

on the third part. Rather stable and significant positive corre-

lations were found between student problem solving performance and

student problem solving attitude. Significant negative correlations

found between DMP teacher problem solving attitude and mean student

performance were judged an artifact of the non-random sampling of

classes for the study. No significant sex-related.differences were

found in any of the data.

The design of Part II of the study was based on the cross-

lagged panel correlational technique of Campbell and Stanley (1963).

,During- the seventh month of the 1975-76 school year the 15 DMP

classes participated in a second round of problem solving testing.

An intervening "treatment" period between the first and second

testing times involved instruction in selected DMP topics. Part II

attempted to determine the direction of effect between teacher

problem solving attitudes and student problem solving attitudes

and performance.

Cross-lagged panel correlations indicated that initial student

performance seemed,to have a greater effect on final teacher attitude

than initial teacher attitude had on final student perfermance.

However, initial teacher attitude seemed to have a greater effect

on final student attitude than initial student attitude had on

final teacher attitude.

Major Professor

xvi
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Chapter 7

CONCLUSIONS AND RECOMMENDATIONS.

The discussion in this chapter centers on the conclusions

and recommendations evolving from the study described in this

pappr. The chapter begins with a brief summary of the study.

Summary of the Study

The purpose of the present study was to investigate the

relationships betwen selected noncognitive factors and the math-

ematical.problem solving performance of fourth-grade children.

Those factors investigated were children's attitudes toward

mathematical problem solving, teachers' attitudes toward mathe-

matical problem solving, and related sex and program-type

differencea.

Three instruments were used to gather the data for the study.

The 22-item mathematical problem solving test provides a measure

of comprehension, application, and problem solving for esch item;

it was developed by Romberg and Wearne (see Wearne, in preparation).

The student mathematical problem solving attitude Scale is a 36-

item Likert-type scale, and the teacher mathematical problem solving

attitude scale i 0-item scale with Likert format; both attitude

scales were developed by the author of the study.

130
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The study was conducted in two parts. Thirty fourth-grade

classes,in 13 Wisconsin schools participated in Part 1. During the

.
fourth month of the 1975-76 school year, the instruments of the

study were administered to the students and teachers in the sample.

Fifteen of the classes were using Developing Mathematical Processes

(DMP).. The remaining 15 classes were not using the DMP materials.

Five main questions and nine ancillary questions were investigated

in Part I of the study. The main questions dealt with favorableness

or unfavorableriess of student arid teacher attitudes toward mathe-

matical problem solving, performance of students on .the mathematical

problem solving test, and the relationships between student perfor-

mance, student attitudes, and teacher attitudes. Ancillary questions

dealt with sex-related and program-type differences in the above

relationships.

Part II of the study was conduct4 with only the DMP sample

from Part I. During the seventh month of the 1975-76 school year,

the 15 DMP classes participated in a second round of testing using

an alternate version of the student problem solving test and the

student and teacher attitudinal scales. An intervening "treatment"

period between the first testing (Time 1) and the second testing

(Time 2) involved instructVon in topics selected from the regular

DMP sequence. The design of the second part of the study was

based on the cross-lagged panel correlational technique (Campbell &

Stanley, 1963) At advocated by Aiken (1969). This part of the
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study attempted to determine the direction of effect between teacher

probl, a solving attitudes and student problem solving/attitudes and

performance. Using cross-la ged panel correlations,,teacher attitudes

at Time 1 and Time 2 were cqirelated with student attitudes and

performance at Time.1 and T/i.me 2 in order to suggeSt which variable

had the greater influence on the other.

Before discussing the conclusions resulting :from the conduct

of the study and subsequent data analyses, the limitations of the

study are noted. These /are discussed in the next-se4tion.

Limi tations of the Study

Research studies ih the behavioral sciences are often limited

because of a number of xtraneous factors which may influence the

results of these studie4 Purity of researqh design must sometimes

be sacrificed due to the \practical constraints of a "real-world"

setting. Campbell and Sta 1 y (1963) provide a reasonably complete

discussion of these extrane us and confounding variables. Several

factors either limit or conund the results of_the present study;

the most important of these a e discussed here.

Ideally, the fourth-grade classes in the present study should
1

\have been randomly selected.
1

owever, idnder the circumstances of

the study, random sampling was rot possible, and so, even though

the number of students participa ing was quite large, the findings

of the study may not be generaliz ble to all fourth-grade classes.

In addltion, the DMP classes in the study had been participants

ia-the large-scale field test of the Program for the preceding school
,

1 6



133

year, and the authorthad worked with the teachers of six of those

classes in a number of insexvice sessions during that time. The

confounding effect of these factors is difficult to ascertain.

For example, did these teathers express their true feelings on

the teacher problem solving attitude scale, or did they respond

in a manner which they thought might be expected?

Instrument validity and reliability can also be limiting

factors in a study. Because of careful instrument development,

however, content and face validity may be inferred (Nunnally, 1967);

such an inference seems reasonable for each of the instrments in

this study. And the reliability coefficients for the instruments

were also judged to be satisfactory, although the reliability

coefficient for the teacher problem solving scale was based on a

sample of only 30 teachers. Thus, the findings of the study which

are dependent upon use of the teacher scale may be somewhat limited.

The,correlational procedures used in the study are based on

the assumption of a bivariate normal population. When sample size

is large, as was the case for the administration of the student

instruments, bivariate normality may be assumed (Hayes, 1973).

However,,if sample size is relatively small, then Hayes (1973)

suggests that the results of correlational procedures must be viewed

with caution and may be only suggestive of actual relationships

167
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existing in the total population. Thus, in the present study,

findings based on the correlations performed with the teacher

attitudinal data must be viewed in this light.

Conclusions of the Stludy

Seven main and several ancillary questions served as the

framework around which the study was designed, conducted, and the

data analyzed. This section of the chapter is Organized in a

similar manner. Each major question of the study is given, and

then the concluSions pertaining to that question are discussed.

Question 1

The initial question of fhe study was: Do fourth grade students

have favorable attitudes toward problem solving? Based on the 619

students who responded to the problem solving attitude scale in

the study, this question must be .answered affirmatively. The

mean student scores on the scale can be categorized as "favorable."

The ancillary queries related to Question 1 inquired as to the

existence of sex or program-type differences in fourth graders'

attitudes toward problem solving. There were no significant sex-

related differences in the problem solving attitudes expressed by

the students in the sample; in fact, mean attitude scores were so

similar that one might conclude that there were no sex-related

differences whatsoever.

When comparing the problem solving attitude scores of students

by program-type, the non-DMP students seemed to have slightly more
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favorable attitudes than the DMP students. On the informal

measure of problem solving attitude, the non-DMP students' attitude

was signi cantly more favorable than the DMP students' attitude,

although the difference in mean scores was only 1.5 points. On

the formal measure of problem solving attitude and on the total

scale there were no significant differences in scores based on

type of mathematics program studied. In the DMP sample boys had

the more favorable problem solving attitudes, while in the non-DMP

sample it was the girls who expressed more favorable attitudes

toward problem solving. Though this result produced a statistically

significant interaction, it probably has little practical significance.

Ouestion 2

The second question of the study was as follows: Do fourth

grade teachers have favorable attitudes toward problem solving?

The 30 fourth grade teachers in this study did, indeed, express

favorable reactions toward problem solving as measured by the

teacher problem liolving attitude scale. Attitudes of these teachers

ranged from what might be termed "slightly" favorable to "very"

favorable. Based upon the mean attitude scores of the DMP and

non-DMP teachers, it may be concluded that DMP teachers expressed

more favorable problem solving attitudes than the non-DMP teachers,

although the expressed differences were not statistically significant.

As noted above, there was little variation in the range of teacher

attitudes.

169
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Question 3

The third question investigated in the study was: How do

fourth graders perform on a test of problem solving performance

which provides measures of comprehension, application, and problem

solving? Three separate scores were reported for each student

responding to the mathematical problem solving test used in the

study. Students were able to solve correctly more of the compre-

hension items than application items and more of the application

items than problem solving items; this result was expected since

kt-eeflects the order of difficulty of the items. The problem

solving items are the most difficult and are problems in the sense

of the definition given in Chapter 1. Of a total of 22 three-part items

on the test, mean number of problems solved correctly by the students

was 15.00, 9.50, and 3.19 for comprehension, application, and problem

solving, respectively. Satisfactory performancc: on the problem solving

test is difficult to assess without some predetermined criterion

level; the establishment of such a criterion level was not deemed

appropriate for this study. One fact does emerge, however. Most

of the students could not be classified as good problem solvers

when the problems are of a type specified by the definition used in

the study. A more detailed discussion of student performance on the

problem solving test may be found in Wearne (in preparation).

One of the ancillary questions related to Question 3 pertained

to the possible existence of sex-related differences in problem

solving performance of the students in the sample. The girls'
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mean performance on the comprehension part of the test was higher

than that of the boys; on theother hand, for the application and

problem solving sections, the boys outperformed the'girls. None of

these differences was significant, however.

In the sample for this study DMP students performed significantly

better than non-DMP stUdents on the comprehension and application
0

parts of the problem solVing test; the difference in performance for

the problem solvin) Thg' part of the test was not significant. e better

)t.performance of the students is noteworthy, especially since the

non-DMP sample received about 10 more days of instruction prior to

their testing than did the DMP sample.

Question 4

The fourth question investigated in the study was the following:

What is the relationship between fourth grade students' attitudes

toward problem solving and their performance in problem solving?

Significant positive correlations were found between each of the

three attitude scores and each of the three problem solving scores

reported for the students in the sample. Correlations ranged from

.12 for the weakest relationship to .31 for the strongest relation-

ship between attitude and performance. Though these correlations

are not large, they are similar in size and range to those found by

Lindgren et al. (1964) when comparing problem solving attitude and

achievement in arithmetic with fourth grade children in Brazilian
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elementary schools. The rather stable positive correlations are

also similar to those found between rithematics attitude and

achievement with fourth grade students in the NLSMA X-population

(see Crosswhite, 1972).

The differences in the relationship between attitudes and

performance in problem solving for boys versus girls were also

investigated. Once again, there was a significant positive rela-

tionship between attitude and performance for both boys and girls.

For boys, the range of correlations was from .11 to .36; for girls,

the range was from .12 to .24. Though the lowest correlations for

both sexes were approximately the same, those for boys were consis-

tently higher than those for girls. Thus, in.this sample, there

appreared to be a stronger relationship between problem solving

attitude and problem solving performance for boys ehan for girls.

When correlations were calculated for the student data categorized

by program-type, a positive relationship between problem solving

attitude and performance was found for both groups. The correlations

for the DMP sample ranged from .03 to .17, with six of the nine

correlations between attitude and performance being signific'ant.

For the non-DMP sample, the correlations were somewhat higher,

ranging from .18 to .43, with all correlations significant. There-

fore; for the sample of the present stuily, there appeared to be a

stronger relationship between student problem solving attitude and

problem solving performance for the non-DMP sample than for the



139

DMP sample. Exploratory analyses with data from the DM? sample suggested

that students with high problem solving performance have problem solving

attitudes considerably higher than average, while those students with

low performance have lower than average attitudes.

Question 5

The fifth question investigated in this study was: What is

the relationship between fourth grade teachers' attitudes toward

problem solving and their students' performance in problem solving?

The correlations between teachers' attitudes and the mean problem

.

solving performance of the students in their classes were found to

be consistently very weak, negative, and, non-significant, and j,,n

the range of -.05 t-.08. Thus, for the 30 fourth grade classes

in the sample, there appeared to be little observable relationship

between teacher problem solving attitude and student problem solving

performance.

When the teacher attitude and student performance data were

categorized by sex of the students, weak positive correlations

were found between the two variables for girls; on the other hand,

for the boys rather stable negative correlations were found. These

opposite relationships were somewhat interesting, but none was

statistically significant.

Surprising and almost unbelievable results were found when

correLations were computed on the basis of program-type. For the

non-DMP sample the correlations between teacher attitude and mean

student problem solving performance ranged from .16 to .19 and were

non-significant. However, for the DMP sample, rather substantial negative

correlations were found; they ranged,from -.47 to -.59, and two of

173
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the three calculated were
significant at the .05 level. In an

attempt to explain negative correlations of this proportion,

several exploratory analyses were undertaken. Scatter plots were

drawn to show the relationship between teacher attitude acores and

mean student scores on each of the three parts of the problem

solving test. The scatter plots and accompanying regression lines

did, indeed, verify the negative nature of the relationships

between teacher attitude and mean student performance. However, as noted

previously in this chapter, correlations calculated on small sample

sizes_must,be viewed with caution and are not necessarily indicative of

those in the larger population. Since these correlations were based

on a sample of 15 teachers, and since the attitudes of all teachers

were favorable and the variance in scores was slight, it was concluded

that additional reaear5h evidence from other fourth grade populations

is needed before definitive judgments about the true relationships

can be made.

Question 6

The sixth question of the study was as follows: Do fourth

grade teachers' attitudes toward problem solving affect their

students' problem solving performance, or is the effect of the

opposite nature? The crosslagged panel correlational technique

recommended by Campbell andOtanley (1963) was used for this part

of the study, since simple correlational procedures cannot answer

questions of cause and effect.
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Only the 15 DMP classes were involved in this part of the Study.

Since the correlation between student performance at Time 1 an&

teacher attitude at Time 2 was significantly more positive than the

correlation between teacher attitude at Time 1 and student perfor-

mance at Time 2, it was concluded that initial mean student problem

solving performance had a greater effect on final teacher attitudes

than initial teacher attitudes had on final mean student problem

solving perfgrmance.

Cross-lagged panel correlations were also calculate# for the
6

data grouped by sex of students. The same directional relationships

as in the total.sample were noted for girls. However, for boys,

this same directional relationship was apparent only for the compre-

hem:lion and application parts of the problem solving test; for the

problem solving part the differences in cross-lagged correlations

were not significant. Therefore, the evidence was inconclusive for

the boys in the sample.

As noted previously in this chapter, the relatively small sample

size for this part of the study severely limits the extent to which

the findings can be generalized to a larger population. Unfortunately,

until verified by additional research evidence, the finding that

student problem solving performance influenced teacher attitude more

than teacher attitude influenced student performance must be viewed

ds merely suggestive. The findings regarding the directional rela-

tionships between teacher attitude and student performance for the

boys and girls in the sample must be tempered by the saMe considerations.

175



142

Question 7

The second question for Part II and the seventh question

investigated in the study was the following: Do fourth grade

teachers' attitudes toward problem solving affect their students'

attitudes toward problem solving or is the effect of the opposite

nature? The cross-lagged panel correlational technique was also

employed in ark effort to answer this question. The correlations

between teacher attitude at Time 1 and student attitude at Time 2

were significantly more positive than the correlations between

teacher attitude-at Time 2 and student attitude at Time 1. Thus,

for the 15 DMP classes in this part of the study, initial teacher

,

attitude seemed to have a greater efffect on final student attitude

than initialigiudent attitude had on final teacher attitude.

When the cross-lagged correlations were calculated on the

ta grouped by sex of student and the results analyzed, all

differences in correlations were significant. Thus, the same

directional relationships held between teacher Attitude and student

attitude for boys and girls separately as held for the total sample.

As was the case for Question 6, the small sample size for

Part II of the study serves to limit the generalizability of the

results. And so, the findings for Question 7 must also be viewed

as suggestive of the relationships existing in the total population.

Concludin& Remarks

This section of Chapter 7 has discussed the conclusions of the

176
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study in light of the findings of the investigation. A number of

Implications for mathematics education seem to evolve as a result

of the conclusions. Some of these implications suggest the direction

tor intiir . research studies. The implications of the study, along

with recommendations for fttture research, are discussed in the next

section of the chapter.

lflpIICflLfl)flS of, the Study and

Recommendations for Future Research

The major purpose of this study was to investigate the relation-

ships between selected noncOgnitive factors, and the problem solving

performance of fourth grade children. This type of information-oriented

research is designed to provide insight into the nature of specific

relntionships between various curriculum variables and to suggest

directions for additional research studies. This section of the

chapter, then, discusses the implications and recommendations

emanating trom the present study:

Student i.roblem Solving Attitudes

Educators desire that students hold favorable attitudes toward

all phases of the school program. if students in this study are

reflective of those in a larger population, then most fourth grade

stodents do, in deed, possess favorable attitudeS toward problem

solving. The attitudes of the students in the sample ranged from

unfavorable to very favorable, with most students indicating

favorable attitudes. Though pot a random sample, the relatively

1 7
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large number of students in this study strengthens the generaliz-
a,

ability of the findings.

The student problem solving attitude scale developed for this

study seems to possess a high degree of internal consistency as

measured by Cronbach's Alpha reliability coefficient. In addition,

because of its careful development, the instrument seems to possess

both content and face validity. However, at present, no other type

of validity may be inferred. Therefore, the instrument needs

further validation with other popuations. The design of the

instrument is such that is is suitable for use with students in

the middle to upper elementary grades. The scale could be used

in conjunction with other attitude scales such as CAPS (see

Covington, 1966) to help establish the construct validity of the

instrument.

An interesting follow-up to the present study would be an

observational investigation to determine if students possess the

kinds of problem solving behaviors which they claim to possess

according to their responses on the problem solving attitude

scale. The.teachers of some students might also be interviewed

to see if they observe the problem solving behaviors indicated

by their students. Observational or interview results could be

correlated with scores on the problem solving attitude scale

as a means of determining the construct validity of the instrument.

If students in the sample for this study are representative

of the larger population of fourth-grade students, there are



145

apparently no differences in the problem solving attitudes of boys

and girls at this level. Differing reactions to problem solving,

then, may be based more on other individual student characteristics

than on student sex.

Teacher Problem Solving Attitudes

All teachers in the Sample for the study indicated favorable

attitudes toward problem solving, but, because there were only 30

of them, their reactions may not be indicative of the population

of fourth-grade teachers. Thus, the teacher problem solving

attitude scale needs more extensive validation with other populations;

additional evidence is needed to more firmly establish the internal

consistency of the instrument. The instrument is designed so that

it can be used with teachers from upper primary through middle

school grades. It also holds promise for use with prospective

elementary school teachers to determine their attitudes toward

problem solving. A revision of the scale has received such use

in a study dealing with the problem solving attitudes and per-

formance of students in two elementary mathematics methods classes

at the University of Wisconsin (Wearne & Whitaker, in preparation).

Student Problem Solving Performance

The findings of the present study would seem to indicate that

fourth-grade students perform reasonably well on the first two

parts of a test of mathematIcal problem solving which provides

measures of comprehension, application, and problem solving.
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However, most students did not perform 'well on the third part of

the test which provides a measure of problem solvl.ng performance

based upon the definition of problem as used in this study. Clearly,

this test identifies those students who are not good at solving this

type of mathematics problem. In thisirespect, the Mathematical

problem solving test developed by RoMberg and Wearne\(iee Wearne,

in preparation) is unique. Existing commercial instruments which

purport to be'problem solving tests are more like the application

portion of this test. The commercial tests primarily involve one-

or two-step problems and thus are not adequate measures of a

student's ability to solve problems for which neither the solution

nor method of solution is apparent.

It is the author's c..aviction, that the test by Romberg

and Wearne holds promise as a viable tool for providing A great

deal of information to teachers and other school personnel regar-

ding the problem solving capabilities of their students. This

test can help teachers diagnose the difficulties which stiudents

are having in the areas of comprehension, application, ahd problem

solving. Once problem areas are diagnosed, teachers can plan

activities to remedy the difficulties. More extensive use of this

type of problem solving test is relatively assured, as the test

utilized in this study will serve as a model for the problem

solving component of the DMP Terminal Accountability Test4

(see RoMberg, 1974).
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The fact that there were no significant differences between

the problem solving performance of boys and girls in this study

would seem to indicate that teachers need not concern themselves

with varying teaching techniques for the two sexes. However, the

fact that the DMP saMple of students performed significantly better

than the non-DMP sample on the comprehension and application portions

of the test suggests the existence of factors within the DMP program

to produce this differential effect. The differential performance

may be attributable to the underlying emphasis upon problem solving

processes and skills that is characteristic of the DMP program. It

would be interesting to determine whether significant differential

effects exist in other populations of DMP and non-DMP students to

whom the mathematical problem solving test is administered.

Student Problem Solving Attitudes and Performance

As noted earlier in this paper, previous research studies have

suggested the existence of positive and rather stable relationships

between student attitude and achievement in mathematics. These

studies, however, have not examined the relationships between student

attitude and performance in the area of problem solving. In this

study, the significant and rather stable positive relationships

found between student problem solving attitude and student problem

solving performance suggest that the relationships between attitude

and performance are -Ile same for problem solving as they are for

mathematics in general. Because of these positive relationships

181
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between problem solving attitude and performance, it would seem

sagacious for teachers to continue their efforts to foster favorable

student reactions and sentiments taward the many facets of mathe

matical problem solving.

Teacher Problem Solving Attitude As Related to Student Problem

Solving Performance

The somewhat inconsistent findings of the study with regard to

the relationships between teacher problem solving attitude and

student problem solving performance, when coupled with the rela

tively small sample of classes upon which the findings were based,

suggest the need for gathering similar data from other elementary

school populations. This call for the collection af additional

data is also based upon the rather surprising negative correlations

that appeared in the DMP sample. Clearly, more research evidence

is needed before definitive judgments can be made about the

relationships between the problem solving attitudes of fourth

grade teachers and the mathematical problem solving performance

of their students.

Cause and Effect Relationships Between Teacher Attitude

and Student Attitude and Performance

Though calls for replication of research studies are easily

made, the findings of the second part of the study obviously ,

demand that, such occur. More evidence is required to ascertain

whether the suggested relationships are indeed in the direction

indicated. In the present study, initial student performance'seemed

1S2
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to have a greater influence on final teacher attitudes than initial

teacher attitudes had on final student performance. On the other

hand, the direction of relationship seemed to b -:,xst the opposite

for teacher attitude and.student attitude; that is, initial

teacher attitude had a greater effect on final student attitude

than initial student attitude had on final teacher attitude. If

the directional relationship is one way for teacher attitude and

student performance, and in the opposite direaion for teacher

attitude and student attitude, then teachers should be aware of this

situation. If this directional influence is dependent upon a

particular population, then knowledge of that fact would also be

beneficial.

The cross-lagged panel correlational technique (Campbell &

Stanley, 1963) holds promise as a valuable research design for

inferring the cause and effect relationships between such variables

as attitude and performance. As a follow-up to the second part of

the present investigation, the author would sug6est that an improved

plan for utilizing the cross-lagged technique might involve initial

problem solving measures wirh students and teachers near the start

of the school year and again at mid-year; this plan would reduce

the confounding teacher-pupil influence which occurs when initial

testing is done several weeks after the start of the school year.

The sample size in this replicated study should be larger than that

of the present- study, and the "treatment" should, perhaps, be more

183
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rigidly controlled. If possible, the "experimental" classes

should all study the same course content during the "treatment"

period.

Concluding Remarks

The study reported in this paper was designed to investigate

the relationships between selected noncognitive factors end the

problem solving performance of fourth-grade children. Those

factors selected for examination were student problem solving

attitude, teacher problem solving attitude, and related sei and

program-type differences. As is so often the case with research

in the behavioral sciences, the findings of the study have, perflaps,

raised more questionS than they have answered. In the author's

opinion, the most important findings of the study are those which

suggested the following: (1) fourth-grade'students and teachers

seem-to possess favorable attitudes toward mathematical problem

solving; (2) fourth-grade students per satisfactorily on the

comprehension and application items,, but not the "true" problem

solving items of a three-part mathematical problem solving test;

and (3) there seems to be a significant and stable positive

relationship between student mathematical problem'solving

performance and student problem solving attitude. The other

findings of the'study are important, but must be viewed as

suggestive and in need of additional research validation.
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TOPICS 1 - 64 DESCRIPTIONS

TOPIC 1 Describing and Classifying

The children describe and classify familiar objects. Likenesses and

differences are stressed and the skill of sorting is introduced.

4'

TOPIC 2 Comparing and,Ordering on Length

Real objects are directly compared and then ordered on length. The

children-determine whether two objects are the same length and if

not, they determine which is longer.

TOPIC 3 Equalizina ot Length

After comparing and ordering two objects or pictures of objects on

length, the children make them equal in length by adding on to the

shorter or taking away from the longer.

TOPIC 4 Ordering More than Two Objects on Length

The children put pore than two objects in order from shortest to

longest or from longest to shortest.

TOPIC 5 Representina_Length

In situations in which'the children cannot compare and order lengths

directly, they physically represent the lengths and compare and

order the representations to decide about the original objects.

TOPIC 6 Movement and Direction

The children learn that a path Is a representation of a movement in

some direction. Simple direction words are used.

TOPIC 7 Comparing, Ordering, and Equalizing on Numerousness

The children compare, order, and equalize sets on the attribute of

numerousness. One-to-one matching is emphasized. Numbers and count-

ing are not included.

TOPIC 8 Three Dimensional Shape

The children describe and classify three-dimensional objects on the

sttribute of numerousness.

t 3
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TOPIC 9 Representing Numerousness Physically

The children use objects to physically represent numerousness in

situations In which direct comparing and ordering are impossible.

Then they compare, order, and equalize the representations to de-

cide about the original sets.

TOPIC 10 Paths and Location

The children work with locating objects. Paths are usesd as refer-

ences.

TOPIC 11 Representing Numerousness Pictorially

The children pictorially represent the numerousness of sets by

graphing. Graphing serves as a transition between physically

representing numerousness and symbolically representing numerousness.

TOPIC 12 Tallying

The children learn tallying which serves as a transition between

pictorially representing numerousness (graphing) and symbolically

representing numerousness (numbers).

TOPIC 13 Time

The children compare and order events on time of duration and time

of occurrence.

TOPIC 14 Representing_Numerousness Symbolically

Numerousness is represented symbolically by the number words and the

number symbols. The children learn to count and to recognize the

symbols. They do not learn to write the number symbols at this time.

TOPIC 15 Two Dimensional Shape

The children describe and classify regions including faces of solids

on the attribute of shape.

TOPIC 16 Comparing and Ordering on Weight

The children compare and order real objects on the attribute of

weight by using balances.
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TOPIC 17 Writing Numbers

The children learn to write the numbers 0-10 and practice writing,

them in a variety of situations.

TOPIC 18 Comparing and Ordering Events on Time,

The children compare and order events on time of sdt\tration and tiMe

of occurrence.

TOPIC 19 Assigning_ Measurements

The children use arbitrary units'to represent lengths or weights

of objects by assigning a number and unit. Then they compare and

order objects using these measurements.

TOPIC 20 ,Paths

The children describe a closed path such as a triangle, rectangle,

and square in terms of number and length of sides. They are intro-

duced to the use of the geoboard as a simple way to make paths.

TOPIC 21 Comparison Sentences

The relationship-between two sets or two objects on a given attri-

bute is represented by a sentence involving = or (for example:

5 7, 6 = 6, A 0 B). The process of validating is introduced.

TOPIC 22 Comparing and Ordering on Capacity

The children directly compare and order the capacities of containers

by pouring from one Lo another. Also they learn to represent the

capacity of a given container by assigning a measurement with arbi-

trary units.

TOPIC 23 Order Sentences

The order relationship between two sets or two objects on a given

attribute is examined further. Now if the two are not equal, the

children decide which is larger and write an order sentence (for

example: 5 < 7, 6 = 6, A > 8). The children also learn to validate

given order sentences.

TOPIC 24 The Number 0-20

The numbers 11-20 are introduced as representing the numerousness

205
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of sets. The children learn to recognize and write these numbers

and to count such sets. The numbers 0-10 are reviewed.

TOPIC 25 Representing Equalizing Situations

The children learn to represent the process of equalizing by writing

a sentence about how two sets or objects have been or will be equal-

ized.

TOPIC 26 Movement and Direction_

Simple maps are examined. The children follow simple oral or

written instructions
involving movement on a given path or between

given points. They also learn to give such instructions.

TOPIC 27 Representing other Equalizing Situations

The children look at other equalizing
situations in which one of

the two sets to be equalized is unknown. They represent these

situations with sentences such as 0- 2 = 4, 5 = 3, 2 + 6 = F1'

10 - 3. They also begin to solve sentences. The process of

validating is stressed.

TOPIC 28 Symmetry, Fractions and Shape

The children learn that some familiar figures are symmetric and told

to test whether or not a given figure is symmetric. Fractions (halves,

thirds, etc.) are introduced in terms of the attribute of area.

TOPIC 29 Representing Joining and Sep'arating

The process of joining and separating are introduced and represented

by sentences. Active adding on and taking away are stressed. The

children also solve such sentences.

TOPIC 30 Grouping

The children learn to separate any set by grouping the objects of

the,set into subsets of a given size. Then they record the results

of their grouping. After grouping a set by 3, they might record

5(3) + 2.

TOPIC 31 Geometric Shapes

A variety of geometric ideas are reviewed and explored here with

many types of materials.
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TOPIC 32 Solving Number Sentences (0-10)

Other types of joining and separating situations are examined, and

sentences are written to represent them. The children solve any

given open sentence with numbers 0-10 and validate it. Number facts

receive attention.

TOPIC 33 The Numbers 0-99

The numbers 21-99 are introduced as representing the numerousness of

sets. The children learn to recognize-and write these numbers in

expanded 3(10) + 4 and compact (34) notation. Place value is intro-

duced.

TOPIC 34 Units of Capacity

Standard units of capacity (cup, quart, and gallon) are introduced.

Capacities of various containers are represented, compared, and

ordered in terms of these standard units.

TOPIC 35 Number Sentences (0-20)

Open sentences involving the numbers 11-20 ate solved and validated.

Number facts are emphasized.

TOPIC 36 Describing, Classifying, and Locating

The children sort objects on the basis of two or more attributes and

are.introduced to the intersection of sets. They locate objects in

relation to paths. They look at grids as intersections of columns

and rows.

TOPIC 37 Partitioning

173

The children learn to divide a set into a given number of equal sub-

sets and a r6Mainder, and they write the results in grouping notation.

Then they apply this knowledge to fractious and divide various sets

into halves, thirds, etc.

TOPIC 38 Number Sentences (0-99)

A variety of situations involving the numbers 0-99 are represented

by sentences. The children solve open sentences about joining.,

separating, and differences using objects or pictures. The re-,

grouping that occurs when the children . are solving these problems

is focused on as a background for the algorithm topic (Topie 40).

2 7
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TOPIC 39 Units of Length

.Standard units of length (inches, feet, yards, centimeters, and

meters) are introduced. The children measure various lengths using

these units and compare and order the measurements.

TOPIC 40 The Addition and Subtraction Algorithms (0-99)

Addition and subtraction algorithms for two-digit numbers with and

without regrouping are introduced. The children use their back-

ground with regrouping objects in Topic 38 to give meaning to the

algorithms.

TOPIC 41 MoveMent and Direction

_

The children look_at, describe, and make phySiCal'''MOiietent's along

labeled paths and grids. This serves as a background for later work

with integers.

TOPIC 42 Units of Weight

Standard units of weight, ounces and pounds, are introduced. The

children represent various weights using these units and they compare,

order, add, and subtract these measurements. The children investi-

gate ordering fractional parts of weights.

TOPIC 43 Solving Open Sentences

A variety of open situations are examined. The children represent a

way of solving the problem with an open sentence and then solve it.

They investigate the effect on an order relationship of changing

the sets or 'objects described in an order sentence. The children

choose and write fractions which represent parts of objects or of

sets.

TOPIC 44 Angles and Symmetry

Angles associated with objects or figures are directly compared and

ordered. Emphasis is placed on right angles. The children explore

symmetry further by using mirrors.

TOPIC 45 The Numbers 0-999

The numbers'100-999 are introduced; place value is stressed through

grouping. Both the expanded notation (3(10G) + 5(10) + 7) and the

compact notation (357) are used.'

2 8
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TOPIC 46 Comparing and Ordering Areas

The children use arbitrary units of area to measure..regions. Then

they compare and order objects using these measurements. Fractional

parts of areas are also considered.

TOPIC 47 Grouping and Partitioning.

The children represent a grouping or partitioning problem with an

opbn sentence. They then solve the sentence physically, pictorially,

or symbolically. Repeated addition and subtraction are stressed.

TOPIC 48 Geometric Figures

Various basic geometric attributes of figures are examined and des-

cribed by the-children- as- -they__ experiment_ iiith & variety_ _of _materials._

TOPIC 49 Solving Addition and Subtraction Problems 0-999

The addition and subtraction algorithms are extended to three-digit

numbers. The children continue to represent a fractional part of

a set or ofan object by writing a fraction and to represent a

fraction with fractional parts of sets or objects.

TOPIC 50 Measuring Length

Measuring lengths with standard units is continued; more emphasis

is placed on precise measurements as the children consider frac-

tional parts of units and millimeters.

TOPIC 51 Measuring Time

The children use arbitrary and standard units to measure durations.

Then they compare and order durations using these measurements.

TOPIC 52 Investigating Problems

Problems that require a combination of familiar processes are

presented. The children are asked to evaluate information presented

in a problem situation in terms of whether that information is suf-

ficient for, or relevant to the solution of the problem. The chil-

dren are expected to master solving addition and subtraction problems

with 3-digit numbers.

2 9 9
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TOPIC 53 Location and Angles

The children describe the location of objects on a grid with coor-

dinates and located objects on a grid given the coordinates. They

also represent angles physically and pictorially to compare, order,

or join them or to_conduct experiments.

TOPIC 54 Grouping and Partitioning Sentences

The children write open sentences to represent grouping and parti-

tioning situations. They then solve the sentences symbolically

using repeated addition and subtraction. Use of methods to shorten

the steps needed to solve, including efficient repeated addition or

subtraction and shortcuts involving commutativity is extended to

sentences with larger numbers.

TOPIC 55 Representing Common Fractions

The children decide whether a given fraction correctly represents

a given fractional part of a whole length, region, or set. They

also show that they know what a fraction means by drawing a picture

of it.

TOPIC 56 Describing Three-Dimensional Objects

The children take another look at attributes of objects, with special

emphasis on volume, capacity, faces, and edges. They continue to

compare and order objects on these attributes.

TOPIC 57 The Numbers 0-999,999

Thousands, ten-thousands, and hundred thousands are introduced with

objects and pictures; grouping by ten as the key to place value is

emphasized. ,Addition and subtraction of 4-digit numbers are included,

but mastery is not expected.

TOPIC 58 Units of Area

Standard metric and English square units are introduced; the chil-

dren measure the dimensions of rectangular regions and draw a

picture to help,them find the area of the region. They think of

the area as an array of square units.

2
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TOPIC 59 Ordering Fractions With Representations

After the children have ordered fractional parts of given pictures

or objects, they order fractions such as 3/4 and 5/8 by drawing

pictures, especially arrays.

TOPIC 60 Multiplication and Division Sentences

The children represent grouping 'and partitioning situations with

multiplication or division open sentences. They master the basic

multiplication facts. Some of the background for the multiplication

and division algorithms is included.

TOPIC 61 Geometric Figures

The children continue to describe geometric figures with special

emphasis on parallel and perpendicular lines. Many geometric con-

cepts are approached intuitively as the children experiment with

paper-folding, geoboards, geometric pieces, and other materials.

TOPIC 62 Addition and Subtraction of Larger Numbers

The addition and sul-traction algorithms are extended to five- and

six-digit numbers and the children are expected to master the

algorithm for the numbers 0-999,999.

TOPIC 63 Measuring

Children measure objects on many attributes to solve problems

involving ordering, joining and separating. Special emphasis is

plcaed on converting from one unit to another by grouping or

partitioning. The cjlildren conduct open-ended experiments, collect

and organize their data, and discuss the results.

TOPIC 64 Multiplication With Larger Numbers

The background for the multiplication algorithm continues to be

developed as the children draw pictures of subproducts to help solve

multiplication problems. More efficient ways of solving division ,

sentences are developed.

TOPIC 65 Problem Solving

Problems that require a combination of familiar processes are presented.

Grouping and partitioning are emphasized. The children are asked to

evaluate information presented in a problem situation in terms of

whether that information is sufficient for, or relevant to, the solu-

tion of the problem.
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Circle the picture that shows the balance beam in balance.

180

Circle the sentence that tells about the weights

Ti

Ti

Ti

weighs less than

weighs more than

weighs the same as

a and a

impossible to tell from the picture

Weights

and

Ti

13

and Fl are put together on one end of the balance beam and

are put together on the other end of the balance beam. Circle

the picture that shows how the balance beam might look.

impossible

tm tell



The distance from Alta to Bright is: 7 miles

12 miles

16 miles

19 miles

The shortest distance from Alta to Drago is: through Bright

through Cable

through Elmtown

through Flagge

The sign

BRIGHT 16

EIXTOWN 19

should be placed: in Drago

in Alta

in Flagge

in Cable

0 1 5



Jack and Bob went fishing. They both caught two kinds of fish, trout and

pike. Bob caught 10 trout. Together they caught 18 trout and 10 pike.

Jack caught 15 fish.

Now many trout did 0ob catch?

Now many fish did they catch altogether?

Now many pike did Bob catch?

182

There are 45 houses on Century Avenue. The houses are white, blue, yellow,

green, or gray. 18 of the houses are white. There are half as many blue

houses as white houses. 15 of the houses ere yellow. Only 1 house is grey.

There are more blue houses than white houses. TRUE FALSE Impossible
to tell

There are more blue houses than yellow houses. TRUE FALSE Impossible
to tell

How many of the houses are green?

216
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Put a circle around the sentence
that tells about A < B.

A in less than B.

A is greater than B.

A is equal to B.

183

'he sentences tell about the figures. Decide which figure is A, which

is B, and which is C. Write the leters on the figures.

A < B B <C

The following sentences tell about the numbers A, 2, C, and D.

C + 3 B

D < A

B D - 4

Write the four numbers A, B, C, and D in order from smallest to largest.

(smallest)
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Both pencils cost the same. TRUE FALSE IMPOSSIBLE TO
TELL

How much would 8 of the 2C pencils cost?

What is the greatest number of pencil's you could buy for 27?

Jack lost some weight. Susan lost half as mulh weight as Jack lost.

Carol loit half es much weight as Susan lost. 3arol lost 10 pounds.

Jack lost more weight than Susan. TURE FALSE ItrOSSIBLE TO
TELL

Circle the number that tells how many pounds Susan lost.

1
5 10 20 40 none of these

2

If Jack weighs 130 pounds now, how much did he weigh before he lost

weight?



Each of the four blocks

^

is covering a number of chips.

in the picture

The numbers below the pictures tell hOw many chips are covered by those

blocks.

Lii
2 8

How many chips.are covered by

How many chips are covered by

How mcn;y chips are covered by,

10

21 9

185



Jackie Ms twice am many football cards au Mike. Each has more football

cards than Terry. Mite has 15 foc".ball cards.

Terry has the most football cards. TRUE FALSE

How many football cards does Jackie have?

Circle the number that tells how many football cards the three could

have altogether. (You don't know exactly how many they have altogether.),

63 42 58 72

186

A parking lot has room for 8 rows of cars with 9 cars parked in each of

those rows.

The parking Jot has,the same

number of cars in each of the 8 rows. TRUE FALSE

How many cars can be parked in the parking lot?

rIn another parking lot, trucks are parked. Each truck takes the space of

3 cars. There are 12 trucks in the parking lot and it is completely full.

If there were 4 rows in the parking lot, haw many cars could be parked in

each row?

2 0



In Circleland, people write

wriLl when they mean 61.

In Circleland, people write

What do they mean when they write

What do they mean when they write

when they mean 475 and they

when they mean B. TRUE FALSE

36

63

630

603

306

4,526

40,526

4,562

45,620

45,260

187



Everything weighs 6 times asmuch on Earth as it does on the Moon.

Everything weighs 2 times as much on Earth as it does on Mars.

A box weighs more on the Moon than it does on Earth.

TRUE FALSE IMPOSSIBLE TO
TELL

A box weighs 24 pounds on the Moon. How much does it weigh on Earth'

4 6%, 24 144 impossible to tell

A dog called Rover weighs 4 pounds on the Moon.

Another dog called Spot weighs 12 pounds on Mars.

If both dogs were in the same place, then

Rover would weigh more than Spot

Rover would weigh less than Spot

Rover would weigh the same as Spot

Impossible to tfll

188



This 1.1 a rectangle.

6 ft

fpft

The retTangle iA,4 feet long on one side and 6 feet long on another side.

TRUE FALSE

The area of the rectangle is: 10 sq ft 20 sq ft 24 sq ft 100 sq ft

The area of the floor of a room pictured below is 96 sq ft. A small rug

14 on the floor.

The area of the floor

4 tt

RUG

4 ft

not covered by, the rug is: 79 sq It

82 sq ft

84 sq ft

89 sq ft

impossible to tell

189

A gallon is larger than a pint.

TRUE FALSE

'Solve the sentence.

16 quarts = gallons

Solve ,the sentence.

2 gallons = 1 cups

Measurements

2 cups =,1 pint

2 pints = 1 quart

4 quarts = 1 gallon

2 half gallons = 1 gallon



A

1

The distance from A to E is 21 cm.

The distance from U to A is 17 cm.

The distance from B to E is 14 cm.

C is half-way between B end D.

What is the distance from A to D?

What is the distance from A to B?

What Is the distance from B to C?

The dining room of a ship has 14 tables. One-half of the tables.havg

6 chairs at each table and the other half of the tables have 4 chairs

at each table.

7 tables have 6 chairs at each table. TRUE FALSE

What is the largest number of people that can sit in the dining room

at one time?

Another ship has 70 passengers. If all of the passengers and crewmen

are sitting in the lifeboats, there are 7 passengers and 2 crewmen in

each lifeboat.

How many crewmen ate on fhe ship?



Put a number tn each

1 2

4 7

1 2

to complete the numher pattern.

10

4

LJ

6

16 19

7 Li 16 22

Rodemarie had 30 pencils. She lost 16 of them.

She has fewer pencils now.

How many pencils does she have now?

TRUE FALSE IMPOSSIBLE TO
TELL

Kirk had'some pieces of candy. He gave onehalf of them co Mary.

Then he gave 3 pleceg to Harold and had 6 pieces left.

How many pieces did he start with?



n is the number of miles from Chicago to Detroit.

Chicago

192

Circle the true sentence: It takes n hours to drive from Chicago to Detroit.

n is the number of miles from Detroit to Chicago.

It takes n hours to fly from Chicago to Detroit.

n is the distance in miles from Detroit to Cleveland.

2(n) + 100'represent8:
The distance from Chicago to Cleveland.

A distance twice the distance from Chicago to Detroit.

A distance less than the distance between Chicago and

Detroit.

A distance more than twice the distance between

Chicago and Detroit.

A

The distance from A to C is twice the distance from C to B.

If you drive from A to B and then back to C, you will have gone:

4 times the distance from A to C

2 times the distance from A to C

11-- times the distance from A to C
3

11. times the distance from A to C
2



This Is a picture of a cube.

Circle the picture that has a on a face of the cube.

How many faces does a cube have?

193

These are four views of the same cube.

%. z z o
,,/

Here is another view of the same cube.

Y

Circle the figure that goes on the

Z 0



A ferryboat never crosses the river-unless it is full, The ferryboat'is

full when it holds 12 cars.
The ferry is also full when it holds 8 trucks.

Cars and trucks are never on
the ferryboat at the same time.

Sometimes the ferryboat crosses the river with 10 cars.

TRUE FALSE
Te/:

In two trips, how many
trucks coulci the ferryboat have carried?

8 12 16 24 none of these

The ferryboat made 4 trips across the river end carried 44 vehicles.

(Cars and trucks are vehicles)

Circle the sentence which could be true.

The ferryboat was filled with cars each tick

The ferryboat was filled with trucks each time.

The ferryboat was filled with cars more than onerhalf the time.

The ferryboat was filled with trucks at least one-half the time.

None of the entencs is true.

19 4

Find the sums.
-Find the missing numbers.

6 463

+ 9 + 296 3 5
25_1

1.-A3

228

o
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THESE PROBLEMS ARE ABOUT BALANCE BEAMS.

124. Which picture hows the balance beam in balance?

(A)

0))

(C)

196

125.

Which sentence tells about the weights

(A)

(1))

(C)

A

A

weighs less than

weight more than

weighs the same as

1,

and

(D) Impossible to tell from the pletuie.

126.

Weights

and 1:3 and

and are put together on one end of the balance beam

are put together on the nther end of the balance

beam. Which picture shaws how the balance beam might look?

(A)

(5)

(C)

(D) Impossible to tell from the
picture.



THESE PROBLEMS ARE ABOUT DISTANCES BETWEEN CITIES ON A MAP.

14 miles able

Flagge

197'

Alta
Elmtown

127. The distance from Alta to Bright is:

(A) 7 miles

(B) 12 miles

(C) 16 miles

OD) 19 miies

128. The shortest distance from Alta to Drago is:

(k) through Bright

(B) through Cable

(C) through Elmtown

(D) through Flagge

al

,

129. The sign BRIGHT 16

ELMTOW* 19

(A) in Drago

(B) in Alta

should be placed:

(C) in Plagge

(B) in Cable

(E) !Ione of these
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THESE PROBLEMS ARE ABOUT FISHING.

Jack and Bob went fishing. They both caught two kinds of fish, trout and

pike. Bob caught 10 trout. Together they caught 18 trout and 10 pike.

Jack caught 15 fish.

130. How many trout did Bob catch?

(A) 10

(B) 15

(C) 18

(D) 28

(E) None of these

131. How many fish did they catch altogether?

(A) 18

(B) 25

(C) 26

(D) 43

(E) !long of these

132. How many pike did Bob catch?

(A) 0 (C) 5

(8) 3 OD) 10

(E) None of these

232
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THESE PROBLEMS ARE ABOUT DIFFERENT COLORED HOUSES.

There are 45 houses on Century Avenue. -The houses are white, blue, yellow,

green, or gray. 18 of the houses are white. There are half as many blue

houses as white houses. 15 of the houses are yellow. Only 1 house

is gra'y.

133. ,There are more blue housis than white houses.

(A) True

(B) False

(C) Impossible to tell

134. There are more blue houses than yellow hOuees.

60 True

(B) False

(6 Impossible to tell -

135. How many of the houses are green?

(A) 0

(B) 1

(C) 2

ao 5

(E) None of these
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THESE PROBLEMS ARE ABOUT RELATIONSHIPS BETWEEN THINGS.

136.- Which sentence tells about A 4:11?

(A) A is less than B.

(6) A is greater than B.

(() A to equal to B.

137. The sentences tell about the figures.

A B

B4c C

Decide which figure is A,jch is II, and which is C.

Which of the following has the correct letter written on eachfigure?

(A) (;)

(B)

(C)

(D)

(E) Nene of these

e

1
=21116

INNINIM

11101111

CEI

138. The fillowing three sentences
tell about the numbers A, B, C, and D.

C 4. 3 0,11. D B 0 - 4

Which of the following has the. numbers A, IS, C, D written in order

from the smallest to the largest?

(A) A, 8, C, D

(B) C,B, D. A

(C) B, C, A, D

(D) 8, A, D, C

(E) None of these

2 :3



THESE PROBLEMS ARE ABOUT BUYING PENCILS.

139. Both pencils cost the same.

(A) True

(8) False

(C) Impossible to tell

10G

Mir

rItYsii/
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140. How much would 8 of the 2c pencils cost?

(A) 8c

(B) 14C

(C) 16c

(D) 26c

(E) None of these

141. What is the greatest number of pencils you could buy for 27c?

(A) 9 (C) 16

(8) 13 (D) 18

(E) None of these
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202

Jack lost some weight. Susan lost half as much weight as Jack lost.

Carol lost half as much weight as Susan lost. Carol lost 10 pounds.

142. Jack lost more weight than Susan.

(A) True

(B) False

(C) Impossible to tell

143. .Which number tells how many pounds Susan lost?

(A) 5

(0) 10

(C) 20

(D) 40

(B) None of these

144. If Jack weighs 130 pounds now, how many pounds didh's weigh

before he lost weight?

(A) ,140 (C) 160

(11) 150 (D) 170

(E) None of these
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_THESE_PROBLEILIABE_ABOILLBLOLKS COVERING CHIPS.

Each of the four blocks
in the

pictUre below is covering a number of chips.. lbe ndmbers below the

pictures tell how many chips are covered by these blocks.

2

145: Hot, many chips are covered

(A) 2

(8) 4

(C) 9

(D) 11

(E) None of these

10

203

146. How mAny chips are covered

(A) 12

(8) 15

(C) 17

(D) 29

(E) None of these

147. How many chips are covered by

(A) 0 (C) 5

(8) 4 ()) 8

(E) None of these

237
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THESE PROBLEMS.ARE ABOUT.CRAYONS.

Judy has twice as many crayons as Mike. Each has more crayons than

Karen. Mike has 15 crayons.

148. Karen has the most crayons.

(A) True

(a) False

(C) Impossible to tell

149. How many crayons does Judy have?

(A) 20

(3) 25

(C) 30

(D) 45

(E) None of thesis

150. Which number tells how many crayons the three could have altogether?

(You don't know exactly how many they have altogether.)

(A) 42 (C) 63

(8) 58 (D) 72

(E) None of theee



THESE---PROBLEMS-0.RE-MBOLIT 4.PARKING_IPT

A parking lot has room for 8 rows of cars with 9 cars parked in each of

those rows.

151. When the parking lot is full, the parking lot has the same number

of cars in each of the 8 rows.

(A) True

(B) False

(C) Imposmible to tell

205

152. How many cars can be parked in the parking lot?

(A) 8

(1) 9

(C) 64

CD) 72

(E) None of these

153. In another.parking lot, trucks are parked. Each truck takes the

space of 3 cars. There are 12 trucks in the parking lot and it is

completely full. If there were 4 rows in the parking lot, how many

cars could be parked in each row?

(A) 9

(E 12

Mt,

239

(C) 36

(D) 48

(E) None of these



THESE PROBLEMS ARE ABOUT HM -PEOPLE war NUKSERSIN CIRCLELAND.

In Cireleland, people write

write
When they mean 61.

154. In Circleland, people write

(A) True

(B) False

(C) Impossible

when they mean 475 and they

when they mean 8.

206

155. What do they mean when they write

(A) 36

(1) 63

(C). 630

(D) 601

(E) 306 ;

156. What do they mean when they write

(A) 4,526

(f) 40,526

(C) 4,562

(D) 45,620

(E) 45,260

1
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THESE PROBLEMS ARE -ABOUT- BOW- MUCH THINGS -WEIGH ON-THE, MOON, _MARS , AIND EARTH. _

Everything weighs 6 times as much on Earth as it does on the Moon.

Everything weighs 2 times as much on Earth as it does on Mars.

157. A box weighs more on the Moon than it does on Earth.

(A) True

(3) False

(C) Impossible to tell

158. A box weighs 24 pounds on the Moon. How much does it weigh on Earth?

(A) 4 pounds

(3) 6 pounds

(C) 24 pounds

(D) 144 pounds

(E) None of these

159. A dog called Rover weighs 4 pounds on the Moon. Another dog called

Spot weighs 12 pounds on Mars;

If both dogs were In the same place, then

(A) Rover would weigh more (C) Rover would wel4h the

than Spot. SAM! as Spot.

(3) Rover would weigh less (D) Impossible to tell

than Spot.
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THESE PROBLEMS ARE ABCUT AREA.

This is a rectangle.

ft.

6 ft.

160. The rectangle is 4 feet long on one
side and 6 feet long on another side.

(A) True

(B) False

(C) Impossible Eco tell

161. The area of the rectangle is:

(A) 10 sq. ft.

(B) 20.se. ft:

4C) 24 sq. ft.

OD) 100 sq. ft.

(E) None of these

162. The area of the floor of a room pictured
below is 96 sq. ft. A

small rug i on the floor. 4 ft,

4 ft.

The area of the floor not
covered by the rug is:

(A) 79 sq. ft.

(11) 82 sq. ft.

(C) 84 sq. ft.

(D) 89 sq.. ft.

(E) None of these
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THESE PROBLEMS ARE ABOUT LIQUID MEASURE. USE THE TABLE TO HELP you ANSWER

THE QUESTIONS.

Measurements

2 cups = 1 pint

--2 pinta 0.- 1quart -

4 quarts 1 gallon

2, half gallons = 1 gallon

163. A gallon is larger

.(A) True

(B) Falso

(C) Impossible to tell

than a pint.

164. 16 quarts gallons. Which number will solve

the sentence?

(A) 1

(B) 2

(C) 3

(D) 4

(E) None of these

165. 2 gallons = cups. Which numbe; will solve

the sentence?

(A) 4 (C) 16

(3) 8 (D) 32

(E) None of these

2 3



THESE PROBLEMS ARE ABOUT MEASURING DISTANCES.,

A

The distance from A to E is 23 cm.

The distance from D to A is 17 cm.

The distance from B to E is 14 cm.

C is half-way between B and D.

166. What is the distance from A to D?

(A). 4 cm.

(B) 14 cm.

(C) 17 cm.

(D) 23 cm.

(E) 40 cm.

210

167. What is the distance from A to D?

(A) 2 cm.

(B) 9 cm.

(C) 10 cm.

(D) 12 cm.

(E) None of these

168. What is the distance from li.to C?

(A) 4 cm.

(B) 5 cm.

.(C). 6 cm.

(D) 10 cm.

(E) None of these

244



The dining room of a ship has 14 tables. One-half of the tables have 6

THESE PROBLEMS ARE ABOUT PASSENGERS ON A SHIP.

chairs at each table and the other half of the tables have 4 chairs at
3

211

eaeh -EabTe .

169. 7 tables have 6 chairs at each table.

(11) True

(B) Pelee

(C) Impossible to tefl

170. What- is the largest number of people that can sit in the dining

room at one time?

(A) 14

(B) 24

(C) 70

(11). 140

(E) None of these

171. Another ship has 70 passengers. If all of the passengers and crewmen

are sitting in the lifeboats, there are 7 passengers and 2 crewmen in

each lifeboat. How many crewmen are on the ship?

(A) 2

(B) 14

(C) 20

(D) 70

(E) None o.f these



THESE PRoBLEMS ARE ABOUT NUMBER PATTERNS.

Which number belongs in the

1724 1 .

to complete the number pattern.

5 6

173. 4 7 10

(h) 9

(3) 10

(C) 13

(D) 15

(E) None of these

16 19

-71
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174. 1 2 4 7

(A) 9

/03) 10

16 22

(C) 11

(D) .13

(0) None of these



THESE PROBLEMS ARE ABOUT PENCILS AND CANDY.

Rosemarie had 30 pencils. She lost 16 of them.

475.. She has fewer pencils nob/.

(A) True

(B) False

(C) 4mpossible to tell

176. How many pencils does she have now?

(A) 14

(B) 16

(C) 24

(D) 26

.(E) None of these

t,

177. Kirk had some pieces of candy. He gave one-half of them to

Mary. Thun he gave 3 pieces to Harold and had 6 pieces left. How

many pieces did he start with?

(C) 15

(D) 18

(E) None of these

2 7
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THESE PROBLEMS ARE ABOUT MEASURING DISTANCES BETWEEN CITIES.

n is the number of miles from Chicago to Detroit.

Detroit

1,6

Chicago

Cleveland

178. Which is the true sentence?

(A) It takes n hours to drive from Chicago to Detroit.

(B) n is the number of miles from Detroit to Chicago.

(C) It takes n hours to fly from Chicago to Detroit.

(D) n is the distance in miles from Detroit to Cleveland.

179. 2(n) + 100 represents:

(A) The distance from Chicago to Cleveland.

(B) A distance twice the distance from Chicago to Detroit.

(cy A distance less than the distance between Chicago and

Detroit.

(D) A distance more than twice the distance between Chicago

and Detroit.

(E) None of these

A I

180. The distance from A to C is twice the distance from C to B. If you

drive from A to B and then back to C, you will have gone:

(A) 4 times the distance from (C) 1
1 times the distance

A to C. from A to C.

(B) 2 times the distance from fp) LT times the distance

A to C. from A to C.

(E) None of these

248

Ire



I r

j. THESE PROBLEMS ARE ABOUT A CUBE.

This is a pictuie of a cube.

181. Which picture has a 41 on a face of the cube?

(A)

(E)

(C)

215

182. How many faces does a cube have altogether?

CO 3

(3) 4

(C) 5

(D) 6

(E) None of these

183. These are four views of the same cube.,\

Here is another view of the same cube. .WhiCh figure goes on the

(A) hE

(3) 1:1

213
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THESE PROBLEMS ARE ABOUT A FCARYBOAT CROSSING A R/VER.

A ferryboat never crosses
the river unless it is full. The ferryboat is

full when it holds 12 cars.
The_ferry is also full when it holds 8

trucks. Cars and trucko are never on the ferryboat at the samc time.

184. Sometimes the ferryboat crosses the river with 10 cars.

(A) True

(B) False

(G) Impassible to tell

15. In two trips, how many trucks could the ferryboat have carried?

(A) 8

(B) 12

(C) 16

(D) 24

(8) None of these

186. The ferryboat made 4 trips across the river and carried 44 vehicles.

(Cara and trucks are vehicles) Which of the following sentences

could be true?

(A) The ferryboat was filled (C) The ferryboat was filled

with cars each time, with cars more than one-half

the time.

(B) The ferryboat was filled (D) The ferryboat was filled with

with trucks each time, trucks at least one-half

the time.

(8)

2

None of these
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THESE PROBLEMS ARE ABOUT FINDING SUNS OF MISERS.

187. What Ls the

6

answer to + 9 ?

(A) 14

(B) 15

(C) 16

(D) 17

463

188. What is the answer to + 296 ?

(A) 659

(B) 669

(C) 759

(D) 769

(E) None of these

6

189. Which number ongs the

31
+250
A43

2 5

(C) 8

(D) 9

(E) None of these
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POTENTIAL ITEMS FOR INCLUSION IN A SCALE

TO MEASURE STUDENTS'ATTITUDES TOWARD PROBLEM SOLVING

The next few pages contain a list of statements which purport_ to

measure fourth grade students' attitudes toward mathematical problem solving.

Included are statements reflecting children's beliefs about the nature of

some kinds of mathematics problems, the nature of the problem solving process,
the desirability of persevering when confronted with a difficult problem', and

the value of generating many ideas. Some statements refer to children's

ability to succeed in problem solving situations while others deal wieh -

sources of children's anxiety in not knowing how to go about slolving problems

or the fear of being incapable of effective thought.

Many more statements are included in this list than will be used on the

final student problem solving attitude scale. Children will be asked to

respond to each item by checking one of five responses:

Really agree
Agree
Can't decide
Disagree
Really disagree

Your candid reactions to the items are solicited and appreciated.

Questions for the reviewer:

(1) In your opinion, is the statement one which would help to reflect

a student's attitude toward problem solving?

(2) ff yourresponse to (1) is affirmative, does the statement seem
to reflect a relatively favorable or relatively unfavorable

attitude toward problem solving? Please so indicate before

the item.

(3) If your response to (1) is negative, place an X on the number

of the item.

PLEASE FEEL FREE TO COMMENT ABOUT, OR MAKE CHANGES IN, ANY ITEM.

253



220

The nature of the problem solving process:

1. I don't care how long it takes me to work a problem, just

as long as I'm careful.

2. After I have solved a problem, I like to go back and check

to see if my answer makes sense.

3. If I don't see how to solve a problem right away, I try

different things to see if something might work.

4. I don't worry about making a mistake in'solving a problem,

just as long as I finish quickly.

5. Before I solve some problems, I like to stop and think about

them.

6. After I read a problem and before I solve, I think about what

I know and what I don't know in the problem.

7. In math there is always a rule to go by to solve a problem.

8. After I solve a problem, I think it's silly to go back and

check to see if my answer makes sense.

9. I like to tell my friends about things I have done in math.

10. I don't like to solve sentences like 21(0) 88.

11. I would rather be in a spelling contest than in a problem

solving contest.

12. You have to be careful when you solve a math problem, because

some problems don't have answers.

13. I try to read a problem very carefully before I solve it.

14. To solve a problem, you have to put the things you know

together with the things you don't know.

15. I like to solve sentences like 11(0) + (0) = 56.

16. Before I solve a problem I like to write down some of the

tangs I know about the problem.

17. It's a good idea to really think about a math problem, because

some problems have many answers.
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18. I like to draw pictures to help me solve some problems.

19. I like to solve puzzles.

20. I don't like games that make you think.

21. It is fun to think about math problems outside of school.

22. I like to try new games.

23. I like to play games that really make you think.

24. Puzzles are dumb.

25. I think it's silly to draw pictures to help solve a problem.

26. Puzzles are fun.

Success in solving problems:

27. If I had a hundred years, I don't think I could solve some

problems.

28. I don't mind taking a chance on making a mistake when I try

to solve a problem.

29. Trying to solve a new type of math problem is too hard for me.

30. There are too many chances to make a mistake in solving math

problems.

31. If I had plenty of time, I could be better at solving problems.

32. It is hard for me to really think about what I'm doing in math.

33. I can solve puzzles as well as most of my friends can.

34. There are so many rules to learn in math that I just can't

solve problems very well.

35. I can do math problems about as well as most other boys or

girls in my class.
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The enjoyment of solying mathematics problems:

36. Discovering how to solve a new math problem makes me feel happy.

37. Doing math problems is fun.

38. I like to do math problems that are quick and easy.

39: I don't like to work on math problems outside of school.

40. I never get tired of working with numbers.

41. I wish we could spend more time in school doing math problems.

42. Math is one of my favorite subjects in school.

43. I like to figure and reason out math problems.

44. Sometimes I do extra work in math just for fun.

. 45. Doing math problems is boring.

46. Solving math problems is dull.

47. I don't enjoy solving any kind of math problem.

48. I like most other school subjects better than math.

49. Trying to discover how to solve a new math problem gives me

a pain.

50. I would rather do almost anything else than try to solve a

math problem.

Anxiety when solving problems:

51. There is so much hard work in trying to solve a math problem

that sometimes I just want to throw fily paper away.

52. Sometimes I get very upset if I can't solve-a problem.

53. There are just too many steps needed to get the answers to

math problems.
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54. My mind goes blank, and I can't think straight when working

math problems.

55. I don't understand how some students think that solving math

problems is fun.

56. No matter how hard I try, I can t understand how to solve math

problems.

57. It makes me nervous just to think about having to do a math

problem.

58. Math problems make me feel like I'm lost in a jungle of

numbers and can't find my way out.

59. I am afraid of doing problems.

60. I get very mad when I can't solve a math problem.

Reactions to mathematics problems:

61. Math problems are dumb.

62. I like the problem

359 + 574 - 684 + 999 + 466 - 72 + 839 =

better than the problem

Jane is half as tall as Dick. Joe is half as

tall as Jane. Mark is half as tall as Joe.

Dick is 60 inches tall. How tall is Joe?

63. The feeling that I have toward math problems is a good feeling.

64. I don't like any kind of math problem.

65. Math problems are fun.

66. Most problems in math are very interesting.

67. 1 would like math problems better if they weren't so hard.

68. Math problems are easy to understand.
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69. Math problems are more like games than hard work.

70. I like tricky,math problems.

71. The feeling that I have'toward math problems is a bad feeling.

72. Math problems are never interesting.

Perseverance in solving problems:

73. When we don't do all our math problems in class, I like to think

about them later, even if we don't have to.

74. I don't like to do problems unless I see how to work them right

away.

75. There are too many steps needed to get the answer to a math

problem.

76. I would rather have someone tell me how to solve a hard problem

than to have to work it out for myself.

77. I can't make myself think about a problem long enough to solve it.

78. I would rather solve a problem myself than have someone show me

how to solve it.

79. When I have a problem that I can't solve right away, I stick with

it until I have it solved.

80. Most math problems take too long to solve.

81.. When I have a problem that I can't solve right away, I just give up.

82. When we don't do all our math problems in class, I don't like to

even think about them later.
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DIRECTIONS: In this part of the booklet are some statements that are not

finished. We want you-to finish each statement by telling us

how you feel about the statement. Here is an-example to show

you what to do.

EXAMPLE: The way I feel about doing subtraction problems is

Put en X on the face that tells how you feel about the statement.

Remember, there are no right or wrong answers. You may not feel the

same way that other students do, but that is all right. Just mark exactly

how nu feel.

When you come to the word STOP, wait for directions before going on.

YOU MAY TURN THE PAGE AND BEGIN.

Publishd by the Wisconsin Research and Development Center for Cognitive Learning,

upported in part as a research and development center by funds frdin the National

Institute of Eduoation, Department of Heilth, Education, and Welfare. The opinions

xpressed herein do not necessarily reflect the position or policy of the National

Institute or Education and no official endorsement by that agency should be inferred

Center Contract No. NE-C-00-3-0065

2:c 9



1. Talking about things we do in math makes me feel

2. The way I feel about hard math problems is

3. The way I feel about solving puzzles is

4. Finding out how to solve a new kind of math problem makes me feel

5. The way I feel about long math problems is

1*)

- t.)

226
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6. Thinking about math problems outside of school makes me feel

7.. The way I feel about drawing pictures to heip me solve some problems is

8. The way I feel about math class is-

9. Trying new klAds of games makes me feel

10. The way I feel about doing math problems is



11. The way I feel about playing gameS that really make y u think is

12. Trying' tq work a new kind' of math problem makes me feel

134 The way I feel about t ,icky math problems is/

14. If we spent more time in s hool doing matlt problems, I would be

STOP. WAIT FOR MORE DIRECTIONS EFORE GOING ON.

262

228
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Tu this next part are some statements made by boys and girls like you.

We want you to read the statements and then tell us how you feel about them.

Here is an example to show you what to do.

EXAMPLE: I like to work addition problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

Put an,X in the blank which tells how you feel about the statement.

If you feel the same way about the statement, put an X by AGREE.

If you really feel the same way, put an X by'REALLY AGREE.

If you don't feel the same way, put an X by DISAGREE.

If you really don't feel the same way, put an X by REAELY DISAGREE.

If you are not sure how you feel, Put an X by CAN'T DECiDE.

There are no right or wrong answers in this part either. Just mark

exactly how you feel.

When you finish, put your pencil down and wait quietly for the rest

of the class to finish.

2 4"" 3
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15. T have a hard time thinking when I try to work a math problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

[6. Math problems are more like games than hard work.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

17. After I get an answer to a problem, I think it's silly to go back and

check to see if my answer makes sense.

REALLY AGREE

AGREt

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

18. I like the problem

359 + 574 684 + 999 + 466 72 + 839 =1---]

better than I like the problem

Emily is half as tall as Darrell. Andy is half

as tall as Emily. Chad is half as tall as Andy.

Darrell is 60 inches tall. How tall is Andy?

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

2c3,1



19. I would rather work a problem myself than have someone show me how
to work it.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

231

20. There are just too many steps needed to get the answers to most math problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

21. It makes me nervous just to.think about having to do a math problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

22. I can do math Problems about as well as most other students in my class.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE_ _
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23. Trying to solve a new kind of math problem is hard for me.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

24. 1 don't mind taking a chance on making a mistake when solve a problem.

REALLY AGREE

_AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

25. Before I work some problems, I like to stop and 0-ink about them.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

26. 1
can't make myself think about a problem long enough to sOlve it.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE
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27. T try to read a problem carefully before I solve it.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY Di5AGREE

28. I would rather do almost :.nything else than try to solve a math problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

29. When I have a problem that I can't solve right away, I stick with it

until I have It solved.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

30. 1
don't understand why some students think that solving math problems is fun.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

2t:7
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31. I don't like to do problems unless I see how to work them right away.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

32. I am afraid of doing math problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

33. No matter how hard I try, I have trouble understanding math problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

34. If C don't see how to solve a problem right away, I like to try different

thingfi to see if something might work.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

268
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35. Math problems are'clumb.

REALLY AGREE

AGREE-

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

36. After I read a problem, I like to think about what I know and what I
don't know in the problem

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

37. Before I work a problem it sometimes helps to write down some of the
things I know about the problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

38. Math problems make me feel like I'm lost in a jungle of'numbers and
can't find my way out.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

2f,:3
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39. There are so many rules to learn in math that I just can't sollie

problemgovery well.

REALLY AGREE

AGREE

_CAN'T DECIDE

DISAGREE

REALLYIDISAGREE

40. 1 don't worry about making a mistake when I work a problem, just as

lung as I finish quickly.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE
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POTENTIALIITEMS FOR INCLUSION IN A SGALE

TO MEASURE TEACHERS'ATTITUDES TOWARD PROBLEM SOLVING

The next few pages contain a list of statements which purport to

measure elementary'teachers' attitudes toward mathematical problem solving.

For commrative purpoE>es, and insofar as possible, the items "parallel"

those included in the student list.

Many more statements ai-e included in this list'than will be used on

the final teacher problem solving attitude scaleq Teachers will be asked to

respond to each item by checking oneeof five respbn8es:

\

Strongly agree
Agree
'Undecided
Disagree
Strongly disagree

Your candid reactions to the items are solicited and appreciated.

Questions for the reviewer:

(1) In your opinion, is the statement one which would help to reflect

a teacher's attitude toward problem solving?

(2) Tf your, response to (1) is affirmative, does the statement seem

to reflect a relatively favorable or relatively unfavorable

attitude toward problem solving? Please so indicate before

the item.

(3) Tf your response to (1) is negative, place an,X on the number

of the item.

PLEASE FEEL FREE TO COMMENT ABOUT, OR MAKE CHANGES IN, ANY ITEM,
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The nature of the problem solving process:

1. Accuracy in solving a problem is more important than speed.

2. Few mathematics problems require one to stop and think before

solving.

3. After solving a problem, it is of little value to go back and

check to see if the answer makes sense.

4. A person should be careful in solving mathematics problems

because some problems do not have answers.

5. I do not like to solve puzzles of any type.

6. It is a waste of time to draw a figure to help solve a mathematics

problem.

7. Accuracy is of little importance in solving a problem, as long as

an answer can be obtained quickly.

8. After reading a problem, and before solving, it is a good idea to

think about the known and unknown factors in the problem.

9. I enjoy trying new games.

10. I prefer relaxing games to those which make one think.

11. I enjoy playing games that really make a person think.

12. When a question about a mathematics problem is left unanswered,

I like to think about it later.

13. I have always enjoyed solving number sentences.

14. Drawing figures to help solve problems is helpful.

15. If a person does not see how to solve a problem right away,

it is a good idea to try different approaches to see if something

might work.

16. After solving a problem, it is a good idea to go back and check

to see if the answer makes sense',

17. MathematiCs is little more than a series of rules to be learned

before solving problems.

18. I enjoy sOlving all types of puzzles.

19. It is a good idea to think carefully about a mathematics problem

because some problems have many answers.
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Success in solving problems:

20. The number of rules one must learn in mathematics makes solving

problems difficult.

21. There are too many chances to make a mistake when solving

mathematics problems.

22. Even if I had unlimited time, I do not think I could solve some

mathematics problems.

23. I have always been able to solve puzzles as well as most of the

people I&ow.

24. Trying to solve a new type of mathematics problem is difficult.

25. [ often have difficulty in knowing hou to go about solVing a

problem.

26. 1 do not mind solving problems if I see how to work them right

away.

27. If I had plenty of time, I believe I could be successful at

solving most mathematics problems.

28. A person should,not mind taking a chance on making a mistake

when solving a problem.

29. I believe I am as successful at solving mathematics problems as

most othee elementary teachers.

Enjoyment of solving problems:

30. Doing mathematics problems has always been fun for me.

31. I enjoy solving all kinds of problems.

32. Discovering the solution to a new mathematics problem is

exciting.

13. I always liked most other school subjects better than mathematics.

34. I have always enjoyed doing mathematics problems as long as they

are easy and uncomplicated.

35. Mathematics was one of my favorite subjects in school.

36. I' have usually found mathematics to be a dull subject.

37. 1 do not 'particularly like doing difficult niathematics problems.
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38. Solving mathematics problems is boring.

39. I have always enjoyed solving mathematics problems.

40. Mathematics problems are something I enjoy a great deal.

41. I have always thought that mathematics problems are more like

games than hard work.

42. I enjoy working on a tricky mathematics problem.

43. I have always considered mathematics problems to be a form of

drudgery.

44. The feeling that I have toward mathematics problems is a
pleasant feeling.

45. Mathematics problems take too long to solve.

46. Most problems in mathematics are not very practical.

47. I have always found mathematics problems to be dull and b6ring.

48. I have always felt that mathematics problems are fascinating

and fun.

49. Mathematics problems, generally, are very interesting.

50. Most mathematics problems are frustrating.

Anxiety when solving problems:

51. I have trouble understanding why some students think mathematics

problems are fun.

52. I often find'myself unable to think clearly when working
mathematics problems.

53. It often makes me nervous to think about having to solve

difficult mathematics problems.

54. Mathematics problems often make me feel as though I am lost in a

jungle of numbers and cannot find my way out.

55. Trying to discover the solution to a new problem is a frustrating

experience.

56. I tend eo get very upset with myself if I do not see how to solve

a difficult problem.

2
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57. Some mathematics problems just involve too many steps to bother

with solving them.

58. Regardless of how much effort I put forth, I still experience

a feeling of confusion when solving mathematics problems.

59. One might stay that I have a fear of solving mathematics problemi.

Perseverance in solving problems:

60. I would rather have gculeone tell me how to solve a difficult

problem than to have to work it out for myself.

61. If I cannot solve a problem right away, I like to stick with it

until I have it solved.

62. I have difficulty making myself think about a problem long

enough to solve it.

63. I do not particularly enjoy thinking about mathematics problems

outside of school.

64. I have always felt that there are too many steps necessary to

- solve most mathematics problems.

65. I enjoy thinking about mathematics problems outside of school.

66. I have always found it difficult to concentrate on mathematics

problems for a very long period of time.

67. Most mathematics problems, other than the simplest types, take

too long to solve.

68. I would rather solve a problem myself than have someone show

me how to solve it.

69. If I cannot solve a problem right away, I tend to give up.

70. I can always find time to work on mathematics problems.

The teaching of problem solving:

71. I encourage my students to use trial-and-error when solving

many math problems.

72. I like to stress with my students that there are often many

different ways to solve the same problem.
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73. A teacher should always-do sample problems for students before

making an assignment.

74. I think students should be encouraged to use the method that

suits them best when solving a problem.

75. I like to spend much of the time in math class showing students

how to work problems.

76. Students need drill in problem solving skills just as they need

drill in computational skills.

77. A teacher should insist that students find their own methods

for solving problems.

78. Memorizing procedures to solve problems is helpful for most

students.

79. I like to emphasize with my students that, in mathematics,

some problems have many answers, and some problems have no answer.

80. Knowing how to compute is abOut all that is necessary for

solving most mall' problems.

81. I encourage my students to Check their answers to ploblems

to see if the answers actually make sense.

82. Students who do not see how to solve a problem right away

should be encouraged to try and think of another problem

like that one.

83. A teacher should demonstrate models for solving problems so

the students can imitate fhem.

84. I like to encourage my students to adopt a stop-and-think

attitude when solving problems.

85. The development of computational skills should take precedence

over the development of problem solving skills in the teaching

of elementary mathematics.

2 S2
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TEACHER SCALE

(Pilot)

On the next few pages are some statements related to mathematical

problem solving. Read each statement, think about it, and mark the response

which best represents your feelings with regard to the statement. Five

possible responses are listed for each item.

Published by the Wisconsin Research nd Development Center ror cognitive Learning,

upported In part as a research and development center by runds rrom the National

Institute nf Education. Department of Health. Education, and Welraro The opinions

xpressed herein do not necessarily reflect the position or policy f the National

Institute of Education and no official endorsement by that agency i;hould be inrerred

Center Contract No. NE-C-00-3-0069
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1. I have always found solving mathematics problems to be dull and

boring.

___Really agree
Agree
Can't decide
Disagree

Really disagree

2. I enjoy playing games that involve some intellectual challenge.

Really agree
Agree
Can't decide
Disagree
Really disagree

3. The feeling that I have toward mathematics problems is a pleasant

feeling.

Really agree
Agree
Can't decide
Disagree
Really disagree

4. I do not like to solve puzzles of any type.

Really agree
Agree
Can't decide
Disagree
Really disagree

5. One might say that I have a fear of solving mathematics problems.

Really agree
Agree
Can't decide
Disagree
Really disagree

6. Regardless of how much effort I put forth, I still experience a feeling
of confusion when solving mathematics problems.

Really agree
Agree
Can't decide
Disagree_

Really disagree_ .



248

I. After solving a problem, it is of little value to go back and check Lo

see if the answer makes sense.

Really agree
Agree
Can't decide
Disagree
Really disagree

8. I enjoy thinking about mathematics problems outside of school.

Really agree
_

Agree
Can't decide
Disagree
Really disagree

9. Trying to solve a new type.of mathematics problem is a frustrating

experience.

Really agree
Agree
Can't decide
Disagree
Really disagree

10. I have always thought that mathematics problems are more like games

than hard work.

Really agree
Agree
Can't decide
Disagree
Really disagree-

11. It T cannot solve a problm right away, I tend to give up.

Really agree
Agree
Can't decide
Disagree

. _

Really disagree

12. I believe I am am successful at solving mathematics problems as most

other teachers.

Really agree
Agree
Can't decide
Disagree
Really disagree

2S5



13. Mathematics problems, generally, are very interesting.

Really agree
_Agree
Can't decide
Disagree
Really disagree

14. Mathematics problems take too long to solve.

Really agree
Agree_
Can't decide
Disagree
Really disagree

15. The number of rules one must learn in mathematics makes solving
problems difficult.

Really agree
Agree
Can't decide
Disagree
Really disagree

249

16. Mathematics problems often make me feel as though I am lost in a jungle
of numbers and cannot find my way out.

Really agree
Agree
Can't decide

__Disagree
Really disagree

17. Doing mathematics problems has always been fun for me.

Really agree
Agree
Can'tdecide
.Disagree
Really disagree

18. I have trouble understanding why some students think mathematics
problemm are fun.* .

Really agree
Agree
Can't decide
Disagree
Really disagree
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19. ff I had plenty of time, I believe I could be successfUl at solving

_most mathem4t1cs problems.
,

Really agree
Agree
Can't decide
Disagree
Really disagree

20. If a person does not see how to solve a problem right away, it is a

good idea to try different approaches to see if something might work.

Really agree
Agree
Can't decide

-Disagree_
Really disagree

21. I enjoy trying new games.

Really agree
Agree
Can't dscide
Disagree
Really disagree

22. I enjoy solving puzzles.

Really agree
Agree
Ciul't.decide

Disagree
Really disagree

23. Drawing digures to help solve some problems is helpful.

RHIly agree

Cpn't decide
Disagree
Rrally disagree

24. ,Most mathematics problems are frustrating.

Rpal ky agree

Ajg I l4'

(inn ' t der f do
I s;17,too

Really disagree

9Lc,
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25. I do no/ mind solving mathematics problems if I see ow to work them

right away.

Really agree
Agree
Can't decide
Disagree
Really disagree \

26. I have difficulty making myself think about a problem long enough to

solve it.

Really agree
Agree
Can't decide

_
Disagree
Really disagree

27. I enjoy working on a tricky mathematics problem.

Really agree
Agree
Can't decide
Disagree
Really disagree

28. After reading a problem, and before solving, it is good idea to

think about the known and unknown factors in the problem.

Really agree
Agree
Can't decide
Disagree
Really disagree

29. I do not particularly enjoy thinking about mathematics problems outside

of school.

Really agree
Agree
Can't decide

--
Disagree
Really disagree

10. I woOd rather solve a problem myself than have someone show me how to

volve lt.

Really agree
Agree
Can't decide
Disagree
Really disagree

2
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31. After solVing.a problem, it is a good idea to go back and check to see

if the answer makes sense,

Really agree
_Agree
Can't decide
Disagree
Really disagree

32. I enjoy solving all kinds of problems.

ReallYagree
Agree
Can't decide
Disagree
Really disagree

.33. Some mathematics,problems just involve too many steps to bother with

solving them.

Really agtee
Agree
Can't decide
Disagree
Really disagree

34. I have always considered mathematics problems to be a form of drudgery.

Really agree
Agree
Can't decide
Disagree
Really disagree

35. ft is a waste of time to draw a figure to help solve a mathematics
problem.

_Really agree
Agree
Can't decide
Disagree
Really disagree

lh. Trying to discover the solution to a new type of mathematics problem

Is an exciting experience.

Really agree
Agree
Can't decide
Disagree
Really disagree
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37. T often find myself unable to think clearly when trying to solve

mathematics problems.

Really agree
Agree
Can't decide
Disagree
Really disagree

38. Mathematics problems are something I enjoy a great deal.

Really agree
Agree
Can't decide
Disagree
Really disagree

39. If I cannot solve a problem right away, I like to stick with it until

I have it solved.

Really agree
Agree
Can't decide
Disagree
Really disagree

40. A person should not mind taking a.chance on making a mistake when solving
a problem.

Really agree
Agree
Can't decide
Disagree
Really disagree

41. Most mathematics problems, other than the simplest types, take too long

to solve.

Really agree
Agree
Can't decide
Disagree
Really disagree

42. When a question about a mathematics problem is left unanswered, I like
to think about it later.

Really agree
Agree
Can't decide
Disagree
Really disagree
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43. I am challenged by mathematics problems I cannot immediately solve.

Really agree
Agree
Can't decide_
Disagree
Really disagree

44. It is a good idea to think carefully about mathematics problems, because

some problems have many answers.'

Really agree
Agree
Can't decide
Disagree
Really disagree

45. Discovering the solution to a new mathematics problem is exciting.

Really agree
Agree
Can't decide
Disagree
Really disagree-__

. 46. It makes me nervous to think about having to solve difficult

mathematics problems.

Really agree
_

Agree
Can't decide
Disagree
Really disagree

47. I do not particularly like doing difficult mathematics problems.

Really agree
Agree
Can't decide
Disagree
Really disagree

48. I have always found lt difficult to concentrate on mathematics problems
for a very long period of time.

_ .

_Agree

Can't decide
Disagree
Really disagree

Really agree

2 91



255

49. Mathematics is little more than a series of rules to be learned before
solving problems.

Really agree
Agree
Can't decide
Disagree
Really disagree

50. I would rather have someone tell me how to solve a difficult problem
than to have to work it out for myself.

Really agree
Agree
Can't decide
Disagree
Really disagree
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APPENDIX D

MATHEMATICAL PROBLEM SOLVING ATTITUDE SCALES
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YOUR FIRST NAME

TEACHER' S NAME

STUDENT SCALE

(Time 1 )

Girl

Boy

6) 1975 - The Regents of the University nf Wisconsin System for the Wisconsin

Research and Development Center for Cognitive Learning.
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exprest.ed herein do not necesserily reflect i.hot pnaition or policy of the National

Institute of Education and no official endorsement by that agency should be inferred.

Center Contract No. NE-C.00-;-0365
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PART I

DIRECTIONS: In this part of the booklet are some statements that are not

finished. We want you to finish each statement by telling us

how you feel about the statement. Here-is an example to show

you what to do.

EXAMPLE: The way I feel about doing subtraction problems is

Put an X on the face that tells how you feel about the statement.

Remember, there are no right or wrong answers. You may not feel the

same way that other students do, but that is all right. Just mark exactly

how you feel.

When you come to the word STOP, wait for directions before going on.

YOU MAY TURN THE PAGE AND BEGIN.

297



The way I feel about math class is

2. ,The way.I feel about long math problems is

3. The way I feel about solving puzzles is

4. The way I feel about doing math-problems is

298
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S. If we spent more time in school doing math problems, I woulki be

6. Finding out how to solve a new kind of math problem makes me feel

7. Thinking about math problems.outside of school makes me feel

R. The way I feel about tricky math problems is

293
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9. Trying to work a new kind of math problem makes me feel

10. Talking about things we do in math makes me feel

11. The way I feel about hard math problems is

12. The way I feel about playing games that really make you think is

STOP. WAIT FOR DIRECTIONS BEFORE GOING ON.

300
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PART II

In this next part are some statements made by boys and girls like you.

We want you to read the statements and then tell us how you feel about them.

Here is an example to show you what to do.

EXAMPLE: I like to work most addition problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

Put an X in the blank which tells how you feel about the statement.

If you feel the.same way about the statement, put an X by AGREE.

If you really feel the same way4 put an X by REALLY AGREE.

If you don't feel the samsway, put an X by DISAGIEE.

If you really don't feel the same way, put an X by REALLY DISAGREE.

If you are not sure how you feel, put an X by CAN'T DECIDE.

There are no right or wrong answers in this part either. Just mark

exactly how you feel.

When you finish, put your pencil down and wait quietly for the rest

of the class to finish.
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13. I don't like to do problems unless I see how to work them right away.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

14. After I read a problem, I like to think about what I know and what

Idonit-know-ln-the problem,

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

15. L would rather do almost anything else than try to solve a math problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

16. When I have a problem that I can't solve right away, I stick with it

until I have it solved.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE



17. I would rather work a iiroblem myself than have someone show me how

to work it.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

18. I am afraid of doing math problemg.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE
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19. Before I work a problem it sometimes helps to write down some of the

things I know about the problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

20. Trying to solve a new kind of math problet is hard for me.

REALLY AGREE
_

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

;
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21. Math prOlems are more like games than hard work.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

22. No matter how hard I try, I have trouble understanding math problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

23. I try to read a problem carefully before I solve it.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

24. Math problems are dumb.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE
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25. Math problems make me feel like I'm lost in a jungle of numbers and

can't find my way out.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

26. There are so many rules to learn in math that I just can't solve

problems very well.

REALLY AGREE

_AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

27. It makes me nervous just to think about having to do a math problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

28. I
don't mInd takIng a chance on making a mistake when I try to

-;olve a problem.

REALLY AGREE

,e,GREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

. 3 9 5
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29. There are just too many steps needed to get the answers to most

math problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

30. I can't make myself think about a problem long enough to solve it.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

31. I have a hard time thinking when I try to work a math problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

32. After I get an answer to a problem, I think it's silly to go back and

check to see if my answer makes sense.

REALLY AGREE

_AGREE
CAN'T DECIDE

DISAGREE

REALLY DISAGREE
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33. I can do math problems about as well as most other students in my class.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

4. Before I work some problems, I like to stop and think about them.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

35. I don't understand why some students think that solving math problems

is fun.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

36. I don't worry about making a mistake when I work a problem, just as

lung as I finish quickly.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

3 9 7



EXPERIMENTAL COPY I

270

YOUR TIRST NAME

TEACHER' S NAME

Girl

Boy

STUDENT SCALE

(Time 2)

1975 - The Regents of the University of Wisconsin System for the Wisconsin

Research and Development Center for Cognitive Learning.

Copyright is claimed only during the period of development, test, and evaluation,

unless authorization is received from the National Institute of Education to

claim copyright on the final materials. For the current copyright'status, contact

either the copyright proprietor or the National Institute of Education.

Published-by the Wisconsin Research and Development Center for Cognitive Learning,

supported in part as a researoh and development center by funds fram the National

Institute of Education, Department of Health, Education, and Welfare. The opinions

expressed herein do not neOessarily reflect the position or policy of the National

Institute of Education and no offloial ndorsement by that agency should be inferred.

Center Contract No. NE-C-00.3-0065

39i



271

PART I

DIRECTIONS: In this part of the booklet are some statements that are not

finished. We want you to finish each statement by telling us,

how you feel about the statement. Here is an example to show

you what to do.

EXAMPLE: The way I feel about doing subtraction problems is

Put an X on the face that tells how you feel about the statement.

Remember, there are no right or wrong answers. You iaay not feel the

same way that other students do, but that is all right. Just mark exactly

how you feel.

When you come to the word STOP, wait for directions before going on.

YOU MAY TURN THE PAGE AND BEGIN.
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1. If we spent more time in school doing math problems, I-would be

2. The way I'feel about solving puzzles is

s.

3. Finding out how to solve a new kind of math problem makes me feel

4. The way I feel about hard math problems is



5. Talking about things we do in math makes me feel

6. The way I feel about long math problems is

7. Thinking about math problems outside of school makes me feel

8. The way I feel about playing games that really make you think is

3

273
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9. Trying to work a new kind of math problem makes me feel

10. The way I feel about tricky math problems is

11. The way I feel about doing math problems is

12. The way I feel about math classs is

STOP. WAIT FOR DIRECTIONS BEFORE GOING ON.
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PART II

In this next part are some statements made by boys and girls like you.

We want you to read the statements and then tell us how you feel about them.

Here.is an example to show you what to do.

EXAMPLE: I like to work most addition problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

Put an X in the blank which tells how you feel about the statement.

If you feel the same way about the statement, put an X by AGREE.

If you really feel the same way, put an X by REALLY AGREE.

If you don't feel the same way, put an X by DISAGREE.

If you really don't feel the same way, put an X by REALLY DISAGREE.

If you are not sure how you feel, put an X by CAN'T DECIDE.

There are no right or wrong answers in this part either. Just mark

exactly how you feel.

When you finish, put your pencil down and wait quietly for the rest

of the class to finish.
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13. I am afraid of doing math problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

14. I don't mind taking a chance on making a mistake when I try to .1

solve a problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

15. I would rather work a problem myself than have someone show me

how to work it.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

16. After I read a problem, I like to think about what I know and

what I don't know in the problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

31
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17---I-have a hard-time thinking_when_I try_to work_a math_problem,

REALLY AGREE

AGREE

CAN'T-DECIDE

DISAGREE,

REALLY'DISAGREE

18. It makes me nervous just to think'about having to do a math problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

19,, I can't make myself think about a problem long enough to solve it.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

20. I don't like to do problems unless I see how to work them right
away.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

313-
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21. When I have 1 problem that I can't solve right away, I stick with it

until 1haVe- tr aolvet.

REALLY AGREE

AGREE'

CAN'T DECIDE

DISAGREE

REALLY. DISAGREE

22. Before I work a problem it sometimes helps to write down some of

the things I know about the problem.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

23, There are so many rules to learn in math that I just can't solve

problems very well.

REALLY AGREE

AGREE

CAN'T°DECIDE

DISAGREE

REALLY DISAGREE

24, Math problems are more like games than hard work.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE



25. Math problems make me feef like I'm'lost in a jungle of numbers

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE
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26. Before I work some problems, I like to stop and think about them.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

27. I don't worry about making a mistake when I work a problem, just
as long as I finish quickly.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

28. Trying to solve a new kind of math problem is hard for me..

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

3



29. Math problems are dumb.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

3 . I can do math problems about as well as most other students in

my class.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

31. I try to read a problem carefully before I solve it.

RtALLY AGREE

A REE

C 'T DECIDE

D IAGREE

LY DISAGREE
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32. After I get an answer to a problem, I think it's Silly to go back

and che k to see-if my answer makes sense.

R LY AGREE

AG E

C T DECIDE

DI AGREE,

LY DISAGREE

31



33. I don't understnd why some students think that solving math

problems is furf.

REALLY AGOE

AGREE \

CAN'T DECIDE\

DISAGREE

REALLY DISAGRE

34. I would rather do 41most anything else than try to solve a math

problem.

-REAhLT_AGR

AGREE

CAN'T DECIDE

DISAGREE

REALLY. DISAGREE
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35. No matter how hard I try, I have trouble understanding math problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

36. There are just too many steps needed to get the answers to most

math problems.

REALLY AGREE

AGREE

CAN'T DECIDE

DISAGREE

REALLY DISAGREE

31
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On this and the following pages are some staeements related to mathematical

problem solving. Read each statement, think about it, and mark the response

which best represents your feelings with regard to the statement. Five

possible responses are listed for each item.

1. I enjoy playing games that involve some intellectual challenge.

always
usually
sometimes
seldom
never

2. A person stiould not mind taking a chance on making a mistake when

solving a mathematics probfem.

really agree
__agree

:can't decide
disagree
really disagree

3. I encourage my students to check their answers to problems to see if

the answers actually make sense.

always
usually
sometimes
seldom

, never

4. I tend to think of thathematics problems as being more like games than

hard work.

always
uaually
sothettmes

seldoth

-111 ver

5. Mathematics problems are something that I enjoy a greaf

really agree
agree
can't decide
disagree
really'disagree

321
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6. I do not particularly enjoy thinking about mathematics problems

outside of school.

really agree
agree
can't decide
disagree
really disagree

7. Mathematics problems, generally, are very interesting.

really agree
agree
can't decide
.disagree
really disagree

8. I like to stress with my students that there are often many different

ways to solve the same problem.

really agree
agree
can't decide
disagree
really disagree

9. With sufficient time I believe I could be.successful at solving most

mathematics problems.

really agree
agree
can't decide
disagree
really disagree

10. I find solving mathematics problems to be dull and boring.

always
usually
sometimes
seldom
never
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11. I do not particularly like doing difficult mathematics problems.

really agree
agree
can't decide
disagree
really disagree

12. Trying to discover the solution to a new type of mathematics problem

is an exciting experience.

always
usually
sometimes
seldom
never

13. I find it difficult to concentrate on mathematics problems for a very

long period of time.

really agree
agree
can't decide
disagree
really disagree

14. I often find myself unable to think clearly when trying to solve

mathematics problems.

really agree
__agree

can't decide
disagree
really disagree

15. Most mathematics problems, other than the simplest types, take too

long to solve.

really agree
agree
can't decide
disagree
really disagree

323



16. I enjoy solving puzzles.

always
usually,
sometimes
seldom
never

17. I have trouble understanding why some students think mathematics

problems are fun.

really agree
agree
can't'decide
disagree
really disagree

18. I enjoy working on a tricky mAthematics problem.

always
usually
sometimes
seldom
never

19. I believe I am as successful at solving mathematics problems as most

other teachers I know. \
always
usually
sometimes
seldom
never

20. I would rather have someone tell me how to solve a difficult problem

than to have to work lt out for myself. .

always
'usually

sometimes
seldom
never



21. One might say that I have a fear of solving mathematics problems.

really agree
agree
can't decide
disagree
really disagree

22. I consider mathematics problems to be a form of drudgery.

always
usually
sometimes
seldom
never

23. I am challenged by mathematics problems that I cannot immedtately
solve.

really agree
agree
can't decide
disagree
really disagree

24. I think students should be encouraged to use the method that suits
them best when solving a problem.

really agree
agree
can't decide
disagree
really disagree

25. Mathematics problems make me feel as though I am lost in a jungle
of numbers and cannot find my way out.

always
usually
sometimes
seldom
never
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26. Regardless of how much effort I put forth, I experience a feeling of

confusion when solving mathematics problems.

always
usually
sometithes

seldom
never

27. I like to encourage my students to adopt a stop-and-think attitude
when solving problems.

always
usually
sometimes
seldom
never

28. The number of rules one must learn in mathematics makes solving
problems difficult.

really agree
agree
can't decide
disagree
really disagree

29. I encourage my students to use trial-and-error procedures when
solving many mathematics problems.

really agree
agree
Can't decide
disagree
really disagree

30. I have difficulty making myself think about a problem long enough
to solve it.

always.

usUally
sometimes
seldom -

never

326



31. I like to emphasize with my students that, in mathematics, some

problems have many answers, and some problems have no answer.

always
' usually

sometimes
seldom
never

1 . It As a waste of time to draw a figure to heip solve a mathematics

problem.

really agree
agree
can't decide
disagree
really disagree

33. Most mathematics problems are frustrating.

really agree
'agree
can't decide
disagree
really disagree

34. Knowing how to compute is about all that is necessary for students

to be able to solve most mathematics problems in elementary school.

really agree
agree
can't decide
disagree
really disagree

35. If I cannot solve a problem right away, I like to stick with it

until I have it solved.

always
, usually.

somer4.mes
seldom
never
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36. The development of computational skills should take precedence over

the development of problem solving skills in the teaching of elementary

school mathematics.

raeg:lele

yagree

can't decide
disagree
really disagree

37. The feeling that I have toward mathematics problems is a pleasant

feeling. \

really agree
agree

--7 can't decide
disagree
really disagree

38. If I cannot solve a problem right away, I tend to give up.

always
usually
someames
seldom
never

39. I makes me nervous to think about having to solve difficult

mathematics problems.

always
usually
sometimes
seldom
never

40. Students who do not see how to solve a problem right away should

bsencouraged to try and think of another prOblem like that one.

really agree
agree
can't decide
disagree
really disagree
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On this and the following pages are some statements related to mathematical

problem solving. Read each statement, think about it, and mark the response

which best represents your feelings with regard to the statement. Five

possible responses are listed for each item.

1. It is a waste of time to draw a figure to help solve a mathematics

problem.

really agree
agree
milt decide
disagree
really disagree

2. I find saving mathematics problems'to be dull and boring.

always
usually
sometimes
seldom
never

3. I enjoy solving puzzles.

always
usually
sometimes
seldom
never

4. I consider mathematics problems to be a form of drudgery.

alwaya
usually
sometimes
seldom
never

5. I am challenged by mathematics problems that I cannot immediately solve.

really agree
agree

'can't decide
disagree
really disagree

330
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. A person should not mind taking a chance on making a-mistake when

solving a mathematics problem.

really agree
agree
can't decide
disagree
really disagree

7. I encourage my students to use trial-and-error procedures when solving'

many mathematfcs problems.

really agree
agree
can't dectle
disagree
really disagree

8. Maihetatics problems are something that I enjoy a great deal.

really agree
agree
can't decide
,disagree
really disagree

9. Most mathematics problems, other than the simplest types, take too

long to solve.

really agree
agree
can't decide
4,pagree
really diSagree

10. I enjoy playing games that involve some intellectual challenge.

always
usually
sometimes
seldom
never
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11. I believe I am as successful at solving mathematics problems as most

other teachers I -know.

always
usually
sometimes
seldom
never

12. I think students should be encouraged to uSe the method that suits them

best when solving a problem.

really agree
agree
can't decide
disagree
really disagree

13. I encourage my students to check their answers to problems to see if

the answers actually make sense.

always
usually
sometimes
seldom
never

14. I tend to think of mathematics problems as being more like games than

hard work.

always
usually
sometimes
seldom
never

15. I often find myself unable to think clearly when trying to solve

mathematics problems.

really agree
agree,
can't decide
disagree
really disagree
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16. I would rather have someone tell me how to solve a difficult problgm

than to have to work it out for myself.

always
usually
sometimes
seldom
never

17. Trying to discover the solution to a new type of mathematics problem

is an exciting experience.

always
usually
sometimes
seldom
never

18. I like to stress with my students that there are often many different
ways to solvi the same problem.

xeally agree
agree
can't decide
disagree
really disagree

19. Mathematics problems make me feel as though I am lost in a jungle of

numbers and cannot find my way out.

always
usually
sometimes
seldom
never

20. Students who do not see how to solve a problem right away should be
encouraged to try and think of another problem like that one.

really agree
agree
can't decide
disagree
really disagree'
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21. I have difficulty making myself think about a problem long enough ,

to_solve it.

always
usually
sometimes
seldom
never

22. I have trouble understanding why some students think mathematics

problems are fun.

really agree
agree
can't decide
disagree
really disagree

23. One might say that I have a fear of solving mathematics problems.

really agree
agree
can't decide
disagree
really disagree

24. I like to emphasize with my students' that, in mathematics, some

problems have many answers, and some problems have no answer.

always
usually
sometimes
seldom
never

25. I find it difficult io concentrate on mathematics problems for a

very long period of time.

really agree
agree
can't decide
disagree
really disagree
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26. If I cannot solve a problem right away, I like to stick with it until,

1-have-tt-solvech
_ _ _

always
usually
sometimes
seldom
never

27. I do not particularly like doing difficult mathematice problems.

really agree
agree
can't -decide

disagree
really disagree

28. Most mathematics problems are frustrating.

really agree
agree
can't decide
disagree
really disagree

29. I enjoy working on a tricky mathematics problem.

alWays
usually
sbmetimes
seldom
never

30. Mathematics problems, generally, are very interesting.

really agree
agree
can't decide
disagree
really disagree
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31. The feeling that I have toward mathematics problems is a pleasant

feelinv.

really agree
agree
can't decide
disagree
really disagree

32. I like to encourage my students to adopt a stop-and-think attitude

when solving problems.

always
usually
sometimes
seldom
never

33. I do not particularly enjoy thinking about mathematics problems

outside of school.

really agree
agree
can't decide
disagree
really disagree

34. Regardless of how much effort I put forth, I experience a feeling of

confusion when solving mathematics problems.

always
usually
sometimes
seldom
never

35. If I cannot solve a problem right away, I tend to give up.

always
usually
soietimes
seldom
never
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36. The nUmber of rules one must learn in mathematics makes solving

problems difficult.
_ -

really agree
agree
can't decide
disagree
really disagree

37. It-makes me nervous _to think about having to solve difficult

mathematics problems;

always
usually
sometimes
seldom
never

38. The development of computational skills should take precedence

over the development of problem solving skills in the teaching

of elementary school mathematics.

really agree
agree
can't decide
disagree
really disagree

39. With sufficient time I believe I could be successful at solving

most mathematics problems.

really agree
agree
carOt decide
disagree
really disagree

40. Knowing how to compu e is about all that is necessary for students

to be able to solve most mathematics problems in elementary school.

really agree
agree
can't decide
disagree
really disagree
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Time 1:
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.20622 .46580 17515 .12987 .46642 .02176 .30930 832250

-24 26 -26 27 28 -29 -30 -31

8822

67428

.832
.94S1S

,

828620 .53751 .62262 .55035 .63461 '815339 .57207 85!063 851835 .90924

33 34 35 8.36

.23475 .20961 .50655 .35063

341
342



urIVER51TY Of NISCO.JSIN
DEPARTMENT OF SOCIOLOGY
ITEM ANA_Ly5ls_PACKAGE

O. wHITAKER
Time ITEm ANALYSIS FOR SCORE 3: PART 1 PLUS PART 2

CWORearHS AL.Pma .8292

STANDARD ERROR cF +EASUREMENT

TO TOTAL CORRELATIONS

1

.6CAC93

11

.5.6466

2!
.47801

+31

CURCIO!' CO3REcTCP

.S-6554

11

.51715

21

41775

3 i ,1)

2 3 4 5 6 7 0) 9 10

.60375 .34032 .64016 .61491 .437G1 .42228 .49798 .49144 .51563

12 +13 14 +15 16 17 +18 19 +20

.25107 .31705- .30375 .50376 .28118 .26199 ..43876 .19519 05469

-22 23 -24 -25 -26 -27' 28 +29' -30
.50430 .33089 .60085 .61853 .55147 .60883 +.07934 .56154 .49473

+32 33 34 +35 +36
.40790 .31632 .29507 52238 .36926

ITEP, TO TOTAL CORRELATInNS

3 4 5 ' 8 9 10

.56246 .28970 .60859 .564-47 .38786 .37111 .44766 .44646 .474136

12 +13 14 +15 16 17 +18 19 +20.

.20726 .25379 .25554 .44590' .2151 19182 .39514 .13869 2/831

28 +29 +30+22 f) ,r-i.4 -25 -+26 +27

.45308 .28829 .55679 .57879 .50643 .56774 +.14389 .51792 01447,

+32 33 34 .35 .36

.34845 2g841 .24455 .46739 .30923



uNI.EHSITY OF wISCONSIN
DEPARTHENT OF SOCIOLOGY
ITEM ANALYSIS PACKAGE

0 WHITAKER o.. TEACHER ATTITUDES
Time 1: ITEM ANALYSIS FoR'SCORE TEACHER ATTITUDE

A CONSTANT oF 120 HAS BEEN ADDEO TO THIS SCORE

CRONSAi.HS ALPHA .7985

STANDARD ERROR oF REASUREmENT a 4.255

ITE" To TOTAL CORRELATIONS

-21 22
.51145-- 36748

31

.47949

CuNETON CORRECTED ITER TO TOTAL CORRELATIONS.

18

.26155

-11 12 -13 -14 -15 16 -17 is

34173 .25569 .16737 .42666 .17299 .32727 13703 64314

2 3 5 7 8

17901 06645 42720 .C2457 .47246 .49972 30216 .45550

23 24 .25 .26 27 -28

.42769 .19459 .76690 .51115--- -.37370 .18695

.32 -33 -34 35 37 -38

.04674 .40226 .15401 .48939 011525 .09064 .56531

1 2 3 q _ 5 ..6

.11072 _...02578 .36972 .07829 .40261 .43914 ..._.25376

-II 12 -13 -14 -IS
,16

I7

.24951 .18601 .10188 .38527 .12676 .24804- ---.-08968. -.60485-

-21 '22 23' 214 ..2,5 .26 .0 27 ..28

.46680 32167 38612 13268 .7489,0 .46939 .31186 .12296

31 -32 -33 .34 35 \ -36 37- -313

.39541 ...01251 .37091 .07746 014744 \ ,30689 -.00732 .53253
\ .?

__

9

.45343 44945

19
.66262

-20 '

.40199

29 -30
.08632

-39 40

.63869 ..0742,

-10

.38416 40623

9
-20

--..-41091 .-5c-fFS-

29 -30

.01337 40530

39 d10

.59272 -13225 0
4P.

345 346



uNIVERSITy of WISCONSIN
CEPARTYE%7 V. SOCIOLOGY
ITEM ANALYSIS PACKAGE

D. 4m1TAKER
Time 2: TTEP ANALYSTS FoR SCORE 1: PART 1

A CONSTAi.-1OF 0 mAs 8Ef- ADDEDfi

CRONSACHS ALPMA 8664

STANDARD EReOR of MEASUREMENT 3.267

ITEM To TOTAL cORiELATIGhS

1

.72930

11 .

.71938

CURETON CORRECTED

64827

11

.65591

31'1

2 3 4 5 6 7 9

sro3.e5>141744140.4.

.54071 .74225 .59318 .697 0 .57021 .45171 .72142

12
69962

ITEM TO TOTAL CORRELATIONS

2 3 4 7 8 9

.25728 .45504 .67115 .50745 .61860 .46219 37290 .65997

12

, 62097

"/

10
.73119

10

.66150

3 3



OF-.-11SCONSIN
DEPARTMENT OF SOCIOLOGY
ITEM ANALYSIS PACKAGE

D. .NITAKER

Time 2:_
ITEm AP.ALYSIS FOR SCORE 2: PART

A CO"S'rANT O 0 HAS BEEN AO0E-0 TO THIS SCORE

.2

CRON3ACHS ALPHA .8523

STA;4OARD ERROR oF fit4SuREMENT 5.381

IfEm To T6TA-L-CORREL-A-T-IEN5.

-13 14 .
IS 16 .17 -18 .19 -20 21 22

.53759 .02920 .26077 .32230 - .60771 .65121 .61909 .39972 .36353 .15916

-23 24
62663- .56814

-25_
.66215

.27
.95663

-28
.s1218-

-29
.66218--

30
-;39929

31
;436-06--

-32

-33 .39 -35 .36

.59889 .68098 68510 67228

CuRETOr CORRECTED ITEm TO TOTAL CORRELATIONS

-13 14 15 16 -17 -18 -19

.y969__-.07169.16242 ._25061___ 54971 .____ -.60300 .56294_ _

-23 24

.57158 .99816

-25 26 .27 28 .29

.60990 .0905y .39079 .99981 '.61213

-33 -34 -35 .36

53336 .63137 69269 .62526

319-

-20 21 22

.302b1 .27786 .07992

30 31 -32

.32041 38532 .39978

350



Time 2: ITEM

U7:IYERSITT of wISCONSIN
DEPARTMENT OF SOCIOLOGY
ITEM ANALYSIS PACKAGE

0. Wm1TAKER
A"ALYSIS FOR SCORE 3: PART 1 PLUS PART 2

a CONSTANT OF NAs 8W4 ADDED TO THIS SCORE

CR34SACHS ALPHA .90:13

STA4D4RD ERROR OF mEASUREMENT s 6.432

ITEM TO TOTAL CORRELATIONS

2 3

.629133 .27665

11

.65757

21
.37408

12

.63731

0S1907 .63510

"'13 14
.5230f .00960

-23 24
57741 59597

31 -33 _-34.._
.41131 42256 .54266 .6656y

CRETON CORRECTED

1

ITEm TO TOTAL CORPELATIVIS

42 3

58826 23400 47808 .59667

11 12 -13 19

.. _
-.-49511---.62707 .60087 ;,054711

21 22 -23 24

.31802 .09907 .53664 .55211

31 -32 -33 -34

37460 .37045 .4,459 .65294

5 6 7 8 10
.99624 .54939 47242 .36836 41476 .608%3

15 16 .18 19 -2C
.30183 .32177 .54149 61429- .56550 .33211

-25 26. 27 .28 . .29 30
.63075 13996 .39959 .48922 64752 .35920

-35 .36
61948 .63670'

.95606 .52741 42324 .33313 .58166 5491112.

15 < 14 -17 -18 -19 -20

.2380.-- .27424- 019776 -57881-- .52773-- --.24.011-

-25 26 .27 .28 -29 30

.59240 .08883 35327 996131 41202 30531

-35 -34

.sesla .40I7R





9

.309

SCAT 1.13
HORIZONTAL: Student Comprehension Scores

VERTICAL: Teacher Problem Solving Attitude Scores

12.n 13,5 15o0 16,5 18.0 19.5

1

132.

. 12..a. _ _ 15.0 ._14A;5

iS POINTS ARE INCLUDEO IN THE SCALED PLOT
CORRELATION R o590, 1(13) Zo63, SIG. rRoB 021,

MFAN STD. nEv.
.1-15./.33 14.3/1

V 148,87 9,31

REGRESSION LINE S.E. RIG.

V 222.16356 4.0231310H 7,843



310

SCAT 11.15
HORIZONTAL: Student Application Scores

VERTICAL1 Teacher Problem Solving Attitude Scores

6.75

190.

842; 9.75 11.26 12.75 14.25

1

1
1

1

172. +

V 41

1

164. +.
1

1

156. 4.

- I

148. 4.
V

4.

1

1

140. 4.

1

1

1

1

132. 4.

8.25 _ 9.75 11.2B 12.75 19.25

jc PciNTr, ARE INCLUnED IN ThE SCALED PLOT
CN;RELATION'P = .5491 T113) = 2.37, S/G. PROB. .034

PEAN 510. DEV.
H .1CL19a_ 1.9/13
V 158.87 9.357

REGkESSION-L1NE S.E. REG.

V. 186.24061 2.64653.11 8.117

355



311

SC AT I 1,1 7
HOP IICNTAL:

VERT I CAL :

14

180.

4.

Student Problem So, lying Scores
Teacher Problem Solving Attitude Scores

7. 3, 4, 54,

,

6,1

1

172.
1

V. *

1

164o

1

M. PI

I56.
1

V

1414, 4.

1

140o

132. 4.

2. . 38 5, 6.

1R.ROINTI: ARE r;CLI)DEO IN TFIF SCALEO'RLOT
CORRELATION F4 **471, TI13/ v s1o92, SIG. PRO8, C177

MEAN
H 3.497!,
V ISR.87

STD. DEVo
1.11.6
9,3!.7

REGPESsION LINE S.C. REG.

Vs 172,19(118 3,80944PH 8.547

r
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