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ABSTRACT

MATHEMATICAL UNDERSTANDINGS AND
MISCONCEPTIONS OF PROSPECTIVE
ELEMENTARY SCHOOL TEACHERS
By

Milton Philip Eisner

Mathematics 201, the one required mathematics content
course for prospective elementary school teachers at Michigan
State University, has been presented during most quarters
over the last few years in a format consisting of three one-
hour lectures and a two-hour laboratory period each week.
This study was conducted at Michigan State in the winter
quarter of 1974. 1Its purpose was to collect data which
would suggest answers to the following two questions:

(1) How do prospective elementary school teachers think
about the mathematical concepts taught them in Mathe~
matics 201?

(2) How may instruction in this course, as it is offered
at Michigan State University, be improved?

A sample of fifteen female students, chosen at random
from volunteers, was interviewed every two weeks as they were
progressing through Mathematics 20l1. (There were indications
that the sample was mathematically superior to the class as a

whole.) The interviews consisted of conversation about the

m . -~
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Milton Philip Eisner

course and problems which the subject was asked to solve
aloud. The mathematical topics covered by the problems
included sets, number bases, prime numbers, factors and
multiples, rational numbers, decimals, and measurement; there
were also three verbal problems loosely based on the course
material. A profile of each subject was written, describing
her feelings and her responses to the problems as she
progressed through the course.

Significant findings included the following:

There was a widespread tendency among the subjects to
confuse the ideas of matching (equivalence) and equality of
sets. There also was a tendency to misuse the language of
sets.

The subjects were generally proficient in converting
a number expressed in a nondecimal base to base ten, and in
recognizing the base of a worked-out example (though they
found the latter easier in addition than in subtraction).
They had some difficulty in translating a base ten numeral
to a nondecimal base, particularly base two.

The subjects displayed a generally good understanding
of the meaning of prime number. In testing numbers for
primeness, there were tendencies either to try only a few
numbers as possible divisors or to use inspection rationales.
Few subjects knew that one need test only primes as divisors.

The subjects tended to take a mechanical, algorithmic

approach when finding a least common multiple and greatest
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Milton Philip Eisner

common factor; this suggests that they were unaware of the
self-explanatory nature of the names of these concepts.

Subjects were quite proficient at finding a rational
number between 1/3 and 1/4, and used various methods of doing
so. They were generally able to find the decimal name for a
fraction. In finding the fraction name for a repeating
decimal, subjects generally knew the procedure but tended to
make arithmetic errors.

A number of subjects had difficulty with the idea of
square root, either drawing a blank when asked about it or
thinking of square roots only in the context of the
Pythagorean theorem.

Several subjects displayed the misconception that
the area of a figure remains constant if its boundary is
deformed.

Finally, the subjects as a group were deficient in
their ability to read and understand verbal problems. In
particular, they did not understand the relationship linking
distance, rate, and time.

The study subjects tended to fall into four cate-
gories: (1) those deficient in arithmetic skills, who found
themselves having to remedy these skills during the quarter,
forcing them to neglect the course content to some extent;
(2) those who had studied much mathematics earlier in their
careers (usually four years in high school), and were bored

by the course; (3) those who, though competent in arithmetic,

- .
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Milton Philip Eisner

bore a great hostility toward mathematics--the course did
nothing to assuage this hostility and possibly even ex-
acerbated it; and (4) the remainder of the class, made up
mostly of students who had taken about three years of high
school mathematics, earning average to above-average grades,
and bearing a neutral or slightly positive attitude toward
the subject, for whom the course functioned fairly well,
frequently improving understanding and attitude. The
investigator recommended that students in group (1) be
excluded from the course until they have remedied their
arithmetic deficiencies, that those in group (2) be offered
an honors section which would hold their interest, and that
the effects of alternative presentations of the course on
group (3) be tested in further research.

Other recommendations made for improvement in the
course included the incorporation of measurement and
problem-solving into the subject matter of the course,
rescheduling the two-hour laboratory session as two one-hour
sessions, assigning only persons interested in the laboratory
mode of instruction to teach laboratory sections, and

various points of pedagogy.
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CHAPTER 1

INTRODUCTION

The problem of the mathematical training of
elementary school teachers has attracted much attention
from the mathematics education community in recent years.
This attention is well justified because the influence of
an elementary school teacher on her pupils' understanding
of arithmetic and on their attitude toward mathematics is
great.

Many studies have been conducted to determine which
mathematical topics are found difficult by pre-service and
in-service elementary teachers. These studies will be
summarized in Chapter 2. While these studies identified
topics which elementary teachers do not understand, they
were all based on test forms and therefore failed to
describe how such teachers think about the various mathe-
matical topics which they study.

Another factor motivating the present study was
dissatisfaction among the mathematics education staff at
Michigan State University with the required mathematics
content course for prospective elementary school teachers.
The situation involving this course will be described at

the beginning of Chapter 4.
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Thus the study reported in this dissertation was
designed to provide answers to the following questions:

(1) How do prospective elementary school teachers
think about the mathematical concepts taught them in their
required college mathematics course?

(2) How do students react to the various features
of the presentation of this course, and how might this
presentation be improved?

It was decided that the information needed to
answer both questions could best be obtained from inter-
views with the prospective teachers themselves. (Literature
on the use of the interview in research will be summarized
in Chapter 3.) A sample of fifteen students was chosen
in the winter of 1974 and interviewed every two weeks as
they took their required mathematics course, Mathematics
201. The interviews consisted of conversation about the
course and problems which the subjects were asked to solve
aloud. In this manner data were obtained which provided
some answers to both of the above questions.

The format for the report of this study is as
follows: Chapter 2 will summarize the literature on the
mathematical understandings of elementary school teachers.
Chapter 3 will review the literature on the use of the
interview in research. Chapter 4 contains the report of
the present study; it consists of a general description of
the situation leading to the investigation, a case study

of each subject (describing in detail her reported thoughts



about the course and her attempts at problem solving), and
finally a summary of how the subjects as a group performed
on the problems presented to them. Chapter 5 contains an
evaluation of the effects of the course on each subject, a
discussion of each mathematical topic in the course with
inferences drawn regarding the subjects' understanding of
that topic, recommendations for the improvement of Math 201,
an evaluation of the method of the study, and suggestions

for further research.
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CHAPTER 2
REVIEW OF THE LITERATURE:

MATHEMATICAL UNDERSTANDINGS OF PROSPECTIVE
ELEMENTARY SCHOOL TEACHERS

In this chapter, the literature on the mathematical
understandings of prospective elementary school teachers
will be reviewed. Published studies will be summarized
first, followed by dissertations. This listing will not
include studies whose primary focus was the evaluation of
methods of teaching mathematics to prospective elementary
school teachers (e.g.: Fuson, 1972; Schultz, 1972) unless
in the report of such a study the investigator mentioned
specific mathematical topics or skills which elementary
education majors found easy or difficult. Literature on
the interview technique in research, its advantages and
disadvantages, and its use in mathematics education research

will be summarized in the following chapter.

Published Studies

According to Glennon (1949), the only study on the
mathematical competencies of prospective elementary school
teachers to appear before his own was one by Taylor (1938)
which appeared in School Science and Mathematics some

eleven years earlier. Taylor reported "some results from
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a test of meanings in arithmetic given to freshmen at
Eastern Illinois State Teachers College [now Eastern
Illinois University]." Presumably all those taking the
test were prospective elementary school teachers. Listing
percentages of students who missed some of the items on the
test, Taylor concentrates on arithmetic with fractions and
denominate numbers. Lamenting the decline in mathematics
requirements which occurred during the Thirties, he
recommends that prospective elementary teachers be required
to take "not less than eight semester hours" of courses in
the conceptual bases of arithmetic. These would be college-
level, non-remedial, non-methods courses, giving "a new
view, a teacher's view" of arithmetic.

Glennon's (1949) own study covered freshmen and
seniors at three teachers' colleges as well as in-service
teachers. Concentrating on the concepts underlying
computations, Glennon describes the dismal state of
teachers' understanding at that time. While he does not
discuss specific mathematical topics, the few examples he
gives of the 80 "understandings" measured by his test
indicate that they dealt entirely with numeration and
computation. This, of course, was appropriate to the
curriculum at that time. The significance of Glennon's
study is historical; it was one of the first calls for an
emphasis on understanding in the teaching of mathematics.

A few years later the curriculum reform movement of the

late Fifties and Sixties commenced with this goal in mind.
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A study similar to Glennon's was reported four years
later by Orleans and Wandt (1953). They surveyed in-service
teachers during university summer sessions in 1951. After
failing with a free-answer test form given to New York City
undergraduate education majors, the investigators gave the
in-service teachers a multiple-choice test form. Again
reflecting the curriculum of that time, the focus of their
test was on understanding the concepts which underlie the
standard algorithms of arithmetic. They report the
frequencies of response on different choices among the
groups surveyed for three of their eighteen test items.
Teachers of grades 1-3 had a mean score of 8.3 correct,
while teachers of grades 4-6 had a mean score of 9.5
correct. The authors of this study added their voices to
the cry for a curriculum which would emphasize understanding
of arithmetic as a way of breaking out of the cycle of
learning and then teaching arithmetic by rote.

Phillips (1953) administered the Schorling-Clark
Hundred Problem Arithmetic Test along with algebra and
geometry tests to students entering an Arithmetic for
Teachers course at the University of Illinois. She remarks
that their course background gave "little indication" of
their competence at that time. Her other conclusions are:

4. Lack of achievement in mechanical mastery starts

with the topic of fractions and continues with decimal
fractions and percent. It is interesting to note that
there is a greater negative reaction to arithmetic
starting in the intermediate grades.

5. Problem solving achievement involving measure-
ment, fractions, and percent is very low.

-
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6. There is a higher competence in Algebra than in
Geometry. The reaction to the two subjects favors the
former.

7. Achievement in the meaning and understanding of
arithmetic is extremely low.

Weaver (1956) reported a study in which he
administered Glennon's (1949) test to students in Methods
of Teaching Arithmetic during four different semesters.

The scores were "in quite close agreement" with the findings
of Glennon. Weaver reports further that significant
improvements in understanding occurred for one of his

groups after it was given a course "organized around the
nature of number and our number system and around the

nature of the fundamental processes and operations in
relation to integers, common fractions, and decimal frac-
tions."

Buswell (1959) gave prospective elementary teachers
an arithmetic test that previously had been given to eleven-
year-old pupils in England and California. He found that
34 percent of the prospective teachers scored below the
top third of the English pupils, and 10 percent below the
mean of the California pupils. Noting that the prospective
teachers had indicated their intelligence elsewhere, he
recommended the wider use of "substantial and scholarly
courses in arithmetic."

Bean (1959) administered Glennon's test to 450
in-service teachers in Utah. He concluded that teachers
were generally competent in understanding "the decimal

system of notation and the operations of integers." On the
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other areas of the test--fractions, decimals, and the
rationale of computation--there was a substantial differ-
ence between the scores of teachers of the primary grades
and those of teachers of the intermediate grades, with a
"progressive increase in mean score in Grades 4 to 6."
Regarding understanding of arithmetic algorithms, Bean says
"the results seem to point up conclusions of other
researchers who have noted an emphasis on rote memorization
and mechanical processes." He recommended a required
college-level course for all elementary school teachers "to
develop a working understanding of number systems."

Wozencraft (1960) reported the results of her
administration of the Schorling, Clark, and Potter "Hundred-
Problem Arithmetic Test" to 78 students enrolled in an
elementary methods course. The median score was "just
about equal to the estimated median raw score of the
seventh graders!" This study also focused on arithmetic
skills.

Fulkerson (1960) gave a 40-item arithmetic test to
158 prospective elementary school teachers at Southern
Illinois University. He noted that performance was
particularly poor on verbal problems and percent problems.
In general, he found the prospective teachers' performance
on the test rather poor, although those with some teaching
experience and those with some mathematics course

experience did better than the others.
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The studies discussed above were summarized and
evaluated by Sparks (1961).

Nelson and Worth (1961) administered Phillips'
and Glennon's tests to elementary education majors in
Alberta, Illinois, and Massachusetts. The findings among
the American students were comparable to those found by
Glennon (1949), Weaver (1956), and Phillips (1959).

Dutton (1961) published a study which dealt with
prospective teachers' understanding of arithmetical con-
cepts rather than with skills. His instrument was the
University of California Arithmetic Comprehension Test for
sixth grade; it was given at the beginning and at the end
of a one-semester mathematics course for prospective
elementary teachers. By item analysis, Dutton identified
those concepts which were of greatest difficulty. The six
items which "continued to cause serious difficulty" at the
end of the course were

. « « (1) what does a remainder mean in long division?
(2) placement of quotient figures in long division;
(3) placement of the decimal point in addition; (4)
placement of the decimal point in multiplication of
decimals; (5) meaning of gross and ream; (6)
regrouping with denominate numerals.
Topics which caused considerable difficulty at the beginning
of the course but not at the end included identification of
partial product, multiplication terms (no explanation of

this rubric is provided), using standard time zones, moving
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the decimal point in division, drawing a picture of 3 +

1 1/2, reading a fractional part of a rectangle, drawing a
picture of 2 1/2 + 1/2, and using volume. Dutton feels that
his data refute the contention of Orleans and Wandt (1953)
that teachers have a generally poor understanding of
arithmetic. He notes that "there are many basic arith-
metical concepts which are understood by prospective
teachers." He recommends an individualized "systematic
approach to eradicate student misunderstandings of
arithmetical concepts."

Corle (1963) gave a variety of tasks involving
estimation of physical measurements to in-service teachers.
He found that their average error of estimation on these
tasks was 61.1 percent.

Creswell (1964) administered the Metropolitan
Achievement Test (covering computation, concepts of elemen-
tary mathematics, and problem solving) to 313 graduating
Georgia elementary education majors. He found that 81.6
percent of the sample scored at the ninth-grade level or
above in computation, and 90 percent at this level in
concepts and problem-solving. This compared favorably with
the earlier studies by Weaver (1956) and Orleans and Wandt
(1953) . Creswell attributed this to increased emphasis on
mathematics in the preparation of elementary school teachers
since that time.

Harper (1964) constructed an instrument to measure

understanding of the basic concepts and symbols of
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11

arithmetic and administered it to 396 in-service teachers.
The results caused him to recommend "training in basic
mathematics" for elementary school teachers. He recommends
at least six hours of training, since those teachers with
this much training outperformed those with less on every
comparison. He also remarks (note the date) that "most
teachers could profit from a course in 'modern mathe-
matics.'"

Dutton (1965) found that prospective elementary
school teachers beginning a methods course had a poor
understanding of the following concepts: "understanding
of partial products in multiplication; meaning of remainders
in division; reason for proper placement of quotient
figures in division; rationalization of division of frac-
tions; meaning of common measures such as ream, gross, ton,
regrouping with denominate numbers; and understanding of
the proper placement of the decimal point in work dealing
with decimal fractions." However, he found, contrary to
the findings of Glennon (1949) and Orleans and Wandt (1953),
that about 50 percent of the students understood the con-
cepts "place value, using partial products, placement of
quotient figures, using decimals, and working with fractions."
Dutton says he was able to remove most students' deficien-
cies by remedial instruction in his methods class.

Melson (1965) reported a study in which a test of
33 items in "modern elementary mathematics" was

administered to 41 beginning elementary teachers. The
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median score was 36 percent correct. The topics on which
the teachers made the poorest showing were set theory and
number bases, although performance was generally poor
throughout. The author concludes that the teachers were
"not adequately trained" to teach modern elementary school
mathematics, and that since they all supposedly had been
exposed to this mathematics in college, the colleges were
at fault for being too lax in their standards both for
course content and for grading the students.

In an answer to this study, Smith (1967) gave
Melson's test as a pretest and as a posttest in an arith-
metic methods course for prospective teachers. While the
pretest data were similar to Melson's, the posttest
revealed a substantial improvement in understanding of
concepts at the end of the methods course. Smith uses this
data to rebut Melson's charges of inadequacy in elementary
teachers' college preparation.

Kenney (1965) administered an instrument to in-
service elementary school teachers in California. He found
them to be strongest in understanding of the place-value
system of numeration, and weakest in percent and operations
on whole numbers. Other topics examined were common
fractions, decimal fractions, and measurement, graphs, and
scales. The median score for all groups was 29.7 out of
50 correct. Kenney used a nonstandardized instrument in
this study; a study of his instrument leads this writer to

doubt its value somewhat. Several items were of the
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multiple-choice select-the-best-answer type, with more than
one valid choice. The author himself admits that some
errors made were due "to inability to understand the
language or vocabulary used in the test," and that "the
extent to which [this] interfered with [the] primary pur-
pose is not known."

Skypek (1965) examined the mathematical background
of junior and senior women at a liberal arts college in
order to compare education majors with other students.

She found that both elementary and secondary education
major groups had mathematics Scholastic Aptitude Test mean
scores below the non-education sample. Both groups also
were significantly lower on the college's mathematics
entrance examination and in performance in the college's
required mathematics course. Skypek concluded that
"teacher education (elementary and secondary) majors are
less competent mathematically than other student members
of the junior and senior classes."

In evaluating a course for prospective elementary
teachers, Todd (1966) was disappointed to discover that,
although the course had improved the students' under-
standing, the test scores were about the same as those
Glennon (1949) had obtained fifteen years earlier.

Weaver (1966a,b) administered to in-service
elementary school teachers an instrument designed to test
their recognition of examples and nonexamples of a polygon,

quadrilateral, rectangle, simple closed curve, square, and
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triangle. While unsure of the representativeness of his
sample, he reports that nearly always the scores of
kindergarten teachers were lowest, primary (grades 1-3)
teachers intermediate, and intermediate (grades 4-6)
teachers, who were mathematics specialists, highest.
Without drawing any statistical inferences, he merely notes
that some teachers have a poor understanding of "rather
simple aspects of nonmetric geometry," and that this should
be borne in mind when curricula are planned.

Creswell (1967) administered a test of modern
mathematics to in-service teachers who had participated
in workshops in which they had studied these concepts. On
a 120-item test, their mean score was 56.31, compared to a
mean score of 65.25 for sixth-graders who took the same
test. However, prospective elementary teachers who had
taken two courses in modern mathematics attained a mean
score of 93.9. Creswell concluded that the college course
is superior to the in-service workshop as a device for
teaching modern mathematics to teachers.

Kipps (1968) reported a study in which the subject
matter areas important to elementary education were
identified and a 42-item test developed and administered to
in-service elementary teachers. 1In the area of numbers,
numeration, and sets, teachers had the most trouble with
the concepts of least common multiple, exponential notation,
set relations, and modular arithmetic. They did well on

basic operations but had some trouble with the topics of
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equivalent fractions and percent equivalents. In the area
of algebra and logic two-thirds of the teachers could not
give the coordinates of points on a grid and many had
trouble with truth values of mathematical sentences; the
author suggests symbolic logic be taught to teachers. 1In
the area of geometry, measurement, and graphs, teachers'
scores were "considerably lower than on the other three
parts." Teachers had trouble finding areas of geometric
figures both by formula and on graph paper.

Reys (1968a,b) conducted a study in which he
attempted to ascertain both the extent of prospective
teachers' mathematical competencies and the specific areas
in which they were weakest. The test instrument used was

the Contemporary Mathematics Test, Algebra Level, Forms W

and X. The two forms were used as pretest and posttest,
respectively, in three classes--a required undergraduate
mathematics content course, a required undergraduate
arithmetic methods course, and a graduate level methods
course. All classes had significant score gains as a
result of the course. Even so, "the post-test means for
the mathematics content and undergraduate methods courses
were significantly below the means of the eighth and ninth
grade pupils completing a first year algebra course." The
topics which were most troublesome for the subjects of this
study were "the real number system, mathematical statements,

and functions and graphs." Reys concluded that "the
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mathematics scholarship of a large percentage of elementary
education majors is unsatisfactory."

Moody and Wheatley (1969) ran a study at the
University of Delaware which tested elementary education
majors' ability to comprehend an article in The Arithmetic
Teacher about a nondecimal numeration system (Brumfiel,
1967) . Using a multiple choice questionnaire and a t-test,
they found no significant differences between the mean
scores of elementary education majors who had completed
the first of three required mathematics courses and those
of comparison groups. They recommend that such majors be
given greater exposure to the professional literature.

Gibney et al. (1970) devised a 65-item test of
"mathematical understandings in seven areas: (1) geometry,
(2) number theory, (3) numeration systems, (4) fractional
numbers, (5) structural properties for the set of whole
numbers, (6) sets, and (7) the four basic operations on the
set of whole numbers." The purpose of the test was to try
to detect a difference in the degree of understanding of
the topics between pre-service and in-service elementary
teachers. Some significant differences appeared on t-tests;
these were in favor of the pre-service teachers. However,
this study did not attempt to find out how well the subjects
knew the material, only which of the two groups knew more.
The aim of the researchers was to demonstrate the desir-
ability of different mathematics courses for pre-service

and in-service teachers.
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In an analysis of this article, Reys (1972) gives
many criticisms of this study, including shortcomings of
method and lack of pertinent information. Among the
former are the possible nonrepresentativeness of the sample
and lack of data about the quality of the test instrument.
The latter include sampling and procedural details not
mentioned by the authors. These criticisms cast some doubt

on the study's conclusions.

Dissertations

The earliest dissertation on this topic that the author
was able to find was that of O'Donnell (1958). In contrast
to most of the other studies in this area, he found that
college seniors who were majoring in elementary education
had a mean score in arithmetic achievement beyond the
twelfth-grade level. He found that the greatest proficiency
was in isolated computations, with more difficulty in
problems requiring reading and interpretation.

E. C. Carroll (1961) developed an instrument, the
Mathematical Understanding Inventory, to test the mathe-
matical competence of prospective elementary school
teachers. She found that the students tested possessed
"a few more than half" of the understandings necessary for
elementary school teachers. Topics on which students were
particularly weak were fractions, decimals, percent, and

mensuration.
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Jones (1963) ran a study to determine which
mathematical concepts are least understood by elementary
education majors. Unfortunately his conclusions are not
presented in his abstract.

E. M. Carroll (1965) studied the mathematical
competence of prospective elementary school teachers who
were seniors at Negro private colleges. Their median scores
on several mathematical topics were found to be at sixth to
eighth grade norms.

Trine (1965) gave thirty-six elementary education
majors a test designed to determine if they could recog-
nize the commutative, closure, and identity properties in
nine unfamiliar mathematical systems. He found that
prospective teachers of kindergarten through second grade
were less able to recognize these properties than the
others. The identity property was found to be the most
difficult of the three to identify.

Williams (1966) developed a test instrument and
then determined a criterion score of mathematical compet-
ence based on the performance of sixth-grade students on
the instrument. He administered this instrument to
teachers of grades four, five, and six, principals, and
supervisors. All groups except supervisors were below the
criterion score. Those with negative attitudes toward
"the new emphasis upon mathematics" tended to score lower.
In-service training did not appear to make a difference in

scores.
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Callahan (1967) developed an instrument of
"Mathematical Knowledge" and administered it to prospective
elementary school teachers who were freshmen, those who
were seniors, and in-service teachers. He found significant
declines in performance both from freshman to senior level
and from senior to in-service level.

Griffin (1967) administered a test of mathematical
understanding to in-service elementary teachers throughout
North Carolina. He concluded that the teachers understood
fewer than half the topics covered by the test and only
one-third of those questions pertaining to "modern
mathematics." He also concluded that teachers' understand-
ing of topics was in the following descending order: place
value, number bases, fractions, measurement, number
postulates, "modern mathematics," geometry, percent, and
sets.

Reys (1967) administered the Contemporary
Mathemat%cs Tests, Algebra and Upper Elementary Level, to
prospective elementary school teachers both before and
after their college content and methods courses. Although
there were noticeable gains from pretest to posttest, the
posttest scores still compared poorly to norms for ninth-
grade pupils.

Withnell (1967), in the course of comparing the
mathematical understandings of prospective elementary
school teachers with respect to the number of courses they

were required to take, found their understanding low
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regardless of the amount of preparation. He concluded that
"prospective elementary teachers are not being satis-
factorily prepared by a three, six, or nine semester hour
mathematics requirement."

Garnett (1969) did a study which was inspired by
the CUPM Level I recommendations. She constructed a test
of mathematical understandings based on these recommenda-
tions, and used it as an instrument to test the effects of
number of high-school mathematics courses and number of
college mathematics courses upon elementary education
major's understanding of mathematics. After accepting the
null hypothesis regarding interaction between high school
preparation and college preparation, Garnett's data
suggested that each succeeding level of high school
preparation led to greater understanding and that three
college courses led to greater understanding than one or
two. However, since the test was given to all subjects at
the same time, the time lapse since completion of the last
mathematics course could be a confounding variable in this
study.

Backman (1970) tested 65 teachers of grades K-8 on
their knowledge of geometry. Their mean score on his
instrument was 46 percent.

Bailey (1970) tested elementary education majors
in Oregon on their knowledge of geometric concepts
appearing in elementary school textbooks. He found that

70 percent of the subjects scored 70 percent or less on his
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criterion test. He concluded that these students' prepara-
tion programs in geometry were inadequate.

Three 1970 dissertations used Callahan's Test of
Professional and Mathematical Knowledge. Koeckeritz found
no significant differences in scores on this test between
in-service teachers, college seniors, college freshmen,
and high school sophomores. He concluded that mathematics
training programs for elementary teachers are ineffective.
On the other hand, Hilton, in determining the increase in
mathematics knowledge of prospective elementary school
teachers in a methods course, observed that they "possessed
greater mathematical knowledge" than students involved in
previously reported studies. Greabell also reported that
his subjects scored higher than the normative group for
this test after taking some kind of mathematics content
course.

Haggard (1971) tested Kentucky elementary education
majors on various arithmetic concepts, but does not pre-
sent his findings in his abstract.

Keith (1971) developed a geometry test based on the
geometry recommendations for elementary school teachers
issued by CUPM, SMSG, and the CEEB Commission on Mathe-
matics. She found that in-service elementary teachers
have a better knowledge of the geometry pupils are expected
to learn that of that recommended by these groups. She
also reports that "in general, Virginia elementary teachers

are weakest in their understanding of the following
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geometric topics: (1) Points, lines, and planes;

(2) Angles; (3) Polygons; (4) Polyhedrons; (5) Meausrement;
(6) Similarity; (7) Congruency; (8) Parallelism;

(9) Perpendicularity; and (10) Pythagorean theorem." (One
wonders which topics were their strong points.) Also,

"the following variables correlated significantly with the
geometry test scores: age (negative), male, female
(negative), college training in mathematics, high school
training in mathematics, training in geometry, years of
teaching experience (negative), and grade taught." She
concluded that "the Virginia elementary teachers' knowledge
of geometry is somewhat deficient in some areas."

Ames (1972), in observing elementary education
majors progress through a mathematics methods course,
observed that the most difficult topics for them were
numbers and numeration, operations, properties of operations,
and geometry. The least difficult topics were sets and
mathematical sentences.

Banning (1972) developed a geometry test and
administered it to elementary education majors at Montana
State University. She concluded that many of them were
insufficiently prepared in geometry to teach it in elemen-

tary school.

Summar
If any general pattern emerges from the literature

surveyed above, it is that prospective elementary school

:
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teachers are deficient in their understanding of the more
complex ideas of arithmetic, such as fractions, decimals,
and percent, and in their understanding of geometry.
Evidence is mixed on such student's mastery of simpler
topics such as sets and operations on whole numbers.
Studies such as those reported above generally use
an instrument (either standardized or developed by the
researcher) to determine which topics students do and do
not understand. But to the knowledge of this investigator,
no study has been done with teachers or prospective teachers
to determine how they think about the various mathematical
concepts they encounter. In order to learn this, the
subject must be observed in the act of thinking about these
mathematical ideas. The interview is a respected research
technique well suited to accomplish this goal. The next
chapter summarizes the literature on the use of the inter-

view in research.
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CHAPTER 3

REVIEW OF THE LITERATURE:
INTERVIEWING AS A RESEARCH TOOL

An important method of obtaining data for research
is the interview. General works on research methods such
as Fox (1969) and Madge (1953) contain chapters on the
interview as a research instrument. There are also good
books on the subject by Merton et al. (1956), Richardson
et al. (1965), and Gorden (1969).

In this chapter we shall review the literature on
the interview as a method of educational research. We
shall discuss the advantages of the interview as well as
its disadvantages. We shall also review the literature on
a major source of error in interview research--bias of the
interviewer. Finally, we shall list examples of studies
in mathematics education in which the interview was used

fruitfully.

Advantages of the Interview Approach

The interview approach is used when the researcher
wishes to obtain pertinent information from a sample of
subjects. There are alternative means of doing this, such
as the questionnaire. However, the interview has some
advantages for certain types of studies.

24
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The written questionnaire is most useful when the
information sought can be readily obtained from the
respondents' answers to certain well-formulated questions.
In this case it is certainly more economical of the time
of all parties to administer the questionnaire.

However, in certain types of studies, the investi-
gator wishes to obtain information which cannot be gathered
by means of a questionnaire. Such cases would include
situations in which it is impossible to formulate explicit
questions that would elicit the desired information,
situations where greater depth of response than a one-word
or one-line answer is required, or situations in which one
wishes to observe the subject over a period of time. In
these cases an interview mode would be preferable.

A good book on the advantages of the interview
approach is that by Merton, Fiske, and Kendall (1956). This
book is a report on the authors' experience investigating
the effects of propaganda films during World War II. They
developed the technique of the "focused interview," in
which they concentrated on the subject's reaction to the
film. They discuss four dimensions which represent
strengths of the interview approach: range, specificity,
depth, and personal context.

The authors define range as "the extent of relevant
data provided by the interview." The interview situation
has the potential for eliciting a wide variety of comments

from the respondent which may be of value to the
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interviewer. This flexibility is a major asset. In order
to exploit it, the interviewer must not be too eager to
ask only a specific schedule of questions; this reduces the
interview to an oral questionnaire. "Unstructured"
questions allow the interviewer to exploit the advantages
of the situation and extend the range of the data obtained.
The interview also has the potential not only to
determine the feelings and opinions of the respondents,
but to explore in detail the causes of these phenomena.
This is what is meant by specificity. The interviewer can
probe his respondents' feelings until specific causes for
them can be determined.
Depth is attained when the interviewer obtains "a

maximum of self-revelatory reports on how the situation

under review was experienced." Such reports can be

gathered only in a person-to-person conversation, with the
participants examining the subject's responses. "Depth
responses" concentrate on the subject's feelings about the
situation discussed in the interview. The level of depth
attained in the interview is largely under the control of
the interviewer.

Personal context consists of those features of the
respondent's background which caused the feelings that
arose. This can be either an "idiosyncratic context"
caused by one person's experiences or a "role context"
arising from a person's role in society or in the parti-

cular situation. The interview is well suited to the
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determination of the way each individual respondent sees a

particular situation.

Possible Flaws in the Interview Approach

In any research in which data are obtained, the
researcher is concerned that the data be both reliable and
valid. Reliability is a measure of the probability that
under similar conditions the same data will be obtained
from a given subject. Validity is a measure of how well
the data actually represent the variables that the
researcher wishes to examine. Considerations of reliabil-
ity and validity post particular problems for the
researcher who would use interviews as his instrument for
data-gathering.

Gorden (1969) points out that "in any act of
observation," four facets of the situation affect the
reliability and validity of the reported observations. The
first of these is the object of observation itself. When
we are dealing with affective variables, these may be (in
the terminology of Shulman) opinions, attitudes, or values.
Of these, opinions fluctuate the most and are least
reliable, while values are most stable and therefore most
reliable. The complexity of the information sought may
also affect the reliability of the reports.

In this area, Stember (1951) attempted to isolate
characteristics of potential respondents which might be

related to the reliability of their responses in public
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opinion surveys. He concluded that "the less-educated, and
older people, are significantly less reliable in their
responses" to the question he asked. ("Do you expect the
United States to fight in another world war within the

next ten years?") He also found that among the college-
educated respondents a greater percentage shifted away from
a "No" answer than shifted away from a "Yes" answer. He
calls this an interview effect created by the intervening
questions.

Returning to Gorden's exposition, the observer
himself may be a cause of invalidity or unreliability.

This will be discussed in a later section on interviewer
bias.

The concepts involved in the discussion may be a
source of invalidity if they are vague, leading in the
respondent's mind to an unclear connection with the
feelings desired. 1Invalidity also may occur if these
concepts are sharp but still unrelated to the main informa-
tion desired. The fourth source of unreliability and
invalidity is the method of interviewing chosen.

Gorden further mentions that accuracy of measure-
ment may be incompatible with that need for flexibility in
discussion which maximizes the possibility of discovering
interesting information. The scheduled interview, with
guestions constant in wording and all subjects asked the
same questions, is the best format for accuracy of

measurement, but obviously this only applies when the
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problems discussed above such as clarity of objectives and
methodology have already been solved. In an exploratory
study such as that reported in the following chapters, the
investigator is only first obtaining the data he needs in
order to solve these problems, and therefore may not be
overly concerned about accuracy of measurement. Gorden
demonstrates the independence of the criteria of reliability
and validity. One example in particular is that in which
the respondent has forgotten the experience under discussion;
in this case the respondent will usually (reliably) report a
response dictated by the interview situation, such as one
she feels is expected by the interviewer.
Richardson et al. (1965) make some comments on the

problem of validity. They mention that the best check
for validity is external evidence known to the investigator.
They caution against the interviewer using characteristics
of the respondent as an index of the validity of the
responses. This amounts to bias. As they put it, "The
information of the cautious respondent may in fact be more
valid than that given by the self-assured respondent."
They also mention the respondent's motivation as a key
factor in assessing validity. If there will be consequences
for her as a result of her remarks, she will try to minimize
the ill effects with her responses. The interview situation
must be contrived so as to eliminate this problem.

In a study planned to compare directly the personal

interview with analysis of written tests on grounds of
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reliability and validity of the data gathered, Brownell and
Watson (1936) examined children's solutions in the addition
of proper fractions. They found that over several
comparisons, "in every instance PI [the personal interview]
proved to be‘noticeably more consistent, or more reliable
[than analysis of written tests]."” The authors reasoned
from this that "since reliability contributes directly to
validity, the greater reliability of PI argues for its
greater validity in the detailed diagnosis of faulty
procedures." Considering that the personal interviews in
this study were restricted to pupils' statements with no
probing permitted by the interviewer, the authors infer
that "the advantage for PI is actually larger than that
found in this study." They concluded that while the two

techniques are "equally satisfactory . . . for the grosser

types of diagnosis . . . When . . . diagnosis is that of
the processes and difficulties of individual children PI

is both more reliable and more valid."

Bias of the Interviewer

One of the factors which may undermine reliability

and validity of interview data is the bias of the inter-
viewer. In this section we shall survey the published
literature on the effects of such bias. Most of this

literature is concerned with political and sociological,

rather than educational, surveys.
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The earliest scholarly article on interviewer bias
found by this investigator was Rice's (1929) commentary on
a survey of homeless men done in New York City in 1914.
Rice noted that the responses gathered by a prohibitionist
interviewer cited liquor as a cause of the respondent's
problems substantially more often than those gathered by a
socialist. This report lacks statistical analysis of the
responses.

As long ago as 1940, Blankenship reported a study
dealing with this problem as it affected public opinion
surveys on the eve of World War II. His results showed
that "in general the attitudes of the interviewers are
correlated with the results they secured in these questions
showing reliable differences." Deming (1944) also
discussed the problem in a review of all types of sources
of error in survey research.

Testing the effect of interviewers' expectations,
Feldman et al. (1951) conducted a large-scale study
involving 45 interviewers. They found few significant
differences on "questions of the traditional closed type,"
but found "striking differences" on "field ratings" where
interviewers rated "attributes of the respondent and his
surroundings.” On free-answer questions, experienced
interviewers drew more data from the respondents, and the
analysis supported "an earlier hypothesis that interviewer
expectations affect the responses they get on open

questions."
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Ferber and Wales (1952) mention two types of bias
which are particularly threatening to multiple-interviewer

social surveys. These are selection bias and answer bias.

Selection bias consists of an interviewer's bias in
selecting his sample, while answer bias is revealed in a
consistent pattern of answers given a particular inter-
viewer by respondents. The test for either is a chi-square
statistic which reveals the probability under a null
hypothesis that the variation between interviewers on the
qualities mentioned is due to chance. While the statisti-
cal test here cannot be done in a one-interviewer study,
both sample selection and effect of the interviewer can
affect the data produced. The investigator can give data
comparing the sample with the entire population as a way
of dealing with the first question, but there is no way to
determine the second in a study with only one interviewer.
Similarly, Boyd and Westfall (1955), in a
marketing-oriented review, discuss the various errors that
can be due to the interviewer. These fall into two major
classifications--errors in selecting respondents and
errors in collecting data. The first is typical of door-
to-door poll-taking done in public opinion and marketing
surveys. Errors in collecting data arise from the
expectations and opinions of the interviewer and from subtle
variations in the way questions are asked. The authors
remark that "there is some indication expectations have a

greater biasing effect than opinions."™ They also mention
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the problem in survey research of cheating, i.e., falsifi-
cation of data or creation of false data by the interviewer;
they recommend "proper management®” to reduce its incidence.
One organization vitally concerned about the
accuracy of survey results is the United States Bureau of
the Census. Hanson and Marks (1958) report the results of
a study done in connection with the 1950 census. They
report the following "important factors" leading to
significant interviewer effects:
(1) interviewer "resistance" to a given question--
i.e., a tendency to omit or alter the question and/or
to assume the answer; (2) relatively high ambiguity,
"subjectivity," or complexity in the concept or
wording of the inquiry; (3) the degree to which
additional questioning ("probing") tends to alter
initial respondent replies.

Their results emphasize the importance of the structure of

the interview schedule and the construction of schedules

for obtaining accurate results.

Bias can be introduced when the interviewer is
asking information questions to which he knows the correct
answers. Stanton and Baker (1942) found that interviewers
reported more correct responses on items where the inter-
viewer had been truly informed of the correct answer than
on items where the interviewer had been falsely informed
of the correct answer. However, in attempts to replicate
this experiment, Friedman (1942) and Lindzey (1951) failed
to obtain significant results.

The interviewer's verbal mannerisms can also bias

the data obtained. Hildum and Brown (1956) ran a clever
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study comparing respondents' opinions toward the Harvard
philosophy of General Education under four conditions--the
interviewer said either "Good" or "mm-hmm" when the subject
made either a pro- or anti-General Education response. The
telephone was used to isolate the verbal effects. Multiple
t-tests found that "Good" responses tended to bias the
results while "Mm-hmm" did not.

Another source of bias is the interviewer's need to
codify conversational data into a reportable form. Smith
and Hyman (1950) conducted a study in which interviewers
codified information on political attitudes taken from
phonograph recordings. Interviewers were found to codify
substantially equivalent responses differently, depending
upon their expectations of what the respondent's opinion
would be. The expectations arose as a result of the
interviewer's prior exposure to the respondents' ideas.

Although these studies were concerned with
political and sociological research, the problem they deal
with may arise in educational research also. Nevertheless,
for finding out students' misconceptions in mathematics,
the interview can be a very productive technique. The
next section lists some studies in which it has been used

successfully.
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The Interview in Mathematics Education Researchl

The interview has long been recognized as an
effective technique for research in mathematics education.
Forty-five years ago, Brownell (1930) listed the personal
interview in his summary of research techniques in arith-
metic (it was the first technique to be mentioned), and
cited several studies which had used the interview approach
fruitfully. The earliest use of this approach in mathe-
matics education research was in a study by Hall (1891l) of
children entering school; other very early examples were
the studies by Gard (1907) and Judd (1909). Brownell
(1941a,b) reiterated his support eleven years later, and
the interview was also urged as a research technique by
Buswell (1949). Brownell, Buswell and their collaborators
were prolific producers of interview research in arithmetic
during the first half of this century. (See Brownell,
1928; Brownell and Chazal, 1935; Brownell and Watson, 1936;
Brownell, Kuchner, and Rein, 1939; Brownell, Doty, and
Rein, 1941; Brownell and Carper, 1943; Brownell and Moser,
1949; Buswell, 1926; Buswell and John, 1931. Also
Buckingham and MacLatchy, 1930.)

A strong influence on the use of the interview
approach was the psychology of Piaget, developed through

his use of observation and interview with children at

lFor the references in this section, the author is
dgrateful to Marilyn N. Suydam, J. Fred Weaver, and Douglas
A. Grouws for a bibliography prepared by them for the April
1973 NCTM Annual Meeting in Houston, Texas.
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various stages of development. (For examples of this
related to mathematics, see Piaget, 1952 and 1960.) Many
studies have been done along the lines of Piaget's thinking.
Examples can be found iﬁ the book edited by Sigel and

Hooper (1968) and in the studies of Brace and Nelson (1965)
and of Steffe (1968).

Some of the more recent studies in mathematics
which employed the interview technique were those of
Brownell (1963, 1968), Buswell (1956), Dawson and Ruddell
(1955) , Erlwanger (1973), Gibb (1956), Gray (1965, 1966),
Gunderson (1955), Grouws (1972), Kilpatrick (1968),

Olander and Brown (1959), Pace (1961), Rea and Reys (1970),
Ruddell (1959), Van Engen and Gibb (1956), Weaver (1955),
and Zweng (1964). Nearly all of the above studies were
concerned with the thought patterns of elementary school

or pre-school children. To this author's knowledge there
have been no published studies involving interviews with
college students or teachers. Nevertheless there is no
reason why the interview technique should not be equally

useful in this context.
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CHAPTER 4

THE RESEARCH STUDY

The studies surveyed in Chapter 2 all dealt with
the topics in mathematics which elementary school teachers
do and do not know. It is important for those whose job
is training elementary school teachers in mathematics to
know which mathematical topics give them the greatest
difficulty. However, if the instruction of these students
is to be improved, it is also important to know how they
think about the mathematical ideas presented to them, so
that these thought patterns might be exploited by a skilled
instructor. This was one consideration leading to the
present study.

Another consideration was dissatisfaction among
the mathematics education staff at Michigan State Univer-
sity with the one required mathematics content course for
prospective elementary school teachers, Mathematics 201.
Math 201 is a one-quarter (nine or ten weeks) course which
usually has been offered in a format consisting of three
one-hour lectures and a two-hour laboratory each week. All
students (about 200-250 per quarter) would attend lecture
on Monday, Wednesday, and Friday; the laboratory sessions

would be held at various times throughout the week. The

37
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lecturer would be a faculty member in overall charge of the
course, while the laboratory sessions would be taught by
graduate assistants. Books used in the course were the
text by Kelley and Richert (1970) and the laboratory manual
by Fitzgerald et al. (1973); the material covered in the
course will be discussed in later sections. (Exceptions

to this format were made in the spring quarters of 1973

and 1974, when sufficient staff was available to offer the
course in several small classes. However, it is expected
that large lectures will be an economic necessity in this
course in the fall and winter quarters for the foreseeable
future.) Problems with this format included the diffi-
culty of coordinating the laboratory work with the lecture
presentation, and the situation in which a student has two
different instructors in the two parts of the course.
Considering this situation, the present study was conceived
as a vehicle by which the instructional staff of Math 201
could obtain information on the nature of the students
enrolled in the course and on the way they react to the
course as presented. With this knowledge ways could be
suggested to improve instruction in the course.

Thus the present study was conceived in the winter
of 1973 with two objectives in mind: (1) to learn some-
thing about how prospective elementary school teachers
think about the mathematical ideas presented to them, and
(2) to see what were the reactions of these students to the

lecture-laboratory presentation of Math 201.
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An interview approach was selected. It was decided
to use only female subjects because females comprise the
great majority of Math 201 students. The advantages of
the interview as a research technique are described in
Chapter 3; it was the best possible approach which could
have satisfied the first objective. The investigator
therefore needed to develop skill in interviewing; also,
some practice was necessary to determine just what could
and what could not be learned from such a study. With
these aims in mind, pilot studies were conducted in the

spring and fall terms of 1973.

Pilot Studies

The Spring 1973 study. In the spring of 1973,

Math 201 was taught in small classes. Several of the
instructors cooperated with the investigator in offering
"favorable consideration" as part of their coursework to
students who participated in the study. From those
students who volunteered to participate, the investigator
chose a sample of six subjects representing the various
sections of the course as well as varying degrees of mathe-
matics background. One subject quit the study after one
interview but the other five participated through the last
week of the course. Interviews were held weekly and tape
recorded; the investigator took notes when playing the

tape and then erased that tape.
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The investigator learned several things from this
study. The first was that conversation with the subjects
yielded insufficient information of the nature sought, so
it was decided to have in the interviews both conversation
about the course and a presentation of problems to the
subjects for them to solve aloud. The investigator also
learned that while presenting such problems to the sub-
jects he should not inform them if their solutions were
correct or not, or otherwise pass judgment on their work;
aside from the possibility of creating antagonism between
interviewer and respondent, this practice would have had
the effect of making the session into a tutorial, in which
the subject would receive help unavailable to her
colleagues. The study sample would thus be unrepresenta-
tive of the course population in this respect. (It already
was unrepresentative in that it consisted of volunteers
only, but this was unavoidable.) Finally, since there was
very little new information to discuss at intervals of one
week, it was decided to schedule interviews at two-week

intervals in future studies.

The Fall 1973 study. In this term another pilot

study was conducted. Volunteers were solicited at the
first lecture and promised financial compensation (the
amount unspecified) for their participation. (At the end
of the study they were paid five dollars each by the

investigator personally, no other source of funds having
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been found.) Eighteen of these were selected at random to
participate, of whom seventeen completed the study. After
an introductory interview, the subjects met with the
investigator every two weeks over the course of the term,
and then once more after the term was over.

The conversation at these interviews was in a
scheduled format. The investigator took the following
topics from the organization of the text: sets, number
bases, primes and factorization, integers, rational numbers,
and decimals. After a subject had completed the study of
one of these topics in the course, she would be asked the
following six questions on that topic by the investigator:

Is this topic new for you or is it a review of
something you've seen before? (If review) Where did you
see it before?

Do you find this topic easy or hard to grasp? How
well would you say you've learned it?

Do you like or dislike the method of presentation
of this topic?

Do you think this topic is worthwhile for elemen-
tary school mathematics?

How do you feel about eventually teaching this
topic?

Would you teach this topic as it has been taught
to you in this course, or would you teach it some other

way?
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The subject would then be presented with a series of
exercises on that particular topic, which she would solve
aloud. These exercises were written by the investigator.

Responses to the conversational questions were
disappointing, so it was decided for the main study to
change to a more open format in which the subject would
initiate most of the conversation, with the interviewer
following up on points raised by the subject or bringing up
those areas which the subject failed to mention. The
problems used in this study were refined for use in the
main study. Many of the problems used in this study as
well as the questions asked at the initial and final inter-

views were used again in the main study.

Description of the Study

The main study to be reported in this dissertation
was conducted at Michigan State University in the winter
quarter of 1974. During this term the course was given
in the lecture-laboratory format described earlier. The
lecturer was Professor Glenda Lappan and the laboratory
instructors were Professor Lappan and Messrs. G. A. Badmus,
Craig Nosal, and John Holzhauer.

The textbook was Kelley and Richert, but no manual
was used in the laboratory. Instead, the lecturer wrote
her own laboratory exercises. Students were required to
attend the laboratory. The lectures covered most of the

fist six chapters of the text, including the topics of
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sets, numeration, number bases, fundamental operations,
primes and factorization, some number theory, and the
systems of integers, rational numbers, and real numbers.
The first section of Chapter 3 and some of Chapter 6 were
not covered in lecture. Tests were given on January 23,
February 13, and March 6; the final examination was held on
March 12. The nine laboratory sessions, identified below
by date, included the following:

January 7-10. Attribute games, including A Blocks,

People Pieces, and Color Cubes.

January l14-17. Dienes Multibase Arithmetic Blocks

used to illustrate addition and subtraction.

January 21-24. Dienes Blocks used to illustrate

multiplication and division.

January 28-31. Computation, including Napier's

bones, lattice multiplication, Russian peasant multiplica-
tion, and the Whitney Mini-Computer (see Whitney, 1970).

February 4-7. Clock arithmetic.

February 11-14. Rational numbers, illustrated with

GeoBlocks, tangrams, and Cuisenaire rods.

February 18-21. Real numbers, illustrated by ruler-

and-compass constructions.

February 25-28. The geoboard.

March 4-7. The metric system: measurement of

various objects using metric units.
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The subjects. Female volunteers were solicited at

the first lecture on January 4, 1974; $5.00 compensation
was offered as an inducement. (This was paid by the
Mathematics Department.) Thirty students volunteered, and
these were invited to participate in a randomly determined
order until sixteen subjects were obtained. 1In the
following text, these sixteen subjects will be designated
by the first sixteen letters of the alphabet, which were
assigned to them in a randomly determined order. One
volunteer, Student E, quit the study after her initial
interview and will be excluded from the following
discussion. Table 1 on pages 46-47 illustrates how the
study subjects compared with the entire class in their
responses to a questionnaire distributed at the first class
session.

One can see from the table that in some respects
the study sample was different from the class as a whole.
The students in the sample tended to be younger, on the
average, than their classmates. More of them had taken
substantial coursework in education, and more of them had
served as observers in elementary schools. A dispropor-
tionately large number were preparing for a career in
special education. As might be expected of a sample of
volunteers, they had stronger feelings about mathematics
than did most of the class, and those of them who liked
mathematics tended to like it very much. They averaged

about as many years of high school mathematics as the class
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as a whole, but reported slightly better grades in this
work. Only one subject, Student C, had taken any mathe-
matics in college. All of the subjects were from Michigan
except Students I and K, who were from New Jersey. It
must also be mentioned that the study subjects differed
from their classmates in their willingness to participate
in a research study.

| The profiles of the subjects which appear below
were written in the following randomly determined order:

L., #, J, I, N, A, G, D, O, H, B, C, M, P, K.

The interviews. The subjects reported for an

initial interview during the period January 9-18. At this
interview they were informed of the purpose and format of
the study and were asked the following questions:

What kind of mathematics did you take in high
school?

Would you call your high school mathematics a good
learning experience?

What were your favorite subjects in high school?

Was mathematics among them?

What subjects did you dislike the most?

Do you have any thoughts about why you liked =-----
and disliked ----- ?

In what extracurricular activities did you partici-
pate in high school?

Why did you take the mathematics courses that you

did in college?
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Table 1

COMPARISON OF STUDY SUBJECTS WITH ENTIRE CLASS

Question

2. Year:

Percentage of
Entire Class

Percentage of
Study Subjects

a) Freshman .30 .53
b) Sophomore .42 .40
c) Junior .23 .07
d) Senior .05 .00
3. Age:
a) 17-18 .26 .47
b) 19-20 .53 .47
c) 21-22 .13 .07
d) 23-24 .03 .00
e) 25 or over .04 .00
4. Sex:
a) Male .12 .00
b) Female .88 1.00
5. Number of credit hours in Education before this quarter:
a) 0 .31 .33
b) 1-5 .31 .27
c) 6-10 .19 .07
d) 11-15 .11 .00
e) 16 or over .07 .27

6. Have you had a course in math. methods (how to teach

mathematics) ?
a) yes
b) no

.02
.98

.00
.93

7. Which expresses your greatest level of involvement in
the elementary classroom in the schools?
when you were an elementary pupil!)

a) no involvement

b) observer

c) student teacher

d) teacher

e) other (aide)

.25
.22
.04
.01
.54

(not counting

.20
.53
.07
.00
.47
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Table 1 (Cont'd)

Percentage of Percentage of

Question Entire Class Study Subjects
8. Which grades do you wish to teach?

a) K-3 .47 .47

b) 4-6 .16 .13

c) 7-9 .05 .00

d) 10-12 .00 .00

e) undecided .15 .07

f) special .22 .47

g) pre-school .01 .00
9. Which best summarizes your attitude toward mathematics?

a) I strongly dislike it .03 .07

b) I dislike it .15 .20

c) neutral .30 .20

d) I like it .36 .13

e) I like it very much .15 -40

10. How important do you feel this course is for you in
preparing you to be a good teacher?

a) extremely important .53 -47
b) somewhat important .44 -40
c) not very important .03 .13
d) a waste of time .00 .00

11. How many years of high school mathematics (starting
with Algebra I) have you taken?

a) 0 .00 .00
b) 1 .05 .00
c) 2 .34 .47
d) 3 .37 .27
e) 4 or more .24 .27

12. what was your average grade in high school mathematics
courses?

a) A .14 .13
b) B .54 .73
c) C .29 .13
d) D .02 .00
e) F .00 .00
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Did you enjoy these courses? Why or why not?

Why do you want to be an elementary school teacher?

Have you ever taught before? (If so) What sub-
jects, level?

What are your feelings about eventually teaching
mathematics in elementary school?

What do you feel is the purpose of teaching
mathematics in elementary school?

The data obtained from responses to these questions
are reported at the beginning of each of the following
profiles.

Following this initial interview, each of the
subjects was scheduled to meet with the investigator during
the weeks of January 21, February 4, February 18, and
March 4. At these interviews, the course and the subject's
reaction to it were discussed. The investigator generally
would allow the subject to initiate the discussion,
asking questions which helped to clarify the subject's
remarks. In case the subject did not mention her reaction
to the most recent lectures, homework assignments, or
laboratory sessions, the area she omitted would be brought
up by the investigator. At the interviews of February 4-8,
the subjects were asked their opinions on the pace of the
course to that point; at the interviews of February 18-22,
they were asked how they felt about eventually teaching

the course material.
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In addition to the conversational part of the
interviews, the subjects were asked to solve problems aloud.
The following problems were presented during the weeks
listed:

January 21-25:

(Sets) Let A {Kennedy, Johnson, Nixon}
{0}

{11, 4, o, }

{0, 1, 2, . . ., 99}

{0’ l' 2' . . -}

MO OQW
W unu

For each of the following sets, which of the sets above,
if any, does it match?

the set of all living people

the set of counting numbers from 1 to 100, inclusive

the set of suits in a standard deck of cards

the set of all aardvarks enrolled at M. S. U.

(Number Bases)
Give the base ten name for the number expressed by 405
Give the name of each number in the indicated base.
39ten in base two
44 in base seven
The folf%ﬂing examples are correct in some base. Name the
base that makes each example correct.

eleven-

49
+ 37
84

211
- 12
122

(Problem 1) Suppose the only U. S. coins were quarters,
nickels, and pennies. If I have 1 quarter, 3 nickels, and
3 pennies, and you have 2 quarters, 4 nickels, and 3
pennies, what is the least number of coins which expresses
the total amount of money between us?

February 4-8:

(Problem 2) In East Lansing, a telephone number can begin
with 332-, 337-, or 351-. How many different phone numbers
can there be in East Lansing?
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February 18-22:

(Prime Numbers) For each of the following numbers, tell
whether it is a prime number or not.

119

113

227

247

(Factors and Multiples)
Find the greatest common factor of 63 and 105.
Find the least common multiple of 42 and 48.

(Problem 3) Driving east at 40 mph, Dan passed through the
center of town at 12 noon. At 1 o'clock, Dick, driving

in the same direction, passed him at 50 mph. If both
drivers had maintained their speeds, how far was Dick from
the center of town at 9 A.M.?

March 4-8:

(Rational Numbers) 1Is there a rational number between 1/3
and 1/4? 1If so, name one.

(Decimals)

Find a decimal name for the number represented by 7/12.
Find a fraction name for the number represented by
.37777777. . .

Find a terminating decimal approximation to 6/11 that has
an error less than .00001.

Find an approximate value for /7.
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(Measurement)
Find, as best you can, a measure of the length of the curve
below. (Ruler and compass provided.)
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Find, as best you can, a measure of the area of the region
below. (Ruler and compass provided.)
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(The last two problems on decimals and both measurement
problems represented types of problems not seen by the
students in the course, but the investigator decided to
present them anyway.)

During the period March 26-April 4, at the beginning
of the following quarter, each of the subjects met with the
investigator for a final interview. At that time they
were asked the following questions:

How have your feelings about mathematics changed,
if at all, as a result of your experience in this course?

How have your feelings about eventually teaching
mathematics changed, if at all, as a result of this
course?

How have your feelings about the purpose of
teaching mathematics changed, if at all, as a result of
this course?

How have your feelings about your major changed,
if at all, as a result of this course?

Was there anything in the course that you felt
could have been done better?

For which topics were the laboratories most
effective?

Was there anything about the course that hindered
your learning of the material?

Would you take further mathematics courses? What

type?
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What is your reaction to this study and to me as
an interviewer?

If this study were to be run again, do you have any
suggestions as to how it might be improved?

If you were doing this study, what kinds of ques-
tions would you ask?

Can you think of anything about the course that
would be worth investigating that we did not discuss in
this study?

Considering your experience in this course, do you
think that elementary school mathematics should be taught
by general classroom teachers or by mathematics special-
ists?

The remainder of this chapter will consist of a
profile of each subject; these profiles will be followed
by a summary of the subjects' solutions to the various

problems.

Student A

Student A was a freshman from Detroit. She had
taken a year and a half of algebra and a year of geometry
in high school. She found both geometry and her later
algebra course "difficult" and quit high school mathematics,
after getting a C in her first semester of intermediate
algebra, so as not to lower her average. She had no
antipathy toward mathematics, saying, "I like math, but I

don't like the grades when they come." Her favorite high
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school subjects had been sociology and psychology, where the
relevance of the discussions to actual situations interested
her. She had disliked history, which she had found to con-
sist of only reading and memorizing. Student A also had
taken a remedial arithmetic class (outside of school)

while in high school. She had not taken any college
mathematics prior to the study.

Student A intended to major in special education;
her main interest was mental health. She had become
interested in this field from television and from working
at Wayne County General Hospital. She had previously
worked with children in a recreational center, but said
that she had not taught in that situation. When asked
how she felt about eventually teaching mathematics,

Student A replied, "I don't want to teach math . . . but if
I know the math, I should be able to teach it." She felt
the purpose of elementary school mathematics is "to help
children get a better understanding [of] the methods of
math, why we use those methods . . . basic arithmetic, to
help the child get an understanding."

(Student A was by far the least articulate of the
study subjects. In the following report the investigator
has done his best to present her remarks accurately, al-

though the meaning of these frequently is unclear.)
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