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ABSTRACT
AN ANALYSIS OF THE EFFECTIVENESS OF THE WORKSHOP
AS AN IN-SERVICE MEANS FOR IMPROVING

MATHEMATICAL UNDERSTANDINGS OF
ELEMENTARY SCHOOL TEACHERS

by Mildred Jerline Dossett

Adviser: Calhoun C, Collier

The purpose of this study was to analyze the effectiveness of the
workshop as a means of in-service education for elementary teachers
for: (1) improving basic mathematical understandings, (2) changing
attitudes toward mathematics, and (3) improving the classroom
practices in the teaching of arithmetic. The two workshops used in
this study were drawn from the 1963-64 series of workshops in mathe -
matics for elementary school teachers, a part of an in-service educa-
tion program being sponsored by the Missouri State Department of
Education under Title III, National Defense Education Act.

The two state -sponsored workshops included sixty-secven
participants, of whom forty-five were primary teachers and twenty-
two intermediate teachers., These, along with the twenty-two teachers
in the control group, were grouped, for purpose of analysis, as
follows: (1) school system, (2) level of teaching assignment, (3)
completion of in-service program, and (4) testing procedure.

The following hypotheses were advanced:
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There will be a s:ignificant difference on a test of mathematical
understandings between the post-test scores of a group of
elementary teachers who participated in a mathematics workshop
and their pre-test scores or the scores of a similar group who
did not participate,
There will be a significant difference on an arithmetic attitude
inventory between the post-test scores of a group of elementary
teachers who participated in a mathematics workshop and their
pre-test scores or the scores of a similar group who did not
participate in the workshop.
There will be a significant difference between the class practices
of a group of elementary school teachers who participated in the
mathematics workshop and a similar group who did not partici-
pate,
In addition, two related questions were studied:
What effect, if any, does a pre-test have upon the post-test
scores of a group of teachers who participated in the mathe -
matics workshops?
What is the relationship of improvement in basic mathematical
understandings or change in attitude toward arithmetic to
teacher background factors?

The investigation proceeded as follows:



Mildred Jerline Dossett

1. A form entitled "Teacher Background Information' was dis-
tributed to participants in the state -sponsored workshops and the
control group. These data were transferred to a code sheet and
used in the final analysis.

2., Two parallel forms of a '"Test of Mathematical Understandings"
were constructed, tried out in experimental form, revised, and
administered to both the experimental and control groups at or
near the first and last sessions of the two mathematics work-
shops.

3. The Dutton Arithmetic Attitude Inventory was administered to
the experimental and control groups at the same time that the
groups took the '""Test of Mathematical Understandings' for the
purpose of studying the effectiveness of the workshop in attitude
changes toward arithmetic.

4, The Texas Classroom Interview Question Schedule was used to

elicit responses from a random selection of two pupils from
eight classrooms of teachers in one of the experimental groups
and an equal number of pupils from classrooms of teachers in
the control group. Such a procedure provided data relative to
the classroom practices of teachers in the teaching of arithmetic.
The analysis of covariance was utilized in the analysis of the data

relative to the effectiveness of the workshop. Pearson Product-



Mildred Jerline Dossett

Moment Correlation Coefficient was used in the relationship analyses

reported in the study.

Conclusions which were an outgrowth of the findings of this

study were:

1.

Workshop participants, with the exception of one group of
primary teachers, made statistically significant gains between
pre - and post-test on a test of mathematical understandings and
on an arithmetic attitude inventory.

When scores of a group of elementary teachers who participated
in the mathematics workshop were compared with those of a
group of teachers who did not participate in the workshop, it was
found that, with initial differences allowed for, the workshop had
contributed both to the development of mathematical under -
standings and to a change in attitude toward arithmetic.

Within the limitations of this study, and for the particular group
used, a pre-test did not contribute significantly to the develop-
ment of mathematical understandings or to a change in attitude
toward arithmetic,

A significant relationship was found to exist between the pre- and
post-test scores on the mathematical understandings.test and
semester hours credit in college mathematics; no significant re -
lationship was found to exist betwecen either the pre-test or post-

test scores of an attitude inventory and background factors.
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CHAPTER 1
THE NATURE OF THE STUDY

"Education is being brought into the mainstream of national life.'t
The American peo.ple, operating on the premise that our welfare is
dependent, among other factors, upon an enlightened citize:nry, have
focused a spotlight on public education. This spotlight has brought to-
gether groups of professional people representing different backgrounds
of experience and training to study educational problems and to suggest
directions. As a part of this nationwide attempt to revitalize and up-
date the schools, changes have been and are being made in the mathe-
matics curriculum of.the elementary school,

The position that mathematics education needed revamping
probably could have been taken any time in the last seventy-five years.
In fact, David Maxey, writing for Look, said:

Today's curriculum reform was forced on us. The Post-Sputnik
wailing about our science gap is partly responsible. Computers
dramatized the mathematical challenges of automation. Most of
all, educators realized that the traditional curriculum was not

answering the nation's need for scientists, teachers, businessmen--
in fact, anybody who could deal with mathematics creatively. 2

Jerome Bruner, The Process of Education (Cambridge:
Harvard University Press, 1900), p. 18.

2David Maxey, "Why Father Can't Do Johnny's Math," Look,
XXVII, No. 2 (November 5, 1963), p. 88.

1




This call for new programs in mathematics, programs which
meet the changing needs of society, was also noted by John Kemeny.
While Mathematics has always been recognized as one of the
cornerstones of our educational system, we are entering an era
in which an understanding of mathematics will be of even greater
importance to all educated men. As our civilization grows in
complexity and science plays a more vital role, the man ignorant
of mathematics will be increasingly limited in his grasp of the
main forces of civilization.3
Thus, as a result of recent developments in science and mathe-
matics and also better use of our knowledge of how people learn, there
is much activity and interest in the development of new elementary
school mathematics programs that are different in both content and
approach. In experimental programs, such as the School Mathematics
Study Group (SMSG), the Greater Cleveland Mathematics Program
(GCMP), and the University of Illinois Project, mathematicians and
educators have worked together to set goals and develop new materials,
materials which have stimulated new programs and changed existing
mathematics curricula in the elementary school. These new programs
can neither be ignored nor accepted blindly.
One cannot predict with assurance either the mathematics
needs of today's learner, or the mathematical ideas required for

tomorrow's society, but we do know that the learner must be
mathematically literate . . . children cannot be denied the

3John Kemeny, "Teaching the New Mathematics,' The Atlantic,
CCX, No. 4 (October, 1962), p. 90.




opportunity to learn the mathematics they need as a citizen or
the mathematics that is a necessary stepping-stone to many
careers.?

What do these changes imply for elementary school teachers?
Since wise decisions about what to teach are dependent upon the
teacher's understanding of curriculum reform, it is imperative that:

. . . The elementary teacher should know the mathematics
necessary to teach the content of the new curriculum.

Teachers need a mathematics education which makes it
possible for them to understand and appreciate the structurc of
the mathematics they teach, which makes it possible for them
to help children develop a problem -solving technique, and which
makes it possible for them to have confidence in their teaching
of arithmetic. ° -

Dr. Bernard Gundlach, former Educational Consultant for the
Greater Cleveland Mathematics Program, rcferred to the teacher as
the key to progress. He declared that it was up to the teacher to pre-

pare the next generation not only to step in and take over, but also to

41\Aary Folsom, '"National Problems and Trends in Mathematical
Training of Elementary School Teachers,'" Ten Conferences on the
Training of Teachers of Elementary School Mathematics, A Seventh
Report of the Committee on the Unde rgraduate Program in Mathe -
matics to the Mathematical Association of America (Pontiac,

Michigan: The Association, 1963), p. 4.

5Clarence Hardgrove, ''National Problems and Trends in
Mathematical Training of Elementary School Teachers,' Ten
Conferences on the Training of Teachers of Elementary School
Mathematics, A Seventh Rep;‘t of the Committee on the Under -
graduate Program in Mathematics to the Mathematical Association
of America (Pontiac, Michigan: The Association, 1963), pp. 30 and
34,
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make its own contribution to the growing storchouse of human
knowledge and development.

Furthermore, he saw the elementary teacher as a builder., ''Not
only does she set the pace,'" he asserted, "but she has to build the very
‘foundation upon which the mighty superstructure of human knowledge is
to rest. "’

Continuing to emphasize the importance of the elementary
teacher, Gundlach noted that:

« . « It is on the most elementary level that any curricular re-
vision makes its strongest demands. . . . the elementary teacher
cannot any longer fulfill his or her duties entirely by presenting
choice bits of information; he or she must interpret and explain
the language in detail for the benefit and future use of the young

students.

The essential condition for this to take place =-- understanding

and insight -- is that the teacher herself be thoroughly familiar
8

with the language. . . .
What mathematical understandings are needed by elementary
teachers? What is the present status of elementary school teachers with
respect to these important mathematical understandings? What means

can be used to help teachers gain these needed mathematical under -
standings? Thesec three questions are questions related to elementary

school mathematics which have been pursued by many investigators.

6Bernard Gundlach, Basic Mathematics for Elementary Teachers
(Bowling Green, Ohio: Educational Rescarch Council of Greater
Cleveland, 1961, p. 3.

"Ibid., p. 4. 81hid.



The first question, that of mathematical understandings needed
by elementary school teachers, has been the subject for several re -
search studies. While there is a lack of agrcement as to specific
Vmathcmatical understandings, Newsom, 9 Stipanowich, 10 schaaf, ! and
others have outlined what they believe should be included in a course
dealing with the subject matter of arithmetic, more frequently referrcd

to as elementary school mathematics. The material from the Greater

Cleveland Mathematics Program (GCx\/IP)lZ and the volumes on Number

13 24nd Intuitive Geometry14 prepared by the School Mathe-

sttems

matics Study Group (SMSQG) are also examples of materials availa-

ble to help in planning programs for elementary school teachers.

9C. V. Newsom,. ""Mathematical Background Needed by Teachers
of Arithmetic,'" The Teaching of Arithmetic, Fiftieth Yearbook of the
National Society for the Study of Education, Part II (Chicago: Univer-
sity of Chicago Press, 1951), p. 232.

1054 seph Stipanowich, '""The Mathematical Training of Prospective
Elementary Teachers, " Arithmetic Teacher, IV (December, 1957),
pp. 240-248,

Uwilliam L. Schaaf, ""Arithmetic for Arithmetic Teachers, "'
School Science and Mathematics, LIII (October, 1953), pp. 540-542,

12Robert E. Eicholtz and Martin Emerson, Topics for the Ele-
mentary Arithmetic Teacher (Cleveland, Ohio: Educational Rescarch
Council of Greater Cleveland, 1961).

13S(:hool Mathematics Study Group, Number Syst ems, VI: Studies
ilMathematics (New Haven, Connecticut: Yale University Press, 190l).

145chool Mathematics Study Group, Intuitive Geometry, VI
Sildiesi_nMathematics (New Haven, Connecticut: Yale University
Press, 1961).
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Clarence Hardgrove, writing for the Committee on Undergraduate
Programs in Mathematics, stressed that the emphasis should be the
same for the teachers as it is for children. '"The needed under-
standings, . . . are not only those understandings which give meaning
to mathematics in the modern elementary school but also those which
help the teacher tie the subject together as a related whole," 12

Question two, the present status of elementary school teachers
with respect to mathematical understandings, also has been the topic
for several investigations. Robinson observed that '""elementary teach-
ers have at best only a mechanical knowledge of arithmetic. nl6 Glennron
gave further evidence of the arithmetic inadequacies of teachers. He

noted that it is difficult for teachers to help children grow in under -

standings which they themselves do not possess. 17 Bean, 18 Orleans,19

1SHardgrove, op. cit., p. 3l.

16A. E. Robinson, The Professional Education of Elementary
Teachers in the Field of Arithmetic ('""Teachers Colle? Contributions
to Educatia_l—i, '"" No. 67ZNew York: Bureau of Publications, Teachers
College, Columbia University, 1936).

1 Vincent J. Glennon, "A Study in Needed Redirection in the

Preparation of Tcachers of Arithmetic," Mathematics Teacher, XLII
(1949), p. 395.

18 50hn Bean, "Arithmetical Understandings of Elementary School
Teachers,'" Elementary School Journal, LIX (May, 1959), pp. 47-50.

ngacob S. Orleans, The Understandings of Arithmetic Processes
and Concepts Possessed by Teachers of Arithmetic ("'Oifice of
Research and Evaluation, Division of Teacher Education, " Publication
No. 12; New York: College of the City of New York, 1952).
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and a host of other investigators also have reported research studies
which point to the deficiency of elementary school teachers with
respect to mathematical understandings.

How can the mathematical understandings of elementary school
teachers be improved? This question, a third question related to
elementary school mathematics, has become, in the eyes of many
educators, one of the most challenging and persistent problems faced
by education. It is a question which calls for study of methods or pro-
cedures for remedying the situation rather than collecting and pre-
senting additional evidence on the inadequacy of elementary school
teachers. Numerous educators see this need for professional growth
as a need far too pressing to be limited to either the pre-service or
the in-service education of teachers.

Certainly, as suggested by Bean, Schaaf, Orleans, and Newsom,
teacher trainecs can be prepared through an up-to-date approach to
mathematics. Yet, if an adequate program of mathematics could be
inaugurated at once on a pre-service basis, only about five per cent
of the 900,000 elementary school teachers would be directly affected

each year, 20

At that rate, except for the spread from individual to
individual, the schools would be at least twenty years incorporating

Present ideas.

2OHardgrovc, op. cit., p. 31.



Five years ago, just a few months after the appearance of the
1957 yearbook of the National Society for the Study of Education, which
was devoted to in-service education, Ashby, in an editorial for

Educational Leadership, wrote:

The rapid acceleration of the phenomenon of change in modern
society makes in-service education a more significant and
challenging problem than ever before in the history of the
teaching profession.

Today's teacher must be alert to keep up with the out-of-school
learnings of pupils. At the same time, the revolution in
technology and production has provided new knowledges and
tools to be used in teaching.

As teaching becomes more of a profession and less of a pro-
cession, more teachers arc removed from their preservice
training than ever before. The training they received even a
decade ago is inadequate today either as to substance or as to
methodology. This underlines the demand for effective in-
service education. . . . Without it, our schools cannot adequately
prepare boys and girls for a dynamic society.

Bean recommended the following two courses of action for the in-
service program for improving arithmetic instruction:
1. A series of state, regional, and district workshops in
arithmetic.
2. A series of regional extension courses under the direction of

22
the colleges in each state. "

21I_,y'nn Ashby, '""Today's Challenge to In-Service Education, "
Educational Leadership, XV, No. 5 (February, 1958), pp. 270-271.

22Bean, op. cit., p. 450.
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In the preceding introductory paragraphs it has been indicated
that changes have been and are being made in the mathematics cur-
riculum in the elementary school. Also, it has been pointed out
that these changes have made it imperative for the elementary teach-
ers ''to understand and appreciate the structure of the mathematics
they teach --a means which makes it possible for them to help chil-
dren develop a problem-solving technique and a means which makes
it possible for them to have confidence in their te-aching of arithme -
tic."23

While various forms of in-service education have been utilized
by school systems and state departments of education, few have been
the reports which attempted to evaluate objectively the effectiveness
of any of the techniques being employed in the in-service education
program of teachers. The lack of such studies pointed toward the
need for the present study.

Specifically, the present study attempted to evaluate the
effectiveness of one serics of state-sponsored workshops in arithmetic
for elementary school teachers in: (l) improving basic mathematical
understandings, (2) changing the attitudes of elementary school teachers
toward mathematics, and (3) improving the classroom practices of

teachers with respect to the teaching of arithmetic.

23Hardgrove, op. cit., p. 34.
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I. The Need for the Study

During recent years, there has been rather general acceptance
among educators of the need for in-service education. Many educators
see it as one of the outstanding needs in the field of education.

Research on the effectiveness of various kinds of in-service

programs is needed if efforts to improve understanding of teachers

are to be efficient and effective in the improvement of educational

opportunities for boys and girls.24

While research studies with respect to arithmetic have increased
in number, there has been a paucity of studies in the area of in-service
teacher education with respect to arithmetic. Since 1957, the annual
bibliographies of research, prepared by J. Fred Weaver for the

Arithmetic Teacher, list over three hundred research studies and

dissertations on elementary school mathematics. However, less than
twenty-five studies of which nine were dissertations had teacher
education as the main area of emphasis. Only three of the disserta-
tions, one by Rudd, another by Boyd, and a third by Houston, attempted
to study specific in-service procedures. Several other studies, how-

ever, either surveyed present conditions or studied a particular

-

aspect of the pre -service program. 25

24w, Robert Houston, Claude C. Boyd, M. Vere DeVault, "An
In-Service Program for Intermediate Grade Teachers, "
Teacher, VIII (February, 1961), p. 65.

Arithmetic

25IE‘or further information concerning these studies, see Chapter
II, pp. 44-50.
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Sparks, in an article which summarized recent research with
respect to arithmetic understandings needed by elementary school
teachers, concluded that the research to date has been '"too limited in
scope to offer substantial assistance in planning programs of teacher
education. n26
Barnett and Jansen, in a book of readings edited by De Vault,
referred to the situation as a distinct challenge to those interested in
teacher education. They suggested that there is a neced today to dis-
cover ways of remedying the situation rather than to collect and to
present additional evidence of the elementary school teacher's lack of
mastery of mathematics.
They enumerated the following as possible areas to include in
future studies:
1. Experimentation in search of effective ways to improve the
teacher's mathematical knowledge and understanding.
2. Clarification of what the elementary school teacher should
know.
3. Evaluation of the contribution of pre-service and in-service

aspects of the teacher's preparation.

4. Utilization of various techniques to relate certain aspects of

263ack Sparks, "Arithmetic Understandings Needed by Elemen-
tary School Teachers,' Arithmetic Teacher, VIII (December, 196l),
p. 395.




preparation of improved teaching and learning mathematics
in the classroom. 27
Houston and DeVault, in describing a study carried out in con-
nection with the elementary schools of Dallas, Texas, stated that:
Studies are needed which investigate the changes brought about
in the classroom as a result of in-service education programs.
Case -studies, classroom observation, pupil interview technique,
and experimental studies involving pre- and post-testing of both
teachers and pupils are but some of the techniques which should
be utilized. . . . Such studies must be forthcoming if continued
effort devoted to in-service education is to make the greatest
possible contribution to the continued growth of teachers.
Thus the need for a study which would push further the "knowl-
edge claim'' that an in-service education program, with proper content
emphasis, can raise the level of understandings of elementary school

teachers with respect to basic mathematical understandings has made

itself manifest.

II. The Problemn

Statement of Problem

It was the purpose of this investigation to analyze the effective-

ness of the ""'workshop' as a means of in-service teacher education for

27Glenn Barnett and Udo Jansen, ""Planning for Teaching
Competence in Mathematics Education, ' Improving Mathematics
Program, ed. M. Vere DeVault, (Columbus: Charles E. Merrill
Books, Inc,, 1961), p. 466.

28Houston, DeVault, and Boyd, op. cit., p. 65.
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developing needed mathematical understandings of elementary school
teachers, for changing the attitudes of elementary school teachers
toward mathematics, and for improving classroom procedures. The
workshops used in the study were a part of the 1963-64 series of Science
and Mathematics Workshops conducted by the Missouri State Depart-
ment of Education under Title III, National Defense Education Act.

The effectiveness of the ""workshop' was evaluated in terms of:
(1) growth in‘nlathematical understandings of elementary school
teachers, (2) changes in attitudes of elementary school teachers toward

mathematics, and (3) improvement in teacher classroom practices.

Hypotheses

The type of changes made by elementary school teachers and the
effect of these changes upon classroom procedures, such as were
examined as part of this study, were grouped into three ca-tegories:

A. Changes in mathematical understandings of elementary school
teachers which were:

1. Related to the basic structure of mathematics.

2. Related to informational concepts.

3. Related to lpgicai abstractions or generalizations.

B. Changes in teacher attitudes toward mathematics which were:

1. Related to over-all reaction to the subject.

2. Related to its importance in the elementary school curriculum
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C. Changes in teacher performance in the classroom which were:
1. Related to use of materials, activities, and teaching aids.
2. Related to classroom organization and evaluation.
The following three hypotheses were formulated and tested in
the present study.

Hypothe sis Number One. --There will be a significant difference on a

test of mathematical understandings between the post-test scores of a
group of elementary school teachers who have participated in an in-
service education program and their pre-test scores or the scores of
a similar group who have not participated in the in-service teacher
education program.
Two other questions directly related to this hypothesis were
examined.,
1. What effect, if any, does a pre-test have upon the post-test
scores of teachers on a test of mathematical understandings?
2. What is the relationship of improvement in basic mathematical
understandings to background factors?

Hypothesis Number Two, --There will be a significant difference on an

arithmetic attitude inventory betwcen the post-test scores of a group of
elementary school teachers who have participated in an in-service edu-
cation program and their pre-test scores or the scores of a similar

group who have not participated in the in-service education program,
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The two questions concerning test-retest effect and the relation-
ship to background factors were noted here. The questions were stated
as:
1. What effect, if any, does a pre-test have upon the post-test
scores of teachers on an attitude inventory?
2. What is the relationship of improvement in arithmetic
attitudes to teacher background factors?

Hypothesis Number Three.--There will be a significant difference be-

tween the classroom practices of a group of elementary school
teachers who had participated in an in-service education program and
the classroom practices of a similar group who had not participated

in the in-service education program.

The Research Design

All participants in two of the five mathematics workshops for
elementary school teachers sponsored by the Missouri State Depart-
ment of Education during the second semester of 1963-64 under Title
III, National Defense Education Act, constituted the sample for this
study. A third group.of teachers, who had indicated an interest in
participating in a mathematics workshop but who had not begun the
workshop experience, was used as a control group.

These workshops, specific in-service activities, a part of a

state-wide in-service teacher education program, were conducted in
L}
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the Southeast Missouri State College Service Area by the same mathe-
matics consultant from the Missouri State Department of Education,
To test the three major hypotheses of the study and for the
evaluation of the data relative to the background factors, a variation
of the design referred to by Campbell and Stanley as an expanded
""Recurrent Institution Cycle Design'' was utilized.29 Such a procedure
allowed the researcher to utilize features of both the one-group
"Pre -test, Post-test Design'' and the 'Static Group Comparison De -
sign.,"
For this particular study, the following independent variables
were used:
1. In-service presentation
2. Pre-testing
3. Post-testing
4. Grade level
Dependent variables were:
1. Growth in basic mathematical understandings of elementary
school teachers.
2. Changes in attitudes of elementary school teachers toward

mathematics.

29Donald T. Campbell and Julian C. Stanley, "Experimental and
Quasi-Experimental Designs for Research on Teaching,'" Handbook of
Research on Teaching, ed. N. L. Gage (Chicago: Rand McNally and
Company, 1963), p. 227.
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3. Changes in teacher classroom procedures. 30
The background information furnished by each teacher included:
(1) sex, (2) years of teaching experience, (3) number of credits in
high school mathematics, (4) number of semester hours credit in
college mathematics, (5) number of semester hours credit in college
mathematics teaching methods, and (6) highest degree attained.
Instruments selected or developed for use in the collection of
data were:
1. Teacher Information Form and Problem Census Questionnaire.
2. A Test of Mathematical Understandings (two parallel forms).
3. Revised Form of Dutton Arithmetic Attitude Inventory.
4. Interview Question Schedule and Rating Scale. 31
The analysis of covariance statistical technique was utilized in
the analysis of the data relative to the effectiveness of the in-service

presentation. Pearson Product-Moment Correlation Coefficient was

used in the relationship analyses reported in the study.

III. The Limitations of the Study

It seems pertinent to point out at least three limitations in the

present study. First, the length and number of sessions did not

30For a more detailed explanation of the design, see Chapter III,
pp. 72-112.

315@6 Appendices A, B, C, D, and E for samples of these instru-
ments, '
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permit eitiuer treatment in depth of new concepts or extensive review
of concepts teachers may have had in an arithmetic course for teachers.
Second, since the data used in the study were obtained from one
series of workshops, any generalizations concerning the results and
conclusions drawn were limited by the extent to which the };opulation
represented regional and local groups. Finally, the extent to which
the instruments used measured adequately the effects of the in-service
program was a limitation. Certainly the instruments used in the
study had the inherent limitations of paper-and-pencil tests and inter-
view instruments. As pointed out.-by Glennon, far superior to the
pencil-and -paper test.would be 'the study of the behavior of each
person individually through conversing with him and keeping anecdotal

. . 32
records of his performances on the test items."

IV, Definition _ci Terms

Attitude
Attitude was the term used to refer to the position assumed or
reaction toward the subject of arithmetic that was or was not re-

flected by the participants' behavior pattern.

Classroom Procedures or Classroom Practices

The use of the term classroom procedures, or classroom

32Glennon, op. cit., p. 395.
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practices, in this study was used to refer to the teachers' performance

in the classroom.

Educational Consultant

Educational consultant, as used in this study, referred to a

qualified staff member from the state department of education, a
person possessing special knowledge and experience, who had been
asked by professional groups to work directly with them in providing

assistance in connection with an educational problem.

Elementary School Teachers

The term elementary school teachers was used to identify

persons teaching in grades kindergarten through six.

In-Service Education

The term in-service education, as used throughout this investiga -

tion, referred to those experiences, processes, procedures, and
activities on the part of the employed teacher which were designed to

contribute to professional growth.

Mathematical Understandings

Mathematical understandings, as used in this study, was the term

used to refer to those generalizations about the structure of mathe -
matics which give significance to computational skills, informational

concepts, and logical abstractions.
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Workshop

Workshop was the term used to refer to a particular form of in-
service education designed to help teachers secure new or modified
points of view and to acquire new knowledge, new understandings, and
new techniques for classroom presentation. It involved plc:inning with,

active involvement of, and evaluation by the participants.
IV. Summary

This chapter's chief concern was to orient the reader to the
study. The study was introduced through a discussion on the current
significance of teachers understanding the mathematics which they
teach. The problem was concisely stated and the nature and scope of
the study described. In brief form the procedure for implementing the
study was discussed. Chapter II will review the literature pertinent
to the study. Chapter III will describe the study setting. the teacher
population, and the procedures utilized in pursuing the study. Chapter
IV will present, through tables, figures, and explanatory material, an
analysis of data relative to the study. In Chapter V, a summary will
be presenfed; conclusions and implications for further research also

will be discussed.



CHAPTER 1II

REVIEW OF RELATED LITERATURE

Extensive research into the various aspects of elementary school
mathematics has been reported not only in published and unpublished
research but also in journals, monographs, periodicals, encyclopedias,
professional books, and publications of the government and learned
societies. Several authors have, at various times, presented ex-

haustive reviews of research in The Arithmetic Teacher, The Review

'g Educational Research, and School Science and Mathematics.l At

least three annotated bibliographies also have been compiled. 2

The review of literature pertinent to this study has been or-
ganized under four categories: (l) improving mathematical under-
standings of elementary school teachers, (2) utilizing in-service
education procedures, (3) changing attitudes of elementary school
teachers toward mathematics, and (4) improving classroom procedures

of elementary school teachers with respect to teaching mathematics.

YFor further information see bibliographical entries under the
names of: (1) J. Fred Weaver, (2) Robert L.. Burch and Harold F.
Moser, (3) Glenadine Gibb and Henry Van Engen, (4) Herbert F.
Spitzer and Paul C. Burns, (5) Maurice L. Hartung, or (6) E. G.
Summers.

2See bibliographical entries under Kenneth Brown, William L.
Schaaf, or Guy T. Buswell.
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[. Improving Mathematical Understandings of
Elementary School Teachers

One of the main points of concern with respect to present-day
education has been that arithmetic, a very important branch of mathe -
matics, is failing to provide the solid basis of competence neeced
either for effective citizenship or to move up the path into higher
mathematics. Many authorities believe that success in mathematics
""rests on the foundation built in the first six grades, and an improve -
ment in these grades will allow for a substantial strengthening of the
3

program for the higher grades."

Since the quality of mathematical instruction and hence the level v

of pupil achievement depend, in part, upon the mathematical compe - v

tence of the teacher, a careful preparation of elementary school
teachers in mathematics subject matter becomes an important aspect
of an improved program of arithmetic in the elementary sc‘hool. A
firm grasp of basic arithmetical concepts and processes is essential
to teach arithmetic meaningfully. Teachers cannot teach under -
standings that they themselves do not have."

Few research studies, however, can be found which closely re -

late to the problem of the mathematical competence of the elementary

3J. Fred Weaver, "A Crucial Problem in the Preparation of

FElementary School Teachers,'" Elementary School Journal (February,
1956), p. 436.

4Bean, op. cit., p. 447.
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school teacher. The first known study was an investigation made by
E. H. Taylor in 1938. Taylor administered a test on meanings in
arithmetic to three hundred and thirty-three freshmen at Eastern
Illinois State Teachers College. He found that the group tested was
deficient in both the mechanics and the undérstandings of arithmetic. >

Vincent J. Glennon, in his pioneer study on the growth and
mastery of certain basic mathematical understandings, brought to
light serious deficiencies in the mathematical background of teachers
and also began a needed redirection in the preparation of teachers of
arithmetic. He had difficulty locating a suitable instrument for evalu-
ating the mathematical understanding of teachers and subsequently
developed, as part of his study, an eighty-item test for measuring
basic mathematical understandings. Since that time, this multiple -
choice test, referred to as a "Test of Basic Mathematical Under-
standings,'' has been used by numerous other investigators.

For his study, which attempted to obtain an index of prevailing
conditions within the groups being studied, Glennon used the results
from administering the test to persons at seven different educational
levels (pupils in grades seven, eight, nine and twelve, freshmen,

college seniors, and teachers-in-service). He found that there was no

SE. H. Taylor, '""Mathematics for a Four-Year Course for
Teachers in the Elementary School, ' School Science and Mathematics,
XXXVIII (May, 1938), pp. 409-503.
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significant difference in achievement of basic mathematical under-
standings between teachers' college freshmen and teachers' college
seniors. He also found that the teachers-in-service understood about
fifty -five per cent, or slightly more than one-half, of the total items.
From his data, he concluded ''that significant growth was not being
accomplished by persons at any step of the educational ladder. nb
Glennon's findings supported two other hypotheses:
1. There was no significant difference in achievement of basic
mathematical understandings betwecen a teachers' college
senior who had taken a course in the Psychology and Teaching
of Arithmetic and a teachers' college senior who had not taken
such a course,
2. There was no significant difference in achievement of basic
mathematical understandings between teachers-in-service
who had done graduate work in the Psychology and Teaching
of Arithmetic and those who had not taken such graduate
work. |
In his summary, Glennon suggested that one aspect of a needed
redirection in the training of teachers seemed to lie in the professional

training offered in teachers colleges and schools of education.

6G1ennon, op. cit., pp. 392-393.

TIbid.

——
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This training, as it is usually set up at the present time, con-
sists of a single course in the methodology of tecaching arithmetic
as a '"'tool'" subject. Little emphasis is placed upon the pro-
fessional study of arithmetic as a science of number, as a
system of related ideas, or as a series of number relation-
ships.

His findings also seem to suggest several aspects of needed
redirection in the program of in-service education of teachers of
arithmetic.

Curriculum revision of the professional courses must be con-
cerned with emphasizing the subject matter as well as with the
principles of teaching the subject-matter.

Many investigations have substantiated Glennon's major findings
and conclusions. For example, J. Fred Weaver administered the
Glennon test as a pre-test to four groups of upper -classmen prior to
their taking the course entitled '"Methods of Teaching Arithmetic."
The average score made by the students was forty-four per cent, a
score which did not vary greatly from the average score as noted by
Glennon when he administered the same test.10

For one of the four groups taking the methods course, Weaver
used the test both as a pre-test and as a post-test. When the average
level of student understanding was raised from slightly more than

forty-five per cent to seventy per cent, he noted the gain as significant

and concluded that:

81bid. bid.

0weaver, op. cit., p. 2ol.
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A methods course with proper content emphasis . . . can
result in significant improvement in the students' level of
mathematical understanding.

Bean, working at Stanford University, used the Clennon test for
a comparative study of the mathematical understandings of four hundred
and fifty Utah teachers. The mean score for the Utah teachers was
52.46, or 65.58 per cent of all items, answered correctly. However,
when questioned, 64.57 per cent of the teachers did not think the test
adequately measured the extent of their understandings while 35.43
per cent thought it did. 12

Rodney saw the improvement of pre-service preparation of
teachers as one approach to the improvement of mathematics in the
elementary school. In 1951, he carried out an investigation which
attempted to evaluate the pre-service preparation for teaching mathe-
matics in the elementary schools as offered by the State College for
Teachers at Buffalo, New York.

He developed a forty-item test of mathematical understandings
and administered the test to over three hundred students at the State
College for Teachers at Buffalo. Then, using the nérmative survey

methods of research, he attempted to: (1) analyze the content of the

teacher preparation program at that institution, (2) compile a list of

Hrhiq.

12 56 hn Bean, '""The Arithmetic Understandings of Elementary
School Teachers," (unpublished Ph. D. dissertation, Stanford Univer-
sity, 1958).
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major objectives for the teaching of elementary school mathematics,
and (3) study the conditions existing in three groups (freshmen, seniors,
and classroom teachers) with respect to mathematical understandings.

His findings, which did not vary significantly among the three
groups, supported previous investigations. 13 In summarizing his
study, Rodney saw the need for organizing a program for the pro-
fessional preparation of teachers which would "alleviate, to the
greatest extent possible, apparent deficiencies. nld

He also endorsed a program of in-service education when he said:

An in-service program for the study of the meanings of the
content of the elementary school mathematics should contribute

to an improvement of teaching elementary school mathematics. 15
That the present condition of teacher understanding in arithmetic

leaves much to be desired also was noted by Orleans in a study pub-

lished by the Office of Research and Evaluation, College of the City

of New York. He made '""a systematic effort to ascertain the extent to

which teachers and prospective teachers of arithmetic understand the

arithmetic processes and concepts represented by the short cuts they

teach. nl

Bcecil T. Rodney, ""An Evaluation of Pre-Service Preparation
for Teaching the Mathematics of the Elementary School,'" (unpublished
Ph. D. dissertation, University of Buffalo, Buffalo), 1951, p. 105.

141pid., p. 108. 151bid., p. 107.

16Orleans, op. cit., p. L.
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For his first test, Orleans administered a free-answer type test
to seven hundred twenty-two persons from five different levels: (1)
undergraduates from four colleges, (2) upper classmen who were doing
their student teaching, (3) students in graduate courses in education,

(4) classroom teachers, and (5) other persons.

Then, using many of the responses given, he constructed an
eighteen-item test which was of the multiple -choice type. This test,
designed to measure teachers' understanding of the processes they
teach, included items concerning long division and multiplication, the
meaning of dividing by a fraction, reducing and raising fractions,
remainders, subtraction, and per cent.

After administering the test to three hundred twenty-two teachers
(fifty—t};ree primary teachers, seventy-six upper grade teachers,
sixty-seven junior and senior high mathematics teachers, and one
hundred twenty-six other teachers), he noted that there were '"'few
processes, concepts, or relationships which were understood by a large
percentage of teachers. nl7

While the test was a relatively short one and no attempt was made
to establish validity, Orleans concluded that "it was difficult for this

group of people to verbalize their thoughts when they attempted to ex-

plain arithmetic concepts and processes. 118 e contributed this lack of

171hid., pp. 1-59.

1hid., p. 37.




29
understanding of arithmetic to the rote process which has been so
prevalent in the past,.19

Other individuals have carried out studies directed to the pre-
service level. Of particular interest were Fulkerson's findings with
respect to teaching experience and college classification. Since
students with teaching experience did significantly better than those
without experience and performance became increasingly better as the
level of college classification increased, findings which somewhat
contradicted previous research, Fulkerson suggested further study of
this phase of teacher training. 20

Carroll's study attempted to deal directly with the problem of
teachers' background in mathematics. An evaluation instrument,
which was designed to assess the mathematical background of a group
of prospective teachers, was the primary research tool.

The initial part of the study sought to establish a list of mathe-
matical understandings which elementary teachers should know. To
devise such a list, five series of elementary arithmetic textbooks,
published between 1946 and 1952, were analyzed. -\ panel of sixteen

authorities in the field of mathematics education evaluated the list

191bid.

20EIbert Fulkerson, '"How Well Do 158 Prospective Elementary
Teachers Know Arithmetic?'" The Arithmetic Teacher, VII (March,
1960), pp. 141-146.
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of understandings and the questions which were subsequently devel-
oped. el

Using questions on which there was almost unanimous agreement,
Carroll assembled two eighty-one iten tests which she administered to
teacher-training classes at Wayne State University. After the re-
sulting data were statistically analyzed, Carroll selected items for a
test which she '""hoped would aid in the problem of diagnosing and
remedying inadequate teacher background in mathematics. n22

A study of university students' comprehension of arithmetical
" concepts was carried out by Dutton in 1961. His study was designed to
measure students' understanding of arithmetical concepts as they pro-
gressed through courses designed to teach these processe;. Two
classes, composed of fifty-five prospective teachers, were tested at
the beginning of the semester and again at the end with the University
of California Achievement Test for Sixth Grade, a test covering basic
arithmetical concepts that students are expected to know at the com-

pletion of grade six. 23

ZlE;‘nn’xa Carroll, ""A Study of the “fathematical Understandings
Possessed by Undergraduate Students Majoring in Elementary Educa-
tion, " (unpublished Ed. D. dissertation, Wayne State University), 196l.

22Ibid.

23The appendix of Evaluating Pupils' Understanding of Arith-
metic, pp. 143-148, contains a copy of this test. For full bibliographic
reference, see entry under Wilbur H. Dutton in the bibliography.
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The conclusions drawn were that prospective elementary school
teachers adhered to many arithmetical concepts and procedures learned
in elementary and junior high school. While there were many basic
arithmetical concepts understood by these prospective teachers, the
students often adhered to traditional methods and mechanical procedures
when attempting to explain the following concepts: (1) partial products
in multiplication, (2) placement of quotient figures in long division,
(3) placement of the decimal point in probleins involving decimal
fractions, and (4) understanding of and use of denominate numerals.

Augustine P. Cheney, a graduate student at the University of
California, constructed a fifty-two item test using thirty items from the
instrument prepared by Dutton to measure understanding of basic mathe-
matical concepts. After administering the test to one hundred twenty
teachers in eight selected elementary schools in Ventura and Los
Angeles Counties, he reported that these teachers understood some
aspects of arithmetic but had difficulty with other phases such as place
value, remainders in division, fractions involving multiplication and
division, comparison of decimal fractions, and use of denominate
numbers.

He also compared the mean scores of the primary teachers with

those of the intermediate grade teachers. With a mean score of 29.91

24Wilbur H. Dutton, Evaluating Pupils' Understanding of Arith-
metic, Englewood Cliffs, N. J.: Prentice-Hall, 1964, pp. 54-55.







for the primary group and 38. 74 for the intermediate grade teachers,

he reported the difference as significant well beyond the one per cent

level. 25

Dutton, in a recent publication, called the studyv of Cheney
important for the following reasons:

. . . (1) His careful review of research studies dealing with the
evaluation of teachers' understanding of arithmetic points out
the paucity of studies and valid instruments in this area. (2)
He accentuates the important fact that teachers have difficulties
with certain aspects of arithmetic and that wide differences
exist among teachers. (3) Primary-grade teachers seem to have

an understanding of the simple concepts taught to young children

and have neglected more advanced concepts taught in inter -

mediate grades. 26

Thus, in study after study, the need for teachers to have a better
understanding of the basic concepts of mathematics has been stressed.
Elementary teachers have ''neither the facility in the computation
processes which they are expected to teach nor a firm grasp of the
basic mathematical concepts underlying the processes."

Weaver, in reviewing what he termed a '"'crucial problem' in

education, noted that:

2
“SAugustine B. Cheney, '""Evaluation of Elementary School
Teachers' Understanding of Basic Arithmetic Concepts, " (unpublished

M. A. thesis, University of California, Los Angeles, 196l).

2()Dutton, op. cit., pp. 55-56.

27Doyal Nelson and Walter Worth, '""Mathematical Competence o1
Prospective Elementary Teachers in Canada and United States, The
Arithmetic Teacher, VIII (April, 1961), p. 147.
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Two things stand out clearly from the conditions discussed
thus far: (1) the general level of arithmetic on the part of the
undergraduate in representative teacher-training institutions
is inexcusably low; (2) all too few teacher-training programs
provide appropriate work in background mathematics that could
be definitely helpful in raising the undergraduates' level of
arithmetic scholarship.

II. Utilizing In-service Education Procedures

Increasing standards of pre-service edication have not lessened
the need for continued in-service education. New chapters in the
history of education have been written. Experimental programs have
been tried out in all parts of the country. Some of these experiments
have been pronounced worthless and discarded; others were deemed
good and, therefore, widely adopted, thus influencing aims, methods,
curricula, and course content. As a result, teachers, whether
'"'neophytes' or ''old-timers, " found themselves needing to acquire new
knowledges, new points of view, and new methods.

-

. . . Our rapidly changing culture and its implication for cur-
riculum change, the continuing increase in pupil enrollments
and numbers of teachers, the need for improved school leader-
ship, and the continuous additions to our knowledge about
children and youth and the learning process . . . mean that
professional school people need to work continuously to_keep
abreast of what they must know and must be able to do.

28Weaver, op. cit., p. 258.

2'()Stephen 4. Corey, "Introduction,'" Chapter I, Fifty-sixth
Yearbook of the National Society for the Study of Education, Part I

(Chicago, Ill.: University of Chicago Press, 1957), p. 1.
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That there is a need for programs of in-service education is
rarely contested. Baker, in commenting on the urgency, not only for
adequate and up-to-date preparation of teacher trainees, but also for
the development of means for today's teachers to be cognizant of the
new content and new tools which the technological revolution has pro-
vided for education, said:

Whether a teacher is new to a school system or is an ""old -

"

timer, " whether he is a beginning teacher or one of long ex-

perience, there is need for an effective in-service education
program. . . . The teacher who does not have the opportunities
afforded by an in-service program, in too many cases, soon
becomes antiquated, 30
Actually, in-service education, defined as those experiences
engaged in by the employed teacher during her service which are
designed to contribute to professional growth, does not represent a
new idea. '"'Such activities have been part and parcel of American
education for more than a century. 13l
Programs, designed for contributing to the in-service stimu-
lation and growth of the teacher, have included: (l) the teachers'
institute, (2) the reading circle, (3) the summer school, (4) university

extension, (5) supervision, (6) the teachers' meeting, (7) voluntary

associations, and (8) the workshop.

30T, p. Baker, '"What Is An Effective In-Service Education Pro-
gram?' Proceedings of The Thirty-Eighth Annual Convention, National

Association of Seconda—ry School Principals (Washington: The Associa-
tion, March, 1951), p. 46.

31Corey, op. cit., p. 2.
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Historians are in general agreement that the tcachers' institute,
wholly American in origin, was the earliest form of in-service edu-
cation. Originating at a time when there was a shortage of well-trained
teachers, the institute was said to have been designed to provide
. 3 3 . . . . ’)
intensive additional training for the inadequately prepared teacher.
The nature and purpose of the early institute as described by
Barnard, Page, Sweet, and others was summarized by Horace NMann
when, in 1845, he wrote:
It is the design of a Teacher's Institute to bring together
those who are actually engaged in teaching Common Schools, or
who propose to become so, in order that they may be forimed
into classes, and that these classes, under able instructors, may
be exercised, questioned and drilled, in the same manner that
the classes of a good Common School are exercised, questioned,
and drilled. 33
Thus the institute, teaching content which the prospective
teachers would later teach, served to provide, when well conducted,
instruction in the approved methods of teaching.
Then, shortly after 1900, the institute began to disappcar. Its
value as an agency of in-service education, however, had been recog-

nized. Today it is acknowledged as a forerunner of other improved

practices.

3'ZWillard S. Elsbree, The American Teacher (New York:
American Book Company, 1939), p. 135.

33Teacher Institutes or Temporary Normal Schools, pp. 435-406,

cited by Herman Richey, In-Service Education (Chicago: University
of Chicago Press, 1957), p. 39.
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As normal schools and the evolving teacher.s' colleges came to
require high school graduation for admission to their prograims and as
many of the college graduates moved into teaching, reading circle
courses, conducted by various related state organizations, ca ne to be
recognized as a source from which lists of books on the new movements
in education and on various subjects relating to the profession could be
obtained. Even today, in some states, reading-circle services
continue to be maintained and used widely by teachers.

Other forms of in-service teacher education--the summer school,
university extension, supervision, teachers' meetings, and voluntary
associations~-have all aided in the upgrading of the tecaching staff. 34
It was, however, the Eight-Year Study of the Commission on the
Relation of School and Collége in the Progressive Education Asso-
ciation which brought significance to the workshop movement and

gradually changed the concept of in-service education from that of

-

""upgrading' to '"keeping abreast of a changing world. "33

At one time the main emphasis in the in-service education of
teachers was on bringing up to ""standard'' persons who had
been employed with what was deemed to be inadequate prepara-
tion. There was a certain implication that, once this level was
reached, and suitably recognized either by a degree, a higher

34Elsbree, op. cit., pp. 135-137.

35¢. Glen Hass, "In-Service Education Today," Ch. II. In-
Service Education, Fifty-sixth Yearbook of the National Society for the

Study of Education, Part I (Chicago. Ill.: University of Chicago Press,
1957), p. l6.
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type of certificate, or an automatic increase in salary, the
education of the teacher would be complete. . . . The newer
emphasis is on every teacher continuing to give a certain
amount of time to experiences calculated to lead to personal
and professional growth. 30

The Workshop Idea

Since its inception in 1936, when the first workshop for teachers
was organized at the University of Ohio under the leadership of Ralph W.
Tyler, Chairman of the Department of Education, University of
Chicago, the workshop idea has not only gained acceptance but has been
widely used as one means for the in-service education of teachers. 37
While often differing in type of organization, kind of facilities, length
of operation, frequency of meetings, source of leadership, and
sponsoring agencies, the workshop is thought normally to consist of
opportunities for teachers, under expert guidance, to work on individual
problems while acquiring new knowledge, new understandings, and new
techniques for classroom presentation. 38 This type of in-service
education has appeared in the form of courses offered for credit,

seminars for studying particular problems, clinics, field trips,

testing programs, discussion groups, and curriculum studies.

3é’Commission on Teacher Education, Teachers for Our Times
(Washington: American Council on Education, 1944), p. 19.

3-’,I\/[ary A. O'Rourke and William Burton. Workshop for
Teachers (New York: Appleton-Century-Crofts, Inc., 1957), p. 1.

381bid., pp. 3-4.
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Earl C. Kelley, in his book, The Workshop Way of Learning,

referred to the workshop as an educational method which placed the
responsibility for learning upon the student--a possible means for
""putting into practice the truths that have become known about how
people learn. 139 He also called the workshop an adventure '"'on the
growing edge of the learning process. n40

Mitchell, in a report for the North Central Association of
Colleges and Secondary Schools which attempted to identify the charac-
teristics of the workshop, contended that the workshop idea was a
widespread and generally accepted form of in-service education. 41
However, he found only nine dissertations which were devoted to some
phase of the workshop experience. Three of these studies investigated
the workshop in general, two others considered the contribution of the
workshop experience to classroom practices, another evaluated an
organized program of workshops conducted by a state department of

education, and the remainder described workshops conducted in

specific areas of education or in selected situations.

39Earl C. Kelley, The Workshop Way of Learning, (New York:
Harper and Brothers, 1951), p. ix.

401bid., p. 1.

4lyames Mitchell, "The Workshop as an In-service Education
Procedure,” Report of the Sub-committee on In-service Education of
Teachers of the North Central Association of Colleges and Secondary
Schools, North Central Quarterly, XXVIII (April, 1954), pp. 423-457.

421hid., pp. 424-425,
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An early study concerned with the contribution of the workshop
experience to classroom practices was based on observation of
participants upon their return to their classrooms. Heaton stated
that:
As near as sincere professional appraisals co /ld tell by
using observation guides, there was valid evidence that the
participants return to their classrooms with: (1) recognizable
and notable changes in attitude toward their work and (2) a strong
drive toward doing something about their curricular and in-
structional problems. 43
Improvement in use of materials and in instructional practices
also was observed and attributed to workshop presentation. 44
Forest Mitchell investigated the effect of participation in a work-
shop upon classroom practices. The purpose of the study was to
identify changes that were made in selected classroom practices and
to discover any contributions that participation in a summer workshop
might make. 45
Another of the early studies devoted to the workshop idea was the
investigation carried out by Mode Lee Stone at George Peabody College

for Teachers. Often referred to as the first comprehensive study on

workshops, this rescarch presented an analysis of the total faculty

43Ke-nneth L. Heaton et al, Professional Education for Ex-
perienced Teachers (Chicago: University of Chicago Press, 1940).

441p14.

43F‘or a full report on this study, see page 60,
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workshop technique as it related to the Florida Program of Curriculum
Improvement.

The researcher sought to explore the consistency with which the
procedures and products of the total faculty workshop technique: (1)
met the criteria of a good learning experience, (2) contributed to the
in-service education of teachers, and (3) resulted in better oppor-
tunities for learning on the part of children. )

First, from professional books, current bulletins, dissertations,
and periodicals, Stone assembled a list of sixteen techniques used in
in-service education. Then state departments of education were asked
to respond to a questionnaire on the value of each technique.

In addition, data from two school systems which had participated
in the in-service program for more than one year were also examined.
From this, Stone concluded that there was direct evidence demon-
strating the benefits of this type of workshop.

Another intensive study on workshop participation, according to
many sources, is the one prepared by Mary O'Rourke. In this re-
search, O'Rourke, after reviewing more than 200 references on the in-
service workshop, traced the history of the workshop movement. The

historical account was supplemented with a body of original data

gathered from a questionnaire sent to 261 administrators in 43 states.

46Mode Lee Stone, "An Analysis of the Total Workshop

Technique, " (unpublished Ed. D. dissertation, George Peabody College
for Teachers, 1941),
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In addition, a group of fifty-one elementary teachers in New England
was interviewed and observed in the classroom.

Seeing the in-service education workshop as: (1) an effective
vehicle for cooperatively attacking a problem, (2) a valuable means of
inducting new teachers, and (3) an opportunity for administrators and
teachers to evaluate and retrain their skills, O'Rourke concluded that
the "in-service workshop, one current type of professionafeducalion,
was a positive force in raising the level of teacher education as
testified by teachers and administrator-participants. n48

While it has been nearly twenty years since Henderson reported
a study on the Evaluation of the workshop program directed by the Ohio
State Department of Education, the investigation continues to hold the
unique position of be'11‘1g one of the few known investigations relative
to a workshop program conducted by a state department of education.

Collecting the data over a period of three years (1944-47),
Henderson attempted to evaluate the effectiveness of the workshop
program for elementary school teachers in Ohio by determining the

degree and extent to which the workshop program contributed to

the development in teachers of democratic attitudes toward teaching.

4—"Malry O'Rourke, "The In-service Workshop in Elementary
Education: Its Effect Upon Participants, " (unpublished dissertation,

Cambridge, Massachusetts: Harvard Graduate School of Education,
1954).

8114, p. 9.
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Approximately 1600 teachers, 155 principals, and 26 county, village,
and city superintendents participated in the program. Also, nearly
two hundred consultants, who had served the workshops, were asked
to evaluate the effectiveness of the workshops. Questionnaires,
attitude inventories, and letters of inquiry were used.
The following were included in the findings:

1. Supérintendents, in most cases, had initiated the workshops in
their school systems; few teachers had participated in
planning and evaluating the workshops.

2. Inadequate pre-planning of each project constituted a major
weakness.

3. Most consultants and teachers indicated that the length of time
devoted to each workshop was inadequate.

4. In most instances, the workshop group was too large for
effective work. 49
Hempel and Engle conducted investigations pertaining to the

attitudes of teachers toward in-service programs. Hempel reported
the relationship between the attitude of a selected group of teachers and

their knowledge of the agreement of educational psychologists toward

49Clara Henderson, '""An Evaluation of the Workshop Program
for the In-service Teacher Education directed by the Ohio State Depart-
ment of Education, 1944-1947,'" (unpublished Ph. D. dissertation,
Ohio State University, 1948).
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50

the learning process, Engle's study noted the relationship between

teachers who were identified as "'more open' and their response to
new ideas in educationally significant ways. o1

Robert Anderson reported a three -year cooperative staff study
in the LaGrange (Illinois) Public Schools. The study was concerned
with the influence of the in-service program on teacher test behavior
and classroom procedure,

From a representative saimple of the total staff participating in
the workshop program, the investigator selected thirty-three class-
room teachers and measured some of the influences of the in-service
program upon the group through a series of tests and questionnaires
given to the teachers and their pupils. Data were also gathered through
personal observations in the classrooms and through evaluation
questionnaires completed by the participating teachers.

As a basis for comparison of the differences noted, a control
group of thirty tcachers was selected from neighboring school systems

in comparable communities.

Anderson summarized his findings as follows:

50Carl Hempel, "Attitude of a Selected Group of Elementary /
School Teachers Toward In-service Education," (unpublished Ph. D.
dissertation, University of Connecticut, 1960).

51Harry Engle, "A Study of Attitudinal Change in Teachers and
Administration during a Summer Workshop, " (unpublished Ed. D.
dissertation, Auburn University, 1960).
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1. The experimental group of teachers made numerically higher
but not particularly significant scores on all instruments in the
post-test administration.

2. Two of the seven measures of teacher progress indicated sig-
nificant gains for the experimental group.

3. Teachers who had participated in several years of child study
made slightly higher gains over other LaGrange teachers on
the Purdue Test.

Anderson suggested that teacher attitude and practices can bhe
improved through cooperative and continuous in-service procedures.52

Now, after nearly thirty years of use, the workshop continues to
be one of the most used forms of in-service education. Its history has
been fast moving; its variety has been intriguing. While not a panacea
for all the ills of teacher education, investigators continue to view the

workshop as a useful agency for the in-service education of the

professional staff.

In-service Education for Teachers of Mathematics

Rare indeed were the research studies which the writer was able
to locate with respect to in-service education programs for teachers
of elementary school mathematics. A study by Rudd which included an

in-service aspect, a cooperative in-service study in arithmetic by the

52Anderson, op. cit., pp. 205-215.
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New York Council, an investigation by Procunier on the impact of
Title III, National Defense Education Act, a report Qf rescarch opera -
tions at the University of Texas by DeVault, Houston, and Boyd, and an
investigation by Ruddell and Brown on the effect of three different
programs were the only investigations of this nature which the writer
was able to locate.

Rudd's study had to do with the effectiveness of in-service pro- v
cedures. For measuring teacher growth in mathematical under -
standings, Rudd utilized: (1) the Glennon test, (2) teacher conferences,
(3) teacher questionnaire, (4) teacher summary, (5) classroom
visitation, and (6) teacher opinion check list.

After administering the Glennon test to fourteen groups of
teachers, he asked one group to participate in an eight-session course
devoted to the development of seventy-two arithmetical understandings.
A group who did not participate in the course served as a control
group. Rudd concluded that, while teacher growth may be produced
by means of such practices, the modest gains made by teachers in
mathematical understandings were not large enough to produce a wide
. 53

margin of improvement on test scores. .

He also stated that:

53Lonnie Edgar Rudd, "The Growth of Elementary School

Teachers in Arithmetical Understandings Through In-service Proce -
dures,' (unpublished Ph. D. dissertation, Ohio State University,
Columbus, 1960), p. 109.
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Perhaps the most conclusive evidence of teacher growth was
to be found in the results of teacher summaries. 54

A cooperative in-service study in arithmetic was conducted by the 7,
Central New York School Study Council during the school year of 1949 -
50. The objectives of the study, as stated in the report, were:

. . (1) to explore the place of mathematical meanings in the
teaching and learning of arithmetic and (2) to develop some teaching
techniques through which pupils could be led to gain essential
mathematical understandings and some test items through which
pupil mastery of these understandings could be evaluated. 55

The study involved teachers, principals, supervisors, and con-
sultants in a program which utilized committees at both local and
district level. Meetings were scheduled during school hours, thus
helping teachers feel that the work of the council was a part of their
school work and not an extra burden.

In describing the results of the study, Norem stated:

Teachers and supervisors are understanding arithmetical

processes for the first time and consequently are more interested
56

in teaching them.

541bid., p. 109.

55Richard C. Lonsdale, '"Preface," Developing Meaningful
Practices in Arithmetic, A Third Report to the Central New York
School Stud-; Council prepared by the Committee on Flexibility
(Syracuse, N. Y.: Bureau of School Services, School of Education,
Syracuse University, 1951), pp. viii-ix.

56Evelyn Norem, ''Some Results of Our Working Together to
Improve Learning in Arithmetic, ' Developing Meaningful Practices in
Arithmetic. A Third Report of the Committee on Flexibility, Central
New York School Study Council (Syracuse, N. Y.: Bureau of School
Service, School of Education, Syracuse University, 1951), p. 106.
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DeVault, Houston, and Boyd investigated the relative effectiveness v
of television, television suppleimented by classroom consultant
services, face-to-face lecture-discussion, and face-to-face lecture
discussion supplemented by consultant services as methods of in-
service education for elementary school teachers. These four methods
of in-service education were evaluated in terms of change in teacher
achievement, change in teachers' classroom practices, and change in
pupil achievement and interest. 57

Eighty-nine teachers of elementary school mathematics in grades
four, five, and six in one school system volunteered to participate in
the study. The content for the in-service education program was pre -
pared by the research team from the University of Texas. 'The same
professor of mathematics served as the instructor for all groups.

Conclusions drawn from the results of the study were:

1. Television was as effective as face-to-face lecture discussion
in changing the mathematics and methods understanding
of teachers, in the reaction of teachers to the in-service edu-

cation program, in changing all but one of the nine components

of the classroom practices of teachers, and in changing the

57M. Vere DeVault, Robert Houstor, and Claude Boyd,
Television and Consultant Services as Methods of In-Service Fducation
for Elementary School Teachers of Mathematics (Bureau of
Laboratory Schools Publication No. 15. Austin, Texas: University
of Texas, 1962), pp. 1-102.
™
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maihematics achievement and interest of pupils in classes of

the participating teachers.

2. Consultant services as a supplement to television and face ~to-
face lecture-discussion made a significant contribution in

some situations.

Tests and conferences were the means used to obtain this in-
formation. Both Houston and Boyd completed dissertations related to
aspects of the study. Houston's study had to do with pupil achieve-
ment;59 Boyd studied teacher achievement and reaction. 60

In their suggestions for further research, these researchers not
only suggested educational television as a promising means of in-
service education, but also advised school systems to study the effect
of written materials and test-retest effect upon teacher change in
achievement and in classroom practices. 6l Among the questions sug-

gested for further research were:

58The Bureau of Laboratory Schools, University of Texas, pub-
lished the findings of the major study, Television and Consultant
Services as Methods of In-service Education for Elementary School
Teachers Eg_ Mathematics.

59W. R. Houston, ''Selected Methods of In-service Education
and the Mathematical Achievement and Interest of Elementary School

Pupils, " (unpublished Ph. D. dissertation, University of Texas, Austin
1962).

60Claude C. Bovyd, "A Study of Relative Effectiveness of Selected
Methods of In-service Education for Elementary School Teachers, "

(unpublished Ph. D. thesis, University of Texas, Austin, 1962).

61DeVault,Houston, and Boyd, op. cit., pp. 101-102.
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1. Would written materials and a testing program . . . be as
effective as television or face-to-face lecture-discussion
series in bringing about hypothesized outcomes?

2. Is in-service education by television without testing likely
to be as effective in bringing about specific changes as when
testing is included?

3. What anxieties are produced as a result of the testing program
and to what extent are the outcomes of an in-service problem
restricted by the nature of the test instruments? 62
Procunier, working under the direction of Maurice Stapley,

carried out an investigation which had to do with the impact of Title
III, National Defense Education Act of 1958, upon the arithmetic pro-
grams in the public schools of Illinois.

This researcher, using interviews and an opinion questionnaire,
found that the state supervisory and consultant service, developed
under Title III, had become an integral function of the State Super-
intendent's office. The consultant staff, so he recported, had been of
value to participating school districts through demonstrating worth-
while experiences and assisting in the in-service training of local
staffs. He did, however, note that, even though participants and

supervisory staff found the Title III workshop to be extremely valuable,

there was an over-all lack of utilization. 63

621bid., p. 100.

63Robert Wilford Procunier, '""The Impact of Title III, NDEA
Programs in the Public Schools of Illinois,'" (unpublished Ed. D.
dissertation, University of Illinois, 1962).
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A recent investigation by Ruddell and Brown studied the effect
that three different programs of in-service education had on teachers
and pupils. Mathematics consultants were used in different ways in an
attempt to improve instruction in elementary school mathematics. One
group met with the consultant for one six-hour session during orienta -
tion week. Two other groups were involved in long range programs.
One group participated in ten meetings scheduled at spaced intervals
throughout the year. The third group also had ten meetings but were
served by an intermediary.

Both a pre-test and post-test were used with teachers in all
three groups. None of the groups, so the investigators said, made
impressive gains although the second group made significantly greater

gains than did the third group. &4

III. Changing the Attitudes of Elementary School
Teachers Toward Arithmetic

It has been said often that one of the factors which may limit
the effectiveness of any teacher is his attitude toward the subject he is
attempting to teach. Indeed, there are those who say that fear, dis-
like, and frustration toward a subject build up because of insufficient

challenge, too difficult work, or poor presentation of the subject.

64Arden Ruddell and Kenneth Brown, '"In-service Education in

Arithmetic: Three Approaches,' Elementary School Journal
(April, 1964), pp. 377-382.
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. « . The teacher's attitude is a more important factor than
his formal preparation in his effectiveness. . . . If he is
flexible, willing to try new things, and exercises critical
judgment, he is likely to do well. If he is rigid, resistant to
change, or uncritically for or against, he is likely to do
poorly. 65

Could not an elementary teacher with an inadequate understanding
of mathematics and a genuine dislike of the subject infest a large
number of boys and girls with an enduring fear and hatred to mathe -
matics? While much of the current literature concerning arithmetic
in the elementary school has indicated that arithmetic is a much dis-
liked subject, there is not complete agreement on the effect of the
teacher's attitude.

Dyer, Lakin, and Lord reported a study in which nearly three-
fourths of the elementary teachers interviewed expressed a long
standing hatred of arithmetic. They suggested that:

. e Elementary: school teachers pass through the elementary
school learning to detest mathematics. They drop it in high
school as early as possible. They avoid it in college because it
is not required. They return to the elementary school to teach
a new generation to detest it. 66

Poffenberger and Norton also placed strong emphasis upon the

attitude of the teacher toward the subject. They stressed that one

65Paul C. Rosenbloom, "Mathematics K-14," Educational
Leadership, IX, No. 6 (March, 1962), p. 36l.

66Henry Dyer, Robert Lakin, and Frederick M. Lord, '"The
Teacher, 'f Problems i_nMathematical Education (Princeton, N. J.:
Educational Testing Service, 1956), pp. 7-12.
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teacher's dislike of the subject could destroy favorable attitudes to-

-

. . . 67
ward arithmetic and mathematics.

Any teacher who fears mathematics, who teaches the subject
in a climate of distrust--or who believes that elementary
arithmetic is a set of arbitrary mystical rules to be swallowed
like a distasteful meaicine, is bound to transmit some of these
attitudes to the student.

McDermott, for his doctoral dissertation, used structured inter -
views and the case-study approach to obtain data relative to factors
that cause fear and dislike of mathematics. After interviewing forty-
one students (seven proficient in mathematics and thirty-four who had
been recommended for remedial help by their teacher), he concluded
that ""'most students who have a fear and dislike of mathematics met
with some frustration in the elementary grades. 169

As early as 1951, Wilbur H. Dutton, after obscrving the overt
behavior of university students as he taught methods courses in arith-
metic, secured data pertinent to attitudes toward arithmetic. These

data were obtained through written statements from two hundred and

eleven students. He examined the statements and separated them into

6‘Thomas Poffenberger and Donald Norton, '"Factors Deter -
mining Attitudes toward Arithmetic and Mathematics,"'" The

Arithmetic Teacher, III (April, 1956), p. 114,

681hiq.

69 eon McDermott, '""A Study of Factors that Cause Fear and
Dislike of Mathematics,' (unpublished Ed. D. dissertation, M\ichigan
State University, 1958).



53 -
one of two groups: (l) factors responsible for favorable attitudes or
(2) factors causing unfavorable attitudes.
After studying the findings, four conclusions were drawn:
1. There was a tremendous outpouring of unfavorable attitudes
toward arithmetic.,
2. There was a clustering of unfavorable responses around:
(a) lack of understanding, (b) teaching unrelated to life, (c)
too many pages of word problems, (d) boring drill, (¢) poor
teaching, (f) lack of interest, and (g) fear of making mistakes.
3. University students often came to methods classes with
antagonistic attitudes toward arithmetic.
4. Student reaction often was so charged emotionally that
learning could be affected. 70
Dutton has continued to study the attitudes of prospective teachers
toward arithmetic. In 1954, he reported a second investigation for
which he constructed and evaluated an instrument designed to measure
the attitude of prospective teachers toward arithmetic. The responses
which neérly six hundred students had written over a five-year period
were grouped around forty-five statements. Using a technique de -
veloped by Thurstone and Chave, students were asked to sort the state-
ments using a scale of one to eleven (extreme like to extreme dislike),
Twenty-two statements then were selected for incorporation into the
evaluation instrument.

The instrument was used to test two hundred and eighty-nine

students. No attempt was made to develop a total score or an average

70Wilbur H. Dutton, "Attitude of Prospective Teachers Toward
Arithmetic,'" Elementary School Journal, LVI (October, 1951),
pp. 85-87.
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score for each student, The data, however, were organized into tables
in such a way that positive liking and pronounced unfavorable fecling
could be noted.

Obtaining a reliability of . 94 through a re-test procedure, Dutton
concluded that attitudes can be measured objectively and significant
data can be obtained which will be helpful in the education of prospec-
tive elementary school teachers.

A later study by Dutton, recently reported in The Arithmetic

Teacher, included a revision of the earlier instrument. The original
scale was reduced to fiftecn items and five new sections were added.
A reliability of , 84 was obtained for this revision by test-retest
procedure, )

Dutton administered the revised attitude scale to one hundred
twenty-seven prospective teachers enrolled in classes at the University
of California (Los Angeles). Both favorable and unfavorable attitudes
were expressed by the students, Further study of the findings revealed
that:

+ « «» Liking or diéliking arithmetic is an individual affair. Diag-

nosing students' feelings about arithmetic and planning corrective
measures must be directed toward individual pupils. . . . e

“lwilbur H. Dutton, '"Mcasuring Attitudes Toward Arithmetic, "
Elementary School Journal, LV (September, 1954), pp. 24-3l.

72Wilbur H. Dutton, "Attitude Changes of Prospective Elementary
School Teachers Toward Arithmetic, " The Arithmetic Teacher, IX
(December, 1962), p. 424.
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Also, while he noted that attitudes toward arithmetic of students
responding to the revised attitude inventory were ambivalent, he con-
cluded that they were, when compared with those of the 1954 sample,
almost identical, 73

Perhaps the most outstanding facet of the Dutton studies is the
conclusion that attitudes toward arithmetic, once developed, are
tenaciously held. '"Continued efforts to redirect the negative attitudes
of students into constructive channels have not been very effective. . . .
The best antidote is probably improved teaching in each elementary
school grade. . . . 74

O'Donnell made a study of attitudes of one hundred and ninc
elementary education seniors in Pennsylvania. His findings, however,
were not in total agreement with those of Dutton,

Using the Rex%lmer's "Attitude Toward Any Subject Scale, ' he
obtained scores which were inconsistent with either the students'
expressed like or dislike of arithmetic or achievement scores. 7

Stright also conducted an attitudinal study which involved 1,023

students and 29 teachers. The Dutton Attitude Scale was revised for

731pbid.

741bid.

753, R. O'Donnell, "Levels of Arithmetical Achicvement,
Attitudes Toward Arithmetic and Problem Solving Behavior Shown by
Prospective Elementary School Teachers,' (unpublished Ed. D.
thesis, Pennsylvania State, 1958).
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usec in this study. This revised form, including twenty-five items for
students and thirty-five items for teachers, asked the subjects of the
study to either "'agrece' or ''disagree' with the items presented. From
the data relative to the replies of the tcachers, the following con-
clusions were cited as significant:

1. Ninety per cent of all teachers said that no matter what
happens, they fit arithmetic into their schedule each
day.

2. Ninety-three per cent stated that they really enjoy teaching
arithmetic, while 97 per cent indicated that they thoroughly
enjoy teaching arithmetic. (Several questions were re-
peated in different form as a check; this was one which
varied slightly.)

3. Nincty per cent of the teachers felt that a good teacher should
keep up with modern methods, but twenty-one per cent felt
that they tcach arithmetic well without reading periodicals
and methods books.

4. Seventeen per cent felt that methods of tcaching arithmetic
had not changed in the past thirty years. '

5. All of the teachers agreed that arithmetic is a great-

value, 76

Thus the assertion that arithmetic, when taught by teachers who
dislike the subject, produces some undesirable attitudes has been open
to dispute. The investigations of Dutton and McDermott supported the
asscrtion while the data from studies by O'Donncll and Stright tended
to disagrce. Perhapg a statement in the preface to the material pre-
pared by the School Mathematics Study Group summarizces rather well

the present thinking with respect to the effect of attitudes.

7(—“’Virginia Stright, "A Study of the Attitudes Toward Arithmetic
of Students and Teachers in the Third, Fourth, and Sixth Grades,"
The Arithmetic Tcacher, (October, 1960), pp. 280-286.
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If mathematics is taught by people who do not like, and do not
understand the subject, it is highly probable that pupils will not
like and will not understand it as well. '/

Certainly it is hoped. that the vicious circle can be broken.
Certainly it is hopedjthat a new generation is not being taught to detest
mathematics. Has it not been said that the teacher who enjoys his sub-
ject has the best start in the world?

. « « A goodteacher, a challenging experience and numerous
practical application of arithmetic are highly significant

factors in the development of favorable attitudes toward the
subject. 8

IV. Improving the Classroom Procedures of Elementary School

Teachers in Teaching Arithmetic

Stebhen M. Corey said that the acquiring of ncw understandings
and new attitudes is but a means to an end. '"Improvement of pro-
fessional behavior is the main ob‘jective‘. "79 He stressed this ob-
jective when he wrote that one of the real values of any in-service
leducation is the possibility of helping people to change and grow,

. . . Reading something in a book, discussing it intelligently,

or even memorizing it is completely inadequate. The test
af in-service education is whether it results in better

77School Mathematics Study Group, Number Systems, VI:
Studies in Mathematics (New Haven, Conneccticut: Yale University
Press, 1961), p. i.

78Dutton, op. cit., p. 104.

79Stephen M. Corey, '"Introduction,'" Ch., I, Fifty-sixth Yearbook
of the National Society for the Study of Education, Part I (Chicago,
Il1l,: University of Chicago Press, 1957), p. I.
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learning and in better living experiences for boys and
g{irls.S(T

Yes, the true test of an in-scervice program is how it affects
the behavior of the participants. Did the teachers who participated
change in their classroom procedurcs? Did these teachers relate
some of the new ideas learned to actual classroom instructional pro-
cedures? Were they able to present new content in a way that could be
casily understood?

These basic questions--to what extent did teachers' increase in
understanding of the subjcct and a more favorable attitude toward the
subject result in a change in classroom procedure --are questions open
for investigation,

In the comprehensive study, Television and Consultant Servicces,

by DeVault, Houston, and Boyd, an attempt was madc to ecvaluate the
classroom practices of eighty-seven teachers through the use of pupil
interview technique, Six pupils from one class of each of forty-five
teachers were randomly selected. An interview instrument, a twenty-
seven item questionnaire which was patterned after one used by Shannon
and Wishard for an Elementary School Science Program, was used to
elicit pupil response on the following components: (1) materials, (2)
classroom activities, (3) organization, (4) teaching aids, and (5)

evaluation,

80Robert Gilchrist, "Highway to Quality Teaching,' NEA Journal,
XL (May, 1959), pp. 18-19.
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The investigators noted significant changes in the classroom prac-
tices of elementary school teachers involved in the program, In
addition, they observed that teachers in the face-to-face lecture dis-
cussion group changed more in their manner of using matcrials than
did teachers in the television group. 81

Can teachers grow through in-service education? This question

was asked by Ned Flanders in Educational Leadcrship as he reported

on two recently completed in-service training projects which attempted
to mcasure change in teacher behavior.

The purpose of the study carried out by Flanders and others at
the University of Michigan under Title VII, NDEA, was to incrcase the
flexibility of the teachers' influence and also to increase the use of
those teacher behavior patterns which support pupil participation.
Using tests to sclect tecachers whom they thought would benefit from
such an in-service education program, they hypothesized that a
compatibility between preferrcd patterns of learning and in-service
education procedures would affect the progress of teachers.,

In their conclusions they noted that "very few in-service educa-
tion programs are evaluated with enough care to tell whether or not

the quality of classroom instruction has bcen affected, 182

81I-Iouston, Boyd, and DeVault, "An In-Service Mathematics
Education Program, ' p. 68.

82Ned Flanders, '"Teacher Behavior and In-Service Programs, "
Educational Leadership, XXI, No. 1 (October, 1963), pp. 25-29.
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In the same article, Flanders reported a project in human rela-
tions which was undertaken by Bowers and Soar, The purpose of the
study was to help teachers achieve their own preferred degree of
democratic classroom management by increased sensitivity to their
own behavior, increased sensitivity to causes of pupil behavior, and
greater sclf-direction by pupils working in groups. In their con-
clusions they indicated that "'not all teachers can benefit from this kind
of training. n83

Two studies previously mentioned, one by Anderson and another
by Mitchell, investigated the effect of participation in a workshop upon
classroom practices. Anderson's study, a three-year cooperative
staff study, was concerned with thc'inﬂuence of the in-service edu-
cation program on teacher test behavior and classroom procedure,

Forest C, Mitchell investigated the effect of participation in a
workshop upon classroom practices. The purpose of the study was to
identify changes that were made in sclected classroom practices and to
discover any contributions that participation in a summer workshop

might make. His data consisted of case-study material obtained through .

83N. D. Bowers and R. S. Soar, Studies in Human Relations in
Teaching-Learning Process, Final Report of Co_c;perative Research
Project, No. 469, 1961, cited by Ned Flanders, ""Tcacher Behavior
and In-Service Programs, ' Educational Leadership, XXI, No. 1
(October, 1963), p. 25.

84Andecrson, op. cit.,, pp. 205-215,
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interviews, classroom observation, and daily logs collected on twenty-
seven elementary school teachers. He concluded that the workshop was
a rich experience with many opportunitics for teachers to get the kind
of help solicited. The grcatest change he dctected was in the use of
materials, 82

Other individuals, such as Turner, 86 who studied the problem-
solving proficiency among elementary school tecachers, and Mork, 87
who investigated the effccts of an in-service education program on the
science knowledge of fifth- and sixth-grade pupils, have reported
closely related studies. However, the idea of a tcacher's own learning
being related to effective teaching is a question which must be an-
swered by additional research.

Studics are necded which investigate the changes brought about
in the classroom as a result of in-service education programs,
Case studies, classroom observation, pupil interview technique,
and experimental studies involving prec- and post-testing of both

tcachers and pupils arc but some of the techniques which should
be utilized.

85Forest C. Mitchell, "The Effect of Participation in a Summer
Workshop Upon Selected Classroom Procedures, ' (unpublished Ed. D.
dissertation, University of California, 1951).

6Richard L. Turner, Problem Solving Proficiency Among
Elementary School Tecachers, Part II (Bloomington, Indiana: Institute
of Educational Research, School of Education, Indiana University, 1960).

8-"Gordon M. A. Nork, "Effects of an In-service Teacher
Training Program on Pupil Outcomes in Fifth and Sixth Grade Science,"
(unpublished Ph, D. dissertation, University of Minnesota, 1953).

88DeVault,Houston, and Bovd, Television and Consultant
Services, pp. 99-100.
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Have not good teachers always been recognized as those who
were in the process of scarching for new ideas, new understandings,
and interesting ways to present their subject? DeVault, Houston, and
Boyd said that, while the extent to which this '"'searching and experi-
menting' is related to increased understanding and a more favorable
;ttitude yet remains to be determined, educators may continue to
plan in-service education activities in the belief '"that change does
beget change"'--that professional growth of tcachers can be carried

89

over into classroom procedures.
V. Summary

Investigation after investigation has stresscd the need not only
for teachers ''to grow on the job, ' but also the need for studies
which investigate the effectiveness of various types of in-service
education.

e« « «» Anin-scrvice education program just makes it possible
for the teacher to make better use of pre=-service instruction
and to kecp up with the demands and problems of a changing
society.

There is a need for the critical examination and evaluation of /
in-service programs planned to meet the need of tecachers if more

891bid.

9ODeVault, Houston, and Boyd, Teclevision and Consultant
Services, p. 102.
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efficient in-service education is to contribute to the continucd
success of the American education effort, 91

This chapter on related literature has sought to organize and
summarize the major rescarch development which was considered
relevant to the present study. This review abstracted major studies
which considered the following topics: (1) improving the mathematical
understandings of tecachers, (2) utilizing in-service education pro-
cedures, (3) changing the attitudes of elementary school teachers
toward mathematics, and (4) improving the classroom procedures of
teachers with respect to arithmetic,

~Various sources indicated that an inexcusably large number of
prospective and experienced elementary school teachers simply do not
know as much arithmetic as they should in order to teach it effectively.
They saw the teacher's attitude toward the subject as a factor which .
might limit his or her ecffectiveness. The various states, the many
colleges and universities, and the local school districts were urged
to continue to study and cvaluate the many forms of in-service tcacher
education, '"'Only continuous study and growth will provide tecachers

sufficiently up-to-date to cope with the task at hand. n92

c. w. Phillips, "What are the Characteristics of an Eficctive
In-service Program?'" Issues presented at Thirty-sixth Annual Con-
ference, National Association of Secondary School Principals
(February, 1952), pp. 360-361.

92A. S. Barr, "Teacher Personncl IIl, In-scrvice Education, "
Encyclopedia of Educational Rescarch., A project of the American Re-
scarch Association (New York: Macmillan and Company;, 1950), p. 1421.
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The following chapter will describe the setting for the study, an
in-service education program conducted by a mathematics consultant
from the Missouri State Department of Education, and the procedures
utilized in carrying out the study. Chapter IV will present through
tables, graphs, and explanatory materials the findings from the study.
In Chapter V, findings will be summarized and implications from the

study discussed,



CHAPTER 1III

THE PROCEDURES OF THE STUDY

This chapter is concerned with the procedures which were
followed in carrying out the present investigation, It has been divided
into four sections. The first part of the chapter describes the state -
sponsored workshop in mathematics for elementary school tecachers,
the in-service education program which was investigated in this study.
The sccond section is a report on the population sample used in the
study. It includes a description of the samplec as well as an explanation
of the procedures uscd for assignment of the sample to groups for
purposc of analysis, The third part of the chapter is concerned with
the collection of data. It includes a discussion of the instruments used,
the administration of the instruments, and the preparation of the data
for analysis. A bricf summary concludes the chapter.

I. The State -Sponsored Workshop in Mathematics
for Elementary School Teachers

Fred Weaver, in describing an in-service education program in
Mmathematics for elementary school tcachers, said:

Rare indeed today is the school system that does not recog-
nize a need for in-service education in mathematics for its

65
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elementary teachers, Rare indeed, too, is the school system
that is not sccking some means to satisfy this necd effectively.

The state of Missouri, through an in-service teacher education
program financcd by Title III, National Dcfense Education Act, has
becn able to assist nearly one hundred school systems in satisfying
such a need. This study attempted to analyze the effectiveness of the
1963-64 series of state -sponsored workshops in mathematics for ele-
mentary school tecachers. Specifically, this study attempted to evalu-
ate the effectivencss of one series of state-sponsored workshops in
mathematics for elementary school teachers in: (1) improving basic
mathematics understandings, (2) changing the attitudes of clementary
school teachers toward mathematics, and (3) improving the classroom
Practices of tecachers with respect to the teaching of arithmetic.

Since the inception of the Title III, National Decfense Education
Act Program in Missouri in 1959, the state-sponsored workshops in
Mmathematics for elementary school teachers have been a major aspect
of Missouri's plan for administering this type of financial assistance.
Viewed as one mcans for helping teachers to ""'modernize the content
and upgrade their teaching of arithmetic, né these state -sponsorced

Workshops have been and continue to be important elements in the

ly. Fred Weaver, ""Focal Points,'" The Arithmetic Teacher, X,
No, 6 (October, 1963), p. 359.

2"Elcmentary Mathematics (K-8) In-service Program, ' (Depart-
Mment of Education, State of Missouri, 1963), p. 2. (Mimcographed.)
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in-service teacher education program. Through these mathematics
workshops, teachers have had opportunities to lecarn of new develop-
ments, to examine new materials, and to observe and study new
methods of presentation,

Objectives of Elementary School Mathematics
(K-8) In-service Education Program

A bulletin issued by the State Department of Education sets
forth the following as objectives for the state-sponsored workshops in
mathematics for elementary school teachers:

1. To provide teachers with the opportunity to raise their level
of understanding of the concepts of mathematics and to lay
the foundation for further sclf-improvement,

2, To illustrate through demonstration teaching some of the new
approaches to, and methods of, presenting mathematical
ideas to elementary students,

3. To create an atmosphere of enthusiasm around mathematics
so that tcachers and students alike may enjoy the pursuit
of its excellence,

4, To acquaint the teachers with new teaching aids, manipula -
tive devices and the laboratory approach to the tcaching of
clementary school mathematics.

5, To provide expericnces and materials whereby teachers may
broaden their horizons reclative to experimental programs,
pertinent literature, and extracurricular activities in the
ficld of mathematics. >

Description of the Workshops

These state -sponsored workshops, directed by competent and

Well-trained mathematics consultants from the state department, were

3Ibid., pp. 3-4.
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organized at the request of local school systems or adjoining school
districts. They were open to all elementary school teachers. There
was no fce and no college credit was given,

Each group met for a period of ten weecks, one scssion per
week., The weekly sessions, approximately two hours in length,
were scheduled cither from 4:30 to 6:30 or from 7:00 to 9:00 in the
evening.

The workshop sessions were, for the most part, built around
the lecture ~-demonstration method of presentation. At lcast two
sessions were devoted to the construction of and the demonstration of
exploratory materials deemed vital to the presentation of a well-
rounded mathematics program in the elementary school. In addition,
each participant received printed materials which supplemented the
Oral presentations.

The mathematics consultant also visited the classrooms of
teachers participating in the workshops and, upon request, taught
demonstration classes using modern concepts and some of the newer

approaches to the teaching of clementary school mathematics.

II. The Population Sample Used in the Study

Permission was obtained from the Missouri State Department of
Education to evaluate the effectiveness of the 1963-64 series of state-

sponsorcd workshops in mathematics for elementary school teachers,
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the in-service teacher education program set up by the Missouri State
Department of Education under Title III, National Defense Education
Act.

In order to control as many variables as possible, the popu-
lation from which a sample of two‘ workshops was drawn consisted of
only those state-sponsored workshops in mathematics for elementary
school teachers conducted in the Southeast Missouri State College
Service District by one and the same mathematics consultant during

the 1963-64 school year.

The Workshop Sites

The sample for this study utilized workshops conducted in two
school systems located in suburban areas of a metropolitan city. 4
One school system was the site for the first workshop; the other was
the site for the second workshop, as well as being the school system
from which a third group (used as a control group) was drawn, 5

In this metropolitan area, often referred to as a large diversified

industrial center, are located a number of industrial plants, some the

4In accordance with an agreement between personnel from the
Missouri State Department of Education and the superintendents in the
Participating school districts, no mention will be made of the name of
any particular school system,

5When volunteers from one of the school systems excecded the
Maximum number, it became necessary to divide the group and a
third workshop planned for a later date. This third workshop group,
since it also was made up of volunteers, was used as a control group.
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largest of their kind in the world. Many employees in thesce industrial
plants live in suburban areas surrounding the city. Both school
systems utilized in this study were a part of a network of public
schools which had been set up to care for an expanding population,
The findings of Rogers with respect to a high degree of similarity in
public education in Missouri, irrespective of differing geographical,
cultural, and economic environment, was considered by the investi-
gator as sufficient evidence that this sample did not differ signifi-
cantly from normal.

During the school year of 1963-64, the first school system,
later to be referred to as School System X, had seven elementary
schools with an enrollment of 3500 pupils (grades K-6) and an in-
structional staff of 148 persons assigned to work with children in the

elementary grades. The second school system, referredito-as School

System Y, had nine elementary schools with an enrollment of 7300

-

students and 349 elementary school tcachers, !

Description of Teacher Population

During the first semester of the 1963-64 school year, tcachers

in both school systems were given the opportunity to volunteer to

bWilliam R. Rogers, '""Public Opinion Regarding Selected Public
Education in Missouri, " (unpublished Ed. D. dissertation, University
of Missouri, 1949).

"Data obtained from Missouri School Directory, 1963-64, (Depart-

nent of Education, State of Missouri, 1963), pp. 171-172; pp.181-183,
( Mimeographed. )
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participate in a workshop in mathematics for elementary school
teachers. Omne hundred twenty teachers, or approximately thirty per
cent, of the nearly five hundred and fifty elementary school tecachers
in the two school systems indicated an interest in participating in the
mathematics workshops. Of the teachers who originally indicated
interest in participation, ten withdrew, four attended only the first
session, six did not attend sufficient sessions to obtain in-service
credit, five did not take the post-test, and six returned their papers
with incomplete data. The remaining eighty-ninc tecachers constituted
the population sample for this study. Henceforth, all descriptions and

analyses will be made relative to this group.

Assignment Criteria Utilized

For purposes of analysis, the data concerning the participants
were groupcd according to the following four criteria: (1) school sys-
tem, (2) level of teaching assignment (primary or intermediate), (3)
completion of in-service education program, and (4) testing proccdure.

School system. --The assignment of teachers to either Group A, B, or

C was determinced by the first assignment criterion, school system.
All teachers in Group A were from School System X. The participants
in Groups B and C were from School System Y,

Level of teaching assignment. --The second assignment criterion

utilized had to do with the grade level at which the teachers were
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teaching. The workshop participants in Group A were divided into two

groups, primary and intermediate. The primary teachers were identi-

fied as Group A); the intermediate teachers were designated as Aj;.
G roup B was made up of teachers who were teaching at the primary
level. A third group, Group C, included teachers whosc assignment

was at the intermediate level.

T e sting procedure. --A third assignment criterion was testing proce -

dure. Groups Ay, AZ’ Bl’ and C were tested both before and after the
Se€cond semester in-service education program; those in Group B,, a
randomized sample gf primary teachers from School System Y, were
te sted only at the end of the mathematics workshop. The number of

teachers initially assigned to each group is shown in Table 1, page 73.

Time of participation in the in-service education program. --A fourth

2 S signment criterion was completion of the in-service education
Program during the time of this study. Group C, the control group,

did not even begin the workshop experience even though they had

VOlunteered to participate in a workshop in mathematics for elementary

SChool teachers.

III. The Procedures Usced i_n_tho Collection
o_fData

The specific procedures used in gathering the data for this study

Included: (1) the preparation and use of an information form, (2) the
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TABLE 1

ASSIGNMENT FOR EIGHTY-NINE TEACHERS

UTILIZED IN THE STUDY

Level of In-service Education Control
School Teaching Group Group Total
System@ Assignment Pre -test Pre -test
Yes No Yes No
X Primary
(Group A)) 10 10
Inter -
mediate
(Group A5) 22 22
Sub-total 32 32
Y Primary
(Group B)) 20 20
Primary
(Group By) 15 15
Inter -
mediate
(Group C) 22 22
Sub-total 20 15 22 57
Total 52 15 22 - 89

3In accordance with an agreement between personnel from the
Missouri State Department of Education and the superintendents in the
participating school districts, no mention will be made of the name of

any particular school system.
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construction of, the administration of, and the scoring of a test of
mathematical understandings, (3) the sclection and use of an arithmetic
attitude inventory, and (4) the procurement of and the utilization of a

classroom interview instrument,

The Preparation and Use of

an Information Form

An information form entitled "Teacher Background Information"
was prepared for distribution at the first scssion of each workshop.
This information form requested each teacher to furnish the following
data relative to background information: (1) sex, (2) years of tecaching
expcrience, (3) grade level assignment, (4) highest degree attained,
(5) number of semester high school credits in mathematics, (&) number
of semester hours credit in college mathematics, and (7) number of
semester hours credit in methods of teaching arithmetic.

After the teacher had complcted this information form, the data
for each tcacher were transferred directly from the information shect
completed by the tecacher to a code sheet and subsequently punched
into IBM cards and used in the final analysis.

Years of tecaching experience, --The eighty-nine teachers utilized in the
—————— (=

Study varied widely in terms of teaching experience. The years of

teaching experience for all teachers ranged from none to thirty-five

For examination of this registration form, see Appendix I,
P. 228.
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years, For the total group, the mean was 1l.11 and the standard devia-
tion was 8.7178. Table 2, page 76, presents a summary of the popu-
lation with respect to years of teaching experience.

Mathematics background, --The data concerning the mathematics back-

ground of the eighty-nine teachers has been organized under threc
headings: (1) high school credit in mathematics, (2) college credit in
mathematics, and (3) college credit in methods of teaching arithmetic.
Mean, sta}ndard deviation, and range were obtained on cach item for
each group. Table 3, page 77, shows this information.

Highest degree attained. --The professional training of the eighty-nine

elementary school teachers was described in terms of one of the
following five classifications: (1) less than a Bachelor's degree, (2)

a Bachelor's degree, (3) more than a Bachelor's degree but less than

a Master's degree, and (5) a Master's degree or more. Table 4, page
78, shows the number of teachers by group in cach of the classifications.

The Construction of, the Administration of, and the
Scoring of a Test of Mathematical Understandings

Even though most educators agree that paper-and-pencil tests are
Only one part of a well-rounded program of evaluation in mathematics,
Such tests always have been and probably will continue to be one of the
Mo st valuable means of obtaining evidence of achievement. "They [thc

Paper-and-pencil testé]contribute much useful data to the total program
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TABLE 2

COMPOSITION OF POPULATION WITH RESPECT
TO YEARS OF TEACHING EXPERIENCE®?

School System X School System Y
Years of Teaching

Experience Group Group Total
32 - 35 0 0 1 0 1 2
28 - 31 .0 0 2 0 1 3
24 - 27 0 0 3 1 0 4
20 - 23 1 3 1 1 2 8
16 - 19 0 1 0 5 3 9
12 - 15 0 2 3 2 4 11
8 -11 3 6 0 1 5 15
4 - 7 3 5 2 3 3 16
0- 3 3 5 8 2 3 21
N = 10 22 20 15 22 89
Mean = 8.2 8. 68 12.50 12, 60 12. 54 11,1
Stand.,
Dev. = 5.20 8.15 11.00 8.14 8.31 8.7

2The decision to use nine intervals was based on a statement by
Noll in which he said that the interval used for frequency distribution
Should be of "such a size as to give a distribution containing not less
than eight nor more than sixteen intervals." Since the years of
teaching experience ranged from none to thirty-five years, an interval
Of four established nine categories. For further information, sece
Vi(:t:or Noll, Educational Measurement (Boston: Houghton Mifflin
C ompany, 1957), pp. 393 402.
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TABLE 3
CENTRAL TENDENCY AND VARIABILITY

OF MATHEMATICS BACKGROUND
FOR POPULATION SAMPLE

Background Standard

Factor Mean Deviation Rang

High School Credit
in Mathematics

Group Aj 2.8 4,40 2 -3
Group A 2.8 1.09 1 -4
Group B) 1.7 2,61 1 -4
Group B> 2.5 6. 60 - 1 -4
Group C 3.0 1.07 1 -4
College Credit in

Mathematics?@
Group A 2.1 1.1 2 -3
Group A, 6.0 1.30 0 -14
Group B 3.4 3.50 0 -6
Group B 2.4 1.3 0-6
Group C 3.0 1.09 0 -6

Coliege Credit in

Mcthods of Teaching

Arithmetic?
Group A 2.9 1.8 2 -3
Group A, 3.1 1.46 0-6
Group Bj 2.8 3.94 0 -6
Group B, 2.4 .71 0-6
Group C 2.13 3,10 0 -6

2The mathematics preparation in college is expressed in
Semester hour credits,
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TABLE 4

COMPOSITION OF POPULATION BY
HIGHEST DEGREE HELD

School System X School System Y
Degree
Held Group Group Total
More than Master's
degrce 0 2 1 0 5 8
Master's degrec 0 1 0 0 0 1

More than Bachelor's
degree but less
than Master's
degree 9 5 18 10 4 46

Bachelor's degrec 1 13 1 5 12 32

Less than Bachclor's
degree 0 1 0 0 1 2

Total 10 22 20 15 22 89
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of evaluating mathematical learnings, " 9 With these ideas in mind,
the writer, for the initial part of this investigation, sought to find a
papcr-and-pencil instrument for evaluating the mathematical under-
standings needed by elementary school teachers,
For guidance, the investigator turned to the major reference work

on tests and test reviews, the scries of Mental Measurements Year -

books, and a publication of the National Council of Teachers of Mathe -

. . . . . 0
matics, Mathematics Tests Available in the United Statvs.1

The first reference, one of the most important sources of in-
formation with regard to tests, is, up to now, a five volume publica -
tion, Each yearbook includes reviews of tests published during a
specified period, thereby supplementing rather than supplanting carlier
yecarbooks, 11

An examination of the arithmetic tests cited in anv of the pre-
viously mentioned references revealed that no test commonly used at

the present time contained more than a few items designed to measure

mathematical understandings.

9Noll, op. cit., p. 3.

1OSheldon S. Myers, Mathematics Tests Available in the United
States., A bulletin to the National Council of Teachers of Mathematics,
Prepared by the Secondary School Curriculum Committee (Washington:
The Association, 1959),

11 . . .
For further information concerning these ycarbooks, sce the

bibliographical entries under Oscar Buros,
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This was not surprising since, in recent ycars, many writers

have stressed the lack of adequate testing instruments for evaluating

mathematical understandings. As ecarly as 1932, Butler wrote:
It is certain that, in the domain of published tests, the specific
testing for master of mathematical concepts understandingsj

has received scant attention.

Brownell, an outstanding authority in the field of elementary

school mathematics, noted that:

« « . Exceedingly little has been done cither informally or
systematically to find practical and valid procedures for

evaluating the outcomes under the heading above [ mathematical

understandings | . 13

Collicr, in his doctoral dissertation at Ohio State University,

stated that:

Evaluation of important mathematical outcomes has not kept

pace with instruction in arithmetic., Standardized tests

commonly used measure mainly computational skill,
There is a definite neced for more systematic and comprehensive

research relative to cvaluating the newer outcomes of arith-
14

metic instruction,

12¢. n. Butler, '""Mastery of Certain Mathematical Concepts at
the Junior High School, ' Mathematics Teacher, (March, 1932), pp.

117-172.

Bwilliam A. Brownell, "The Evaluation of Learning in Arith-

Mmetic,'" Arithmetic in General Education. A Report of the National

Council Committee on Arithmetic, Sixteenth Yearbook of the National
Council of Teachers of Mathematics (New York: Burcau of
Publications, Teachers College, Columbia University, 1941), p. 247.

14Calhoun C. Collier, "The Development of and the Evaluation
of 5 Non-Computational Mathematics Test for Grades 5 and 6,"
(ul‘lpublished Ph. D. dissertation, Ohio State University), p. 43.
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Van Engen contended that much attention has been given to
teaching arithmetic meaningfully, but not nearly enough research has
been carried out in the area of testing for meaning, 15

Glennon, while conducting one of the most significant studies in
the field of mathematics education, found it necessary to develop his
evaluation instrument.16 Since that time a number of rescarchers
have used the Glennon test when conducting investigations pertaining
to mathematical understandings. However, when the writer sought
information and permission to use the test, Glennon wrote:

If I were building the test today, it would be a somewhat
modified test and, I think, a somewhat improved test. You may
wish to use some of the items and replace others with itens of
your own to obtain a better coverage of thel_f)rcsont—day
elementary school mathematics program,

When the review of literature and testing instruments indicated
that, at the present time, there were no published tests available for
measuring many of the important mathematical concepts or under-
standings, it became necessary to develop a pencil-and-paper test

which could be used for evaluating the mathematical understandings of

teachers both at the pre-service and in-service levels,

15Henry Van Engen, "A Summary of Research and Investigation
and Their Implications for the Organization and Learning of
Arithmetic,'" Mathematics Teacher, XLI (October, 1948), pp. 260-265,

1(’Glcnnon, op. cite, p. 7.

Letter from Vincent J. Glennon, Director, Arithmetic Studies
chter, Syracuse University, Syracuse, N. Y., October 8, 1963.



82
It was Lindquist who wrote that preparation of an educational
achievement test includes five major steps: (1) planning the test, (2)
writing the test items, (3) trying out the test in preliminary form and
/
assembling the finished test after tryout, (4) preparing the directions
for administering and scoring the test, and (5) rcproducing the tcst.18
Other writers, even though their idcas were somewhat similar, have
organized these steps in various ways. Noll proposed four steps: (1)
Planning the test, (2) constructing the test, (3) using the test, and (4)
e valuating the testing instrument. 19 The procedure, however,
fo llowed in the construction of this paper-and-pencil test was a
m odification of the procedure as proposed by Lindquist.

In this particular study, planning involved not only the
Preparation of an outline or blueprint specifying the content to be
Covered by the test, but it also involved careful attention to types of
ite ms, to provision for revicw, to arrangements for tryout, to item
difficulty, to problems of test reproduction, and to interpretation and
USe of test results. Determining test objectives and preparing an out-

line of content, however, were the first steps to receive consideration,

Dete rmining test objectives. --Preliminary to actual test construction,

the person attempting to develop an evaluation instrument must decide

UPOn the purpose of objectives of the test,

185, F. Lindq:uist (ed.), Educational Measurement, (Washington,
American Council on Education, 1951), p. 19.

D. c.

9Noll, op. cit., p. 3.
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. . . No single test . . . can measure all objectives; he, the
testmaker, must choose from an adequate list of objectives
those which he will attempt to measure , , . and then formulate
his teaching and measurement program on the basis of the
objectives sclected, 20
Often a statement of objectives has been worked out by com-
mittees or groups and the resulting formulation generally represents
the best and most forward-looking ideas that the group can produce at
that time.
Support for using such a list to serve as a basis upon which to
build a test was discussed by Collier. He quoted a statement from
G reene, Jorgenson, and Gerberich which read as follows: '""Reports of
na tional committees and the writings of subject and test specialists
often serve as good guides to content in cducational test construction."21
One list which the writer found most helpful was a list of under-
Standings in elementary school mathematics prepared by Brownell, 22

Though prepared scveral ycars ago, this list continues to be

Widely quoted by authorities. And, while changes have been and are

20Noll, op. cit., p. 96.

2lCalhoun C. Collier, "The Development and Evaluation of a Non-
Cc)l’nputational Mathematics Test for Grades 5 and 6, " (unpublished
Ph, p, dissertation, Ohio State University, 1956), p. 47, quoting
Harry A. Green, Albert Jorgensen, and J. Raymond Gerberich,
Iv[efa.surement and Evaluation in the Elementary School, (New York:
LOIlgmans Green and Company, Inc., 1953), p. 68.

22illiam A. Brownell, "The Evaluation of Learning in
Arithmetic, '"" Arithmetic in General Education, The Sixteenth Yearbook
Of the National Council of Teachers of Mathematics (New York:
Teachers College, Columbia University, 1941), pp. 231-232.
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being made in the mathematics program in the elementary school,

there is almost unanimous agreement that today's program is made up

of more mathematics new to the elementary school than new mathe -

rmatics.,

The objectives which were grouped under the heading of mathe-

matical understandings were:

1.

7.

Meaningful conceptions of quantity, of the number system, of
whole numbers, of common fractions, of decimals, of per
cents, of measurcs, etc.

A meaningful vocabulary of the useful technical terms of
arithmetic which designate quantitative ideas and the rela-
tionships between them,

Grasp of important arithmetical generalizations.
Understanding of the meanings and mathematical functions

of the fundamental operations.

Understanding of the meanings of measures and of mecasurements
as a process.

Understanding of important arithmetical relationships, such
as those of which function in reasonably sound estimations
and approximations, in accurate checking, and ingenious and
resourceful solutions.

Some understanding of the principles which govern number

-

relations and computational procedures,

De termining test content, --The sccond step in planning the test was

the outlining of the content to be covered by the test. Actually, the

Problem of selecting the content to be covered in the test was chiefly

One of determining the arithmetical concepts or mathematical under-

Standings most commonly taught in the clementary school. This was

aCcomplished through an examination of recently published arithmetic

231hid. , p. 231.
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textbooks and experimental materials. 2} Detailed study of articles or
books recently published by Schaaf, 25 Newsom, 26 Mueller, 27 and
Brumfiel also proved helpful. 28
After developing the list of important mathematical concepts, it
became necessary to organize these understandings under appropriate

headings. The writer found a summary which Grossnickle had adapted

from a section of Growth of Mathematical Ideas, the Twenty-fourth

Y earbook of the National Council of Teachers of Mathematics, very

helpful for developing a framework around which to organize the list

of mmathematical understandings.zc)

24 list of the materials used for this examination is included
in _Appendix H, page 226.

255ack N. Sparks, "Arithmetic Understandings Needed by
Elemcntary-School Teachers,'" The Arithmetic Tecacher, VIII
(December, 1961), pp. 395-400, quoting W, L. Schaaf, "Arithmetic
for Arithmetic Teachers,' School Science and Mathematics, III
(October, 1953), pp. 537-555.

26C. V. Newsom, '"Mathematical Background Needed by Teachers

of A rithmetic,' The Teaching of Arithmetic, Fifticth Yearbook of the
Na tional Society for the Study of Education, Part II,

27Francis J. Muecller, "Arithmetic and Teacher Preparation, "

m Mathematics Teacher, LII (November, 1959), pp. 572-573.

28’Charles F. Brumfiel, Robert E. Eicholtz, and Merrill Shanks,
Fundamental Concepts of Elementary Mathematics (Reading,
Ma ssachusetts: Addison-Wesley Publishing Company, 1962).

29A list of the important mathematical understandings may be
found in Appendix J, page 228.
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The following are key ideas or important strands in mathematics
included in the summary by Grossnickle. 30

1. Numerals and numeration systems

2. Principles underlying numbers

3. Relationships and generalizations

4, Measurement and approximation

5. Estimation and proof

6. Symbolism

7. Rational numbers

8. Gecometry

The next step was the formulation of a blueprint or outline of

th e specific content to be covered by the test. Many authorities believe
that content outline and statements of objectives represent two
dimensions into which a test plan or blueprint must be fitted., "These
two dimensions nceded to be fitted together in order to give a complete
framework and to decide upon the relative importance given to the
S€ veral content areas and objectives, w3l

The distribution of items for the tests of mathematical under -

St3*’3-1'1dings, both according to content and test form, is shown in Table 5.

——

30 . . .
Foster E. Grossnickle and Leo J. Brueckner, Discovering

l\"'I&Jﬁ.ngs__i_r_1 Elementary School Mathematics (Philadelphia: Holt,
Rinehart and Winston, Inc., 1963), pp. 10-14,

3

'Noll, op. cit., p. 98.
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TABLE 5
DISTRIBUTION OF ITEMS ON TEST OF
MATHEMATICAL UNDERSTANDINGS

ACCORDING TO TEST FORM AND
TEST-CONTENT OUTLINE

Test-Content Outline Number of Items

Form A Form B

10,

Numerals and Numeration System 10 10
Symbolism (including introduction to scts) 2 2
Concept of Sets (including mathematics sentences) 6 6
Principles Underlying Number Operations 6 6
Relationships and Generalizations 5 5
Operations with Whole Numbers 11 11
Estimation and Proof 1 1
Measurement and Approximation 1 1
Geometry 4 4
Rational Numbers 9 9
Total 55 55
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Developing the test instrument, --A review of the literature was made

in order to gain information concerning the construction of good tests,
It was found that various writers in the ficld of tests and measurements
have issucd statements or developed criteria of a general nature for
the construction of tests, The suggestions for item writing which

Lindquist included in Educational Measurement proved most helpful as

the writer began to consider the construction of objective test items,
T he following were included in a list of suggestions made by Lindquist.
1. Express the item as clcarly as possible,
2. Choose words that have precise meaning wherever possible.
3. Avoid complex or awkward word arrangements,
<, Include all qualifications needed to provide a reasonable
basis for response sclection.
5. Avoid unesscntial specificity in the stem or the resp‘onses.
6. Avoid irrelevant inaccuracics in any part of the item,
7. Adapt the level of difficulty of the item to the group and
purpose for which it is intended.
8. Avoid irrelevant clues to the correct responses.
9. In order to defeat the rote-lcarner, avoid stercotyped
phrascology in the stem or the correct responsec.

10, Avoid irrelevant sources of difficulty. 32

®Lindquist, op. cit., pp. 213-227.
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Even though there are many forms of test items in gencral use--
e ssay, true-false, short answer, matching, and multiple -choice--
rmost authoritics indicate that the multiple -choice item, consisting of a
stem, which may be an incomplete statement or a direct question,
followed by two or more alternatives or possible answers, is the
""most valuable and the most generally applicable of all types of test
exercises. n33
Since the purpose of this particular test was to determine the
extent of understanding in certain arcas of elementary school mathe -
matics and these understandings called for inferences, judgments,
genec ralizations, and noting relationships, it was felt that these under-
standings fitted into categories which Hawkes said were tested by the
mul tiple-choice items.,
The multiple -choice type of test can be made particularly
¢ ffective in requiring inferential reasoning, reasoned under-
Standing, sound judgment and discrimination on the part of the
Student; it is definitely superior to other types for these
Purposes.
Several sources suggested specific principles for test con-

Structijon with respect to multiple-choice items., Some of these

Principles were:

33Noll, op. cit., p. 130,

34E. F. Lindquist, Educational Measurement (Washington: The
Ame rican Council on Education, 1951), p. 249, citing The Construction

and Usc of Achievement Examinations, p. 138.
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1. The stem of a multiple -choice item should clearly formulate
the problem.
2. All the options should be possible and plausible answers.
3. The stem should not be loaded down with irrclevant material,
4, One choice should be a best answer, but the others should
appcar plausible to the uninformed.
5. The writer should beware of cluecs from the length of the option.
6. Irrelevant grammatical cues should be avoided.
7. The best or correct answer should be placed equally often in
cach possible position,
8. Choices should be in parallel form whencver possible.
9. The choice of an item should come at or near the end of the
sentence.
10. The number of choices in multiple -choice items should be at
lcast four. 3

Erit\ing the test items, --Using the list of understandings, test items

of the multiple -choice type, items which might be uscd in evaluating
the Mathematical understanding of elementary school teachers, were
COnstrycted., As these items were constructed, they were recorded
N cards and filed under one of the eight categorics around which the
list of understandings was organized. Since permission had been

Obtained to use any or all items in the Glennon test, some twenty -two

35Noll, op. cit., pp. 129-134.
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o f his items were included in the pool of items which was placed on
< ards. The objective here was to construct a pool of test items from
= hich one hundred and ten of the best questions could be selccted and
& ssembled into two experimental tryout forms of fifty-five items cach,

S electing the best items. --When it was felt that a sufficient number of

items had been formulated, attention was turned to the problem of
s electing the best items which could be assembled into the two equiva -
lent forms. 6 Each test was to contain one or more items for each of
. . . 37
the ten categories in the Test Content Outline, Form A and Form B
o f the test, each form consisting of fifty-five items, were developed,
Except for the first few items in ecach test, no effort was made to ar-
range the items in order of difficulty. A set of test directions using
simple, clear language was also preparcd.
After items for the two comparable forms of the test were

a ssembled, scveral sets were reproduced for review by persons con-

. . 38 .
Sidcred to be competent judges, One person was asked to review

the items from an editorial standpoint, two tcst technicians were asked

to review the items from the technical point of view, and five persons

36

The procedure used in test for equivalence of form is ex-
Plained on page 96.

37The distribution of items both according to test form and test
©utline is shown in Table 5, page 87.

3’SThe names and addresses of the judges arc listed in
Appendix 1.
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~= ere asked to review the subject-matter. Comments and suggestions
o £ the judges were utilized in revising many of the items in the try-out

forms.

A dministering the tryout forms. --After the test items had been writ-

ten, reviewed by a team of experts, and revised on the basis of their
S uggestions, it became necessary for the test items to be tried out
e xperimentally on a sample of examinecs "as nearly like the popu-
lation with whom the final form of the test was to be used as reasonably
Ppossible. n39

As a pre-tryout, the preliminary form of the test was ad-
ministered to approximately fifty elementary school teachers enrolled
in a graduate course in ""Problems in Teaching Arithmetic.'" These
teachers, whose experience ranged from none to over thirty years,
worked, two or three to a group, and informally discussed the various
items as they took the test. Their questions and comments con-
Cerning ecach item were recorded by the test constructor. Ambiguous
A nd cumbersome items were noted. Some respondents crossed out
Words and rewrote the questions in what they believed to be clearer
A nd more concise language.

Next, on the basis of the data obtained in this pre-tryout, items

Weare revised, deleted, or left unchanged. Two parallel forms of the

9 Lindquist, op. cit., p. 250,
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test were prepared, Lindquist says that if, "in developing equivalent
forms of a test, each form is built to conform to a detailed set of
s pecifications, while at the same time care is taken to avoid identity

O r overlapping of content, the two resulting test forms should be truly

e quivalent, 40 A further check of equivalency was made by examining

item correlations within and between the two test forms.41

For the trial administration, each form of the test was given to
a group of fifty students who were majoring in elementary education
and enrolled in a college course, Technique of Teaching Arithmetic,
at Southeast Missouri State College, Cape Girardcau, Missouri,
Form A was given during one class period and Form B on the day

following. This trial administration, as Lindquist states, scrved to

42
'"'indicate how the test would function in actual use, '
Since the test constructor administered the test, it was not

necessary to prepare detailed directions for the test examiner, On

the first page of each test, however, were directions for taking the

test and a sample test itom.43

There was no time limit to the test; however, each student was

A sked to record the time he completed the test on his answer sheet,

40Lindquist, op. cit,, p. 575.

4 . . . . ,
1For details concerning this test for equivalency, see page 96.

42Lindquist, op. cit., p. 250.

4:‘}See Appendix B and C, pp. 183-203.
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"X his information was helpful in determining appropriate time for the
f1i nished test.

In the scoring of the test, one point was allowed for each correct
a nswer, If the student marked more than one choice, even though one
o f the choices was the right answer, the item was considered to be
a nswered incorrectly., All work was checked by a person other than
the original scorer in order to minimize errors.

Correction was made for '"guessing'' or chance success through

the use of the following formula:

S =R - W
n-1,
where S = the score,
R = the number of correct responses,
W = the number of incorrect responscs (cxcluding omitted
items),
_ . 44

n = the number of choices.,

« « « Because correction for chance success often makes test
scores easier to interpret, the Wr1terLL1ndqulst1 is m( llned to
urge its use for almost all educational purposes. . .
The data obtained through the administration of the tryvout forms
Of the test were recorded on IBM work sheets and punched into IBM
S a rds for later use in: (1) computing the coefficient of reliability, (2)

determining equivalency of test forms, (3) studying difficulty index,

2 nd (4) determining the discriminating power of the individual items,

*4Lindquist, op. cit., p. 365. 451pid.
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An arithmetic mean and standard deviation were computed for
1> oth forms.

S tudying the tryout tests. --It has been said that all good measuring

1 nstruments have certain qualities in common. While such character-
i stics as objectivity, ease of administration, ease of scoring, and easc
of interpretation are important, the two primary qualitiecs most agreced
upon are reliability and validity.
A test which lacks a known and satisfactory degrce of thesec
principal qualities is not a measuring instrument in any true
sense, and little or no dependence can be placed upon results
obtained by its use,
Reliability, --Often, it is customary to think of validity as the most
important quality of a test and to discuss it first, It was Noll, how-
ever, who said that "'since reliability is essential to validity and thc
opposite is not so, there is somecthing to be said for placing reliability
; n47
at the head of the list,
Reliability of measuring instruments is usually determined by
One of three methods: (l) self-correlation, (2) correlation of
equivalent forms, and (3) split-halves corrclation, Since two
©quivalent forms of the test were available, the reliability for the

two measuring instruments developed for use in connection with the

P resent study was determined by correlating the scores made by the

46Noll, op. cit., p. 66.

4Tmhid. , p. 67.
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f3 fty college students on the two cquivalent forms of the test, For
purpose of analysis, Form A was referred to as X and Form B rc-
ferred toas Y. Pecarson Product-Moment Correlation Coefficient
\was used. The correlation coefficient between the two forms of the test
was found to be .87, This correlation cocfficient, indicative of a high
Prositive relationship between the two sets of scores, also was sig-

‘o . 48 s
riificant at the five per cent (.05) level. Such a degrec of reliability
is considered adequate by most test specialists.

Desirable reliabilities differ according to purpose. Where a
test is intended only for use in studying groups, a lower re-
liability and coefficient (around .75) may be sufficient to make
fairly accurate comparisons. Where individual differcnce is

the goal, reliability of .95 or higher is very desirable. 49

Equivalency of forms, --The problem of preparing truly equivalent

forms was, according to Lindquist, '"a problem in the logic and

. . 50
Practice of test construction, ' He stated that the best guarantece
for equivalency of two test forms is the preparation of a complete and
detailed sct of specifications for the test in advance of any final test

construction, 51

48When a table of the "Values of the Correlation Cocfficient for

Different Levels of Significance' (df = n-2) was consulted, it was
noted that, with fifty cases, any correlation of ,280 or highcr was
Significant at the .05 level and any correlation of . 363 or higher was
Significant at the ,0l level, For further information, sce Allen L.,
Edwards, Statistical Methods for the Behavioral Sciences, (New
York: Holt, Rinehart and Winston,__l-c)t')l), p. 147,

4
c)Noll, op. cit., p. 73.

50Lindquist, op. cit., p. 575. Slibid., p. 575.
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If each test form is built to conform to the outline while at the
same time care is taken to avoid identity or detailed overlapping
of content, the two resulting forms will be truly equivalent. K
A further check upon the degree of equivalency was made by
examining item correclation within and between the two test forms.,
X .indquist says that "'on the average, these should be equal."53
Both Form A and Form B of the tests used in connection with
this study were sub-divided into two halves (odd-numbered items and
even-numbered items); alternate halves were uscd to obtain correla -
tions among the resulting six scores.

McNemar suggested that the following t-test, which takes into

account the relationship between the pairs of r's, be used:

(N =3) (1+71,3)

t = (rIZ - r13) . > >
2 (l-rlz"-rl3 -rpe +2r12rl3r23)

where ryp = odd and even-numbered items, Form A, with odd and
even-numbered items, Form B,

ry3 = even-numbered items of both forms and odd-numbered
items of both forms, and

ry3 = cven-numbered items, Form A, and odd-numbered
items, Form B, with odd-numberedSi_icms, Form A,
and cven-numbered items, Form B,

521bid., p. 575.

531bid., p. 576.

54N, M. Downie and R. W. Heath, Basic Statistical- Mcthods.
New York: Harpers and Brothers, 1959, pp. 145-146, quoting Q.
McNemar, Psychological Statistics, New York: John Wiley, 2nd ed.,
1954,
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The resulting t (1. 02), with 47 (N-3) degrees of freedom, was not
significant at the .01 level, 55 Hence, since there was no significant
difference in the correlation coefficients, the two test forms could be
viewed as cquivalent,
Validity. --It has often been said that a test can be adequately reliable
and still not be valid., Bean, in distinguishing between validity and
reliability, said:

The validity of a test refers to its accuracy with reference to
the particular trait it is intended to mecasure, whereas reliability
refers to the consistency with which it does so, 5

Noll has said that the validity of a test may be elucidated by

such questions as:
1. What does this test actually measure?
2. To what extent does it measure this particular ability or
quality?
3. In what situations or under what conditions does it have
validity? >’
There are several widely accepted methods of determining the

validity of mcasuring instruments. Many authoritics classify them

55 = 2.8l at . 01 level.

56Kenneth L. Bean, Construction of Educational and Personncl
Tests (New York: McGraw Hill Company, Inc., 1953), p. 15.

>TNoll, op. cit., pp. 73-74.
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vinder three categories: (l) curricular validity, (2) logical validity,
and (3) statistical or empirical validity. >8

The validity of the tests used in this study was established in
terms of their curricular validity. Since the tests were: (1) designed
around a specific list of understandings, (2) analyzed by a jury
composed of mathematicians, psychologists, and professors of ele-
mentary education, (3) examined and studied by experienced class-
room teachers, and (4) scrutinized as to form of items, curricular
or content validity could be assumed. Noll said that such a method of
designing the test was, in itself, a validating procedurec. >9

Item analysis. --Another technique employecd as a measure of validity

was the determining of the difficulty index and the discriminating
power of individual questions or items.

The first of these, the difficulty of the item, is the proportion
of individuals who answer the item correctly while the discrimination
index is a measure of how well the item separates two groups.

« + » When item-discrimination is used as a mecans of establishing
validity, the test, which is in this casc the criterion of validity,
is assumed to have curricular validity because it measures

what it purports to measure. The second assumption that the
scores on a particular valid item agree with scores on the

whole test is tested by comparing results on a given test item
with scores on thc whole test. Since the testis assumed to be
valid, an item which agrees with the test is valid. That is, an

58Noll, op. cit., p. 74.

591nid,
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item which is answered correctly by a higher proportion of those

who make higher scores on the test than those who do poorly on

it is functioning in a manner consistent with the scores on the

whole test. 60

Most sources identify two general ways of demonstrating item
discrimination: (l) a test of the significant difference between two pro=-
portions and (2) correlational techniques., In the first method, the
one chosen to use in this study, the per cent or proportion of individ-
uals in the high group who answered the item correctly was tested
against the proportion of individuals in the low group who answered
the item correctly, If the difference was a significant one, the item
was accepted as being one which discriminated.

For this study, the scores obtained by the tryout group were
arranged in numerical order. Then, for the item analysis, the high-
est fifteen papers and the lowest fiftcen papers were studied. Using
a chart produced by Guilford, a four-fold coefficient or phi was read
directly when the chart was entered with the per cent answering the

item correctly in the upper and lower groups.

0Noll, op. cit., p. 149.

6lpor this chart, it was not necessary for the high and low
groups to be based exactly upon the upper and lower twenty-seven per
cent of the cases. The only requirement was that there be an equal
number of individuals in both groups. Had the sample been larger, the
tetrachoric coefficient would have been used. Sce N. M. Downie and
R.W. Heath, Basic Statistics Mcthods (New York: Harper and
Brothers, 1959), p. 176.
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Garrett says that:

The normal curve can be taken as a guide in selection of diffi-
culty indices. Thus 50% of the items might have difficulty between
.25and .75, 25% indices larger than .75, and 25% smaller than
«25. . . . Items passed by 0% or 100% have no differentiating
value but should be included in the test for psychological effect.62

The difficulty index and discrimination index for both forms of

the test used in this study are shown in Appendix K, Sixty-four items,
approximately sixty per cent, had difficulty indices between .25 and
.75; eleven, or ten per cent, had indices smaller than .25; thirty-threg
or approximately thirty per cent, had difficulty indices larger than .75
Of this number, only one item was passed by 100% of the participants
and no item was marked incorrectly by all persons taking the test.

Phi coefficients also were obtained for each item and tested for

63 When the five (.05) per cent

significance by the use of chi square.
value of chi square (df=1) was read from the chi square table as 3, 841,

it was noted that any phi equal to or greater than .36 was significant

at the five per cent level,

Using the Final Test

After the two parallel forms of the test were constructed and
tried out, additional copies with any revisions deemed necessary were

prepared for use with the population sample.

62Garrett, op. cit., p. 364.

63X2 = Nd)z. Thus the phi coefficient, because of this rela-
tionship, may be tested for significance by the use of chi square.
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Administering the test, --These tests, as well as the Dutton Attitude

Inventory, were administered at the first and last sessions of the two
mathematics workshops for elementary teachers, Form A was used
as a pre-test and Form B was administered at the final session as a

post-test.

The members of Group C, the control group, also were given
the tests at or about the timevof the first and last study sessions.
After permission was secured from the Superintendent of School
System Y to have this group of teag;}uers take.the test, the test maker,
visited each elementary school to discuss the test in general and to
outline the procedure for taking the test. Care was taken to issue
clear directions.

Teachers were allowed to finish the tests at different times.
They were asked, however, to seck no help or discuss either form of
the test with other teachers., Then, when the teachers had completed
the tests, all tests were returned to the principal who in turn mailed
them to the test maker.

In addition to the directions which accompanied the test form,
all three groups were informed that the test would in no way be used
to appraise their teaching effectiveness since test results from in-
dividual teachers neither were identified by name nor were to be re-

leased.



103

Scoring the tests. --A first step in the processing of the data was the

scoring of the test forms for the development of the TMU (Test of
Mathematical Understanding) Score.

The same procedure that was used with the tryout tests was
followed in the scoring of the tests. One point was allowed for each
answer. And, if the individual taking the test marked more than one
choice, even though one of the choices marked was the right answer,
the item was considered to be answered incorrectly. In the calcula-
tion of a total score, all omitted items were eliminated. A correction

for ""guessing, "

as previously explained, was made. All work was
checked by a person other than the original scorer in order to mini-

mize scoring errors,

Analysis of data. --The data gathered through the administering of the

TMU (Test of Mathematical Understandings) were recorded on IBM
work sheets. Arrangements were made with the Data Processing
Center of Southeast Missouri State College to punch IBM cards and
to assist in tabulating and correlating the data. A part of Chapter IV
will be devoted to the presentation of the results of the analysis of
this data.

The Selection and Use gt;aiArithmctic
Attitude Inventory

This phase of the study was begun by scarching for an instru-

ment for measuring attitudes toward school subjects. Instruments,
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ranging in form from the opinion poll such as those used in the typical
opinion survey to the more objective instrument such as those de-
veloped by Thurstone or Likert for measuring attitudes, have been
devised and used for measuring attitudes toward elementary school
subjects.

Selection of attitude inventory. -- After a careful study of various

attitude scales and after several tryouts with small groups of tcachers,
it was decided that the Arithmetic Attitude Inventory, an attitude
scale developed by Wilbur Dutton at the University of California,
would be appropriate for the present study. For this instrument,
Dutton, using a technique perfected by Thurstone and Chave, gathered
together a large number of written statements regarding arithmetic.
These statements were obtained from the papers of six hundred
university students over a period of five years.

Judges were asked to sort the statements using a scale of one
to eleven (extremely favorable to extremely unfavorable). The per-
centage of judges who placed each statement in the different categories
constituted the basic @ata for computing the '"scalec values' of the
statements.,

Twenty-two of the statements, whose scale values were cqually

spaced along the attitude continum, were selected for incorporation

into the evaluation instrument. This instrument was used with over
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two hundred eighty-nine students. A reliability of .94 was obtained
through test-retest procedure. 64

The present attitude inventory, a revision of the earlier attitude
scale, contains fifteen items. A reliability of .84 was obtained for
this revision by the test-retest procedure.

Dutton also checked the stability of the scale values by rescaling
the opinions from the first instrument on attitude toward arithmetic.

In spite of some systematic shift in values, the corrclation of scale

values from the two sources indicated a high degrce of stability as to

rank order or relative placement, 65

A copy of the attitude inventory used in this study is included
in Appendix D.

Use of the attitude scale. --After permission was granted to use the

1961 revision of the Dutton Arithmetic Attitude Inventory, the inventory
was administered to the eighty-nine tcachers who made up the popu-
lation sample for this study., This attitude inventory was given at the
first and last session of the mathematics workshops.,

The members of Group C, the control group, also werec given

the tests at or about the time of the first and last study scssions. They

64Dutton, "Measuring Attitudes toward Arithmetic,' Elementary
School Journal, LV (September, 1954), pp. 24-31.

65Dutt:on, "Attitude Changes of Prospective Elementary School
Teachers Toward Arithmetic,'" The Arithmetic Teacher, IX
(December, 1962), pp. 418-424.
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were allowed to complete the inventory at different times but were
asked not to discuss the inventory with other tecachers. When thesc
teachers had completed the inventory, it was rcturned to the principal
who returned it to the investigator,

Scoring the attitude inventory. --A first step in the processing of this

data was the scoring of the attitude inventory for developing the
Arithmetic Attitude Score. Each item on the scale was assigned a
scale value. These were the same scale values which had been sug-
gested by Dutton, A value of 1.0 represented an extremely negative
attitude while a scale value of 10.5 represented an extremely positive
attitude. The individual's total score was obtained by finding the
average or median scale value of the statements toward wl;ich he
acted favorably., This information also was recorded on the IBM work
sheets,

A composite report of the results from the administration of this
arithmetic attitude inventory may be found in Appendix L., In Chapter
IV, charts, graphs, apd summaries are used to describe the results
of this part of the study.

The Procurement of and the Utilization
of a Classroom Interview Instrument

It was necessary, in order to investigate the third hypothesis of
this study, to select and procure an instrument which might be used in

interviewing a random selection of pupils from the classrooms of
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teachers in both the in-service education group and the control group.
Such an instrument was neéded in order to elicit responses from a
group of students relative to the classroom practices of their teachers
with respect to the teaching of arithmetic. Since the purpose of the
state =sponsored in-service education workshops was to provide
teachers with the opportunity for learning of new developments in the
field of elementary mathematics, for examining new materials, and
for observing ncw methods of presentation, the investigator felt that
the major components of any interview instrument used should relate
to: (l) materials, (2) techniques, (3) organization, and (4) evaluation,

In the search for an interview instrument, it was found that the
use of the interview technique, one of the many, time-honored sources
of information, could vary from the highly-structured interview
(representing little more than an orally administered questionnaire),
through patterned or guided interviews covering pre-determined arcas,
to non-directive and depth interviews, All three types of face-to-
face encounters, so authorities report, in the absence of peers, make
it possible for the interviewer to obscerve reactions more closely and
with greater attention than was possible in the regular classroom, 66

An Interview Question Schedule, an orally administcred ques -

tionnaire, and a companion Rating Scale, which had been designed as

66Anastasi, op. cit., p. 631-632.



108
a part of a research project at the University of Texas, was sclected
as the interview instrument to be used in the present study for
measuring improvement in classroom practices of elementary school
teachers with respect to arithmetic, 67
This particular instrument asked pupils to respond with respect
to two dimensions: (1) qualitative and (2) quantitative. The first
dimension had to do with the type of instructional program: (1) text-
centered, (2) text-tcacher-centered, (3) teacher-centered, (4)teacher-
child centered, or (5) child-centered; the quantitative dimension had
to do with: (1) the amount of class discussion, (2) the number of non-
textbook materials utilized, and (3) a number of non-textbook
activities, 68
Furthermore, this interview instrument, using a non-directive
question technique, attempted to avoid value -laden clues and direct
cues which might bias the results.
Questions were designed to eliminate responses at the "feeling
level' by avoiding the use of direct reference to the teacher,
Questions of broad scope introduced each of the component areas

of the instrument. Thus desired information was obtained with
a minimum of the more direct ""probing' questions. ©9

67 copy of the interview instrument and the rating scale may
be found in Appendices E and F.

68 While the instrument, in some areas, would appear reclatively
weak, it was, as far as the writer could ascertain, the best possible,

69De\/ault, Houston, and Boyd, Television and Consultant
Services, p. 52,
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Reliability of this interview instrument was obtained, both
through rank-order correlation coefficients (using the scores obtained
by two recorders on a series of pilot interviews) and correlations be -
tween teacher and pupil interviews. High agreement was found between
pupil groups but lower correlations (.46 to .65) were reported be -
tween teachers and pupils.

The developer of the interview instrument determined validity
by interviewing the teacher and two groups of pupils from each of two
70

classrooms. Validity measures ranged from , 65 to .89.

Utilization procedure. --For the present study, a random selection of

two pupils from each of eight classrooms of teachers in Group A, one
of the groups participating in the in-service education workshop, and

a random selection of an equal number of pupils from the classroom of
teachers in Group C, the control group, were interviewed to elicit
responses relative to the classroom practices of the teachers with
respect to teaching arithmetic., A table of random numbers was uscd
as an aid in the selection of the pupils to be interviewed. Pupils were
interviewed in January, at or about the time of the first in-service
session, and again in April at the culmination of the in-service edu-
cation program. The second interview was held with the same

randomly selected pupils from each class.

"Obid., pp. 52-54.
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The interviews., --All interviews, using the Interview Question

Schedule as a guide, were conducted by the investigator or an assist-
ant who had been trained by the investigator in interviewing techniques,
And, in order to insure the highest possible reliability in the scoring
of information, a small tape recorder was used to record the inter-
view, The following steps were uscd:

1. The interviewer introduced herseclf to the student and asked for
the name of the pupil.

2. Rapport was established.

3. The purpose of the interview was explained to the pupils.

4, The Stenorette (tape recorder) was demonstrated.

5. The name of the teacher, the name of the school, and the
grade were entered on the tape.

6. An introductory question was asked and this was followed by
a brief discussion,

7. The introductory question and identification information werc
played back to check the operation of the machine, let the
student hear his own voice, and assist in putting the pupil at
casc,

8. Questions were asked according to the Interview Question
Schedule.,

9. The interviewer ended by asking each pupil to tell about his

favorite day in arithmetic during the year,
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10, The interviewer expressed her thanks for their cooperation.
11. After the pupil left, the interviewer made a short written
summary of salient points of the interview,
12, Each tape was identified and filed for future analysis.

Analysis of interview.--The two interviewers individually listened to

each interview and tabulated data from each of the interviews on the
Interview Schedule, To insure the highest possible reliability in the

scoring of the information obtained from the Stenorette tape, a coding

-
schedule was used in the interpretation of interview data., 1

Responses to twenty=-seven items on the "Interview Question
Schedule'" were evaluated on a five -point rating scale while the amount
of discussion was described in terms of per cent of class time re-
portedly spent in discussion. The other two subscores (number of
non=-textbook materials utilized and number of non-texthook activities)
were represented by the total number of items tallied in cach arca.
All data were recorded on IBM work sheets and later punched into
IBM cards. The Data Processing Center used a 1620 Computer to
assist in tabulating and correlating the data,

Mean scores and standard deviations for subscores and total
score of the Qualitative and Quantitative Dimensions of classroom

practices were computed from the pre- and post-interview data. A

-

IlFor further information, sce Appendix F,
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comparison of means between the experimental and control groups
in both the sub-total and total scores were made by the use of the t-

tests. The analysis of this data is presented in Chapter IV,

Procedure for Analysis of Data

All data were transferred to IBM work sheets and later punched
into IBM cards. Cards were checked for accuracy by checking the
IBM print-cuts against raw data. This verified data on the IBM punch
cards then became the source of information for the analysis.

Data were used in four ways: (1) to describe the population, (2)
to test the three major hypotheses, (3) to study the relationship be -
tween test scores and background factors, and (4) to note the effect of
a pre-test upon the post-test scores.

Selcction of statistical procedure. --The repeated mecasurements of

covariance and the cocfficient of correlation were the statistical pro-
cedures selected for treatment of the data. The analysis of covariance
permitted the investigator to adjust outcomes of the experiment in
terms of the source of initial variation.

Significance level chosen, --The five per cent level of acceptance or

rejection of the hypothesis being investigated was sclected as being
sufficiently rigorous for the conditions of thig study. Thus, if the
probability was at or less than five times in one hundred that the ob-

served difference could be attributed to chance, the hypothesis was
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accepted; but, if the observed difference was of such magnitude that
it might arise more than five times in one hundred through the opera-

tion of the chance factor, the hypothesis was rejected,
IV, Summary

This chapter dealt with the procedures which were followed in
carrying out the present investigation. It was divided into four
sections. The first portion of the chapter described the 1963 -64
serics of state ~-sponsored workshops in mathematics for elementary
school teachers, the in-scrvice education program which was investi-
gated in this study,

A rcport of the population sample used in the study was included
in the second part of the chapter., It included a description, in tabular
form, of the population sample as well as explanations of the procedure
used for assignment of the sample to groups for purpose of analysis,

The third part of the chapter was concerned with the procedurcs
used in the collection of data. It included a discussion on the develop-
ment of o.r the selection of the evaluation instruments used and the
preparation of the data for analysis. The procedure followed in
writing items for a paper-and-pencil test which could be used for
evaluating the mathematical understandings of elementary school
teaéhers was described in detail. The method utilized in obtaining

evidence of reliability and validity was presented., The correlation
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coefficient between the two cquivalent forms of the test was reported
to be .87.
The next chapter, Chapter IV, will present, through tables,
graphs, and explanatory materials, an analysis relative to the study,
In Chapter V, a summary will be presented; conclusions and implica-~

tions for further research also will be discussed,
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CHAPTER IV
ANALYSIS OF THE DATA

In Chapter IV, data are presented in sections determined by the
dependent variables which include:

1. Growth in basic mathe‘matical understandings of elementary
school teachers,

2. Changes in attitude of clementary school teachers toward
mathematics,

3, Improvement in teacher classroom procedures with respect to
the teaching of arithmetic,

Within the first two sections, data were reported in two parts.
In the first of each of these scctions, data relative to the testing of one
of the major rescarch hypotheses were presented and each research
hypothesis was accepted or rejected on the basis of these data.

In the second part of these first two scctions, two related
questions, onc having to do with test-retest effect and the other having
to do with the relationship of improvement in mathematical under -
standings and changes in attitude toward arithmetic to sclected back=-
ground factors, were examined. A third major secction described the

data collected with respect to changes in teacher classroom practices.

115
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On the basis of the data presented in this final section, the third major
research hypothesis was accepted or rejected. A summary concluded

the chapter.

I. Growthi_n Basic Mathematical Understandings
of Elementary School Teachers

The data collected through the administration of two equivalent
forms of the test, "A Test of Mathematical Understandings, ' the
evaluation instruments developed by this investigator for use in the
present study, were utilized in an attempt to measure the mathematical

understandings of a group of elementary school teachers.

Hypothesis T

The first hypothesis was stated as: There will be a significant
difference on a test of mathematical understandings between the post-
test scores of a group of elementary school tecachers who have partici-
pated in an in-service education program and their pre-test scores or
the scores of a similar group who have not participated in the in-

service education program,

Findings

This hypothesis was tested through the interaction of the first
dependent variable and the independent variables, in-service presenta-

tion and testing procedurec,
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Pre=- and post-test means., --Pre- and post-test means, standard

de viations, and changes (difference in means) on the tests of mathe -
matical understandings were computed for each resecarch group.

In order to determine the significance of the difference between
the pre- and post-test means (correlated), a t-test was used.

The resulting t-ratio was compared with the "t'" in a table de=-
signed for use in determining the significance of '"'t." These data are
included in Table 6.

During the time of the in-service education workshop in mathe-

matics, all in-service workshop groups made gains on this measure,

IThe following formulas were used to compute the significance
of the difference between correlated means obtained from tests
administered to the same group.

SE~ =\lo2,, + o2 -2r .o o
D q M; M, T T2 A,

where SEp = standard error of the difference between correlated means
o’Ml = standard error of mean on first test,
O’MZ standard error of mcan on sccond test, and
r = corrclation between initial and final tests.
t = X1 - X2
SEp
Where X - X, = difference between means.

2

2For further information, sce Garrett, Statistics in Fw
and Education, pp. 226-227.
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TABLE 6

PRE- AND POST-TEST RESULTS ON THE TEST
OF MATHEMATICAL UNDERSTANDINGS FOR
THE RESEARCH GROUPS IN THIS STUDY?

Research
Group

Grade
Level

Pre-Test

Post-Test

Change

Mean

SD

Mean

SD

M, -M,

Group A1
(Experi-
mental)

Group A3
(Experi-
mental)

Group B;
(Experi-
mental)

Group B,
(Experi-
mental)

Group C
(Control)

Primary

Inte rmediate

25,3

30.27

6. 66

7.38

29.0

34,86

5.52

4.59

1,99

2.72:%

Primary

. c
Primary

28,00

6.67

30.30

26.27

Intermediate

31.58

6.20

31.10

6.21

-. 48

-.96

@A more comprehensive table of test results may be found in

Appendix

J.

bsee preceding page for procedure uscd for calculation of t.
When t was significant at the .05 level, an asterisk (%) was uscd,

Ceroup By was the experimental group used to measure test-
ct. No pre=-test was given.,

retest effe
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However, when the obtained mean difference for each research
group was tested against the hypothetical zero gain, a significance of
the difference between pre- and post-test means was noted for Group

-
Ay and Ap; the resulting t for Group Bj was 1.70 and approached
significance (t g5 = 1. 73).

Based on the results of this criterion measure, that part of the
first hypothesis which stated that there would be a significant dif-
ference on a test of mathematical understandings between pre- and
post-test scores of a group of elementary school teachers who had
participated in an in-service education program was rejectéd.

Analysis of covariance. --To test the second part of the first hypothe -

sis, that part having to do with a comparison of growth in mathematical
understandings between part‘icipants in the in-service workshops and a
similar group who were not participants, the analysis of covariance
was utilized. This statistical technique, known to be particularly ap-
plicable to any experir:nexit, such as the present one, in which groups
could not be randomized or equated before treatment, made it possible
for the investigator to adjust the outcomes of the experiment (gain in
mathematical understandings) in terms of a source of variation (the

pre -test).
The scores of forty-four tecachers, twenty-two intermediate grade
teachers from the experimental group (Group A;) and twenty-two

teachers who scrved as a control group (Group C), were used for this

analysis, The data are presented in Table 7.
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TABLE 7
SUMMARY OF THE ANALYSIS OF COVARIANCE FOR THE

SCORES OF FORTY-FOUR INTERMEDIATE GRADE
TEACHERS ON THE TEST OF MATHEMATICAL

UNDERSTANDINGS?
Source of
Variati df SS_. Ss S. SS . MS_ (V. ) SD _
ariation X y Xy Y.X VX' yx VX
Among Groups 1 52 127 56 76.82 76.82
Within Groups 41 1949 1762 590 66.69 1.63 1.31
Total 42 2001 1889 534 143,51
76.82
Fy.ox = —1.63 ° 46,94 From F-ratio Table:

F at .05 level = 4, 07
.01 level = 7.30

When the F-ratio was applied to the adjusted ""among' and
"within" variances, F was highly significant at either the .05 or .01
level.

Then, a significance of the difference between the adjusted post-
test (Y) means was found to be 1. 31. Su:g_spituting for t o5 (1. 68) in the
equation t = D/SED, an obtained difference of 2,66 at the .05 level was
noted. It was concluded that, when initial differences were allowed
for, the in-service education workshop in mathematics had made for

significant changes in the final scores of the experimental group.
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Baged on this evidence, it was concluded that the two final
means did differ significantly., That part of hypothesis one which
stated that there will be a significant difference on a test of mathe-
matical understandings between the post-test scores of a group of
elementary teachers who participated in an in-service education work-
shop and the scores of a similar group who did not participate in the
in-service program was accepted,

Rclated questions. =-In connection with the testing of the first hypothe -

sis, two questions were studied. These two questions and the proce-
dure used for evaluation are discussed in the paragraphs that follow,
1. What effect, if any, does a pre-test have upon the post-test
scores of teachers?

To determine the cffect of a pre-test upon the post-test scores,
the significance of the difference between mean scores of participants
in Group B, a group of thirty-five participants in one of the in-service
workshops who had been divided at random into two groups, onc group
given both pre - and post-test and the other given post-test only, was
examined through the analysis of variance.

Records for the two groups are shown in Table 8.

Since the obtained F-ratio was not significant (less than the F at
the .05 level), the mean differecnces were not significant; they could be

expected to occur by chance more than once in twenty trials. 3

3Garrett, op. cit., pp. 280-295,
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TABLE 8

ANALYSIS OF VARIANCE FOR RESEARCH GROUP B

ON THE TEST OF

MATHEMATICAL UNDERSTANDINGS

Source of Mcans df Sums of Mean Squares SD
Variation Squares (Variance)
Among the
of Conditions 1 140 140
Within Conditions
(Error) 33 1985 60.15 7,74
Total 34 2125
140
F = ——— =-2.33 From Table:
60.15

df; = 1and df, = 33
F at .05 = 4,19
F at .0l = 7.58

So, in answer to the first related question, this data indicated

that a pre-test did not contribute significantly to the post-test scorcs

of the evaluation instrument which was used to mecasure mathematical

understandings. This is not to be interpreted to mean that tcachers

did not benefit from the in-service workshops. But, within the limi-

tations of this study, it can be said that a pre-test did not contribute

significantly to the post-test scores of a test designed to measure

mathematical understandings of elementary school tecachers.

2. What is the relationship of improvement in basic mathematical

understandings to tecacher background factors and information?
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To study the degree of relationship between selected background
factors and mathematical understandings, product-moment correlation
coefficients for all background factors, except highest degree held,
were obtained for both control and experimental groups.4 The results
are shown in Table 9,

Using a table of values of correlation coefficients for different
levels of significance, it was noted that none of the correlation co-
efficients for the background factors and the dependent variable
except the ones for semester hours credit in college mathematics
and years of teaching experience either were significant or approached
the level of significance at the five per cent level, The only signifi-
-cant correlation between mathematical understandings and background
factors noted at the time of post-test was for post- "Test of Mathe -
matical Understandings, ' and semester hours of college mathemat-

ics,

Recapitulation

The first dependent variable, growth in basic mathematical
understandings of elementary school teachers, was measured by

the administration of two equivalent forms of the test, "A Test of

4Since the academic background of teachers had been described
in terms of highest degree attained, classified as ""Bachelors'' or
""Above, ' biserial correlation was used to obtain the corrclation
coefficient between highest degree attained and the evaluation in-
strument.
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TABLE 9
CORRELATION COEFFICIENTS BETWEEN SELECTED TEACHER

BACKGROUND INFORMATION AND SCORES ON TEST OF
MATHEMATICAL UNDERSTANDINGS?

Experimental (A;) Control (C)
Pre- Post-Test Pre- Post - Test
Test Results
Test of Mathematical
Understandings (Pre) . 84 . 83
Test of Mathematical
Understandings (Post) . 84 . 837
Background Factors
Years of Teaching
Experience .49 .24 .06 .06
Credit in High School
Mathematics .17 .13 .23 .31
Semester Hours Credit
in College Mathematics . 53% . 48% .10 .06
Semester Hours Credit
in Methods of Teaching
Arithmetic -.25 .05 .29 .30
Highest Degree? -. 07 -. 06 -.05 -.09

@For df = 20, the value for the correlation coefficients obtained
from the table was .423; data marked with an asterisk (%) were
significant at the five per cent (.05) level,

b_. . . . . .
Biserial correlation was used to obtain this correlation co-
efficient for highest degree.
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Mathematical Understandings, ' to eighty-nine teachers who partici-
pated in two in-service education workshops. The hypothesis was
tested through the interaction of the independent variables, grade
level, in-service presentation, and testing procedure, To de‘terminc
the significance of the difference between pre- and post-test means,
a t-ratio was computed. On this achievement measure, all in-service
education workshop groups, with the exception of Group Ay, made
gains which were statistically significant at the five per cent point,

In the analysis of covariance which was utilized for evaluation
of test data, there was a significant difference between the experi-
mental and the control group. The F-ratio was significant at the .05
level and, as a result, it was concluded that the in-service workshops
in mathematics were effective in improving the mathematical back-
ground of the elementary teachers who participated,

There was no significant difference, however, between the two ¥
research groups which were used to evaluate the question of test-
retest effect, Significant differences in correlation coefficients among
the pre-test measure and the background factors were noted for years
of teaching experience and semester hours credit in college mathe -
matics, A significant correlation was noted at the time of post-test

‘between mathematical understandings and the background factor,

semester hours of mathematics,



126

II. Changes in Attitude of Elementary School Teachers
Toward Mathematics

For this aspect of the present investigation, data collected
through the administration of the 1961 Revised Dutton Arithmetic Atti-
tude Inventory was utilized in an attempt to note changes, if any, in
attitudes of elementary school teachers toward mathematics which
occurred during the time of the 1963-64 series of in-service education
workshops being conducted by the Missouri State Department of

Education.

Hypothesis I

The hypothesis which had to do with this aspect of the study was
stated as: There will be a significant diffcrence on an arithmetic atti-
tude test betwcecen the post-test scores of a group of elementary school
teachers who have participated in an in-service education workshop
and their pre-test scorrcs or the scores of a similar group who have
not participated in the in-service program,

This hypothesis was tested through the interaction of independent
variables, in-service presentation and testing procedures, with
change in attitude of elementary school teachers toward mathematics.
Pre- and post-test means and standard deviations for achievement on
the attitude inventory were computed for each rescarch group. Any

mean differences for the rescarch groups were tested against the
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hypothetical zero gain through the use of the t-test, The analysis of
covariance was utilized to compare the means between an experimental

and control group.

Treatment o_f Qu_e Data

g

Responses to the fifteen statements on the arithmetic attitude
inventory were tabulated according to item and group. Each item on
the scale was assigned a scale value (from 1.0 which represented an
extremely negative attitude toward arithmetic to 10, 5 which repre-
sented an extremely positive attitude). The individual's total score
was obtained by finding the average or median scale value of the
statements toward which he acted favorably.

A composite report of the results from the administration of
this arithmetic attitude inventory has been included in the Appendix L.

Data included in the tables in this section were drawn from Appendix L.

Findings
The findings pertaining to the sccond hypothesis are discussed
in the paragraphs that follow,

Pre- and post-test means, --Pre- and post-test means, standard de-

viations, and changes (difference in means) were obtained from ad-
ministering the Revised Dutton Arithmetic Attitude Inventory to eighty-
nine participants in two mathematics workshops for clementary school
teachers and a similar group of teachers who were used as a control

group.



To determine the significance of the differcence between pre-
and post-test means, a t-test was uscd, > The resulting t was com-
pared with the t in a table designed for use in determining the sig-
nificance of t. This data is presented in Table 10,

All in-service education workshop groups made numerical gains
between the pre-test and post-test. However, when the t-test was
applied to the -results, a significance of difference between pre- and
post-test means was noted for Group A and Group BZ; the resulting
t for Group B) was 1.14 and did not approach the level of significance.

Based on the results of these data, that part of the first hypothe-
sis which stated that there would be a significant difference on the
arithmetic attitude inventory between the pre- and post-test scores of
a group of elementary school teachers who participated in an in-
scrvice workshop was rcjected. This should not be interpreted to
mean that the tcachers did not benefit from the workshop. But, within
the limitation of this study, mean gains for all groups were not suffi-
cient to be significant.

Analysis of covariance. --To test the second part of the second hypothe -

sis, that part having to do with the comparison of change in attitudes

> . . .
For an explanation of the formula used to compute the signifi-
cance of the diffcrence between these correlated mcans, see page 117,

6 . . .
A more comprchensive table, including raw scores, group
identification, and test form, may be found in Appendix K.
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TABLE 10
PRE- AND POST-TEST RESULTS ON THE
ARITHMETIC ATTITUDE INVENTORY FOR

THE RESEARCH GROUPS
IN THIS STUDY?

Rescarch
Group

Grade Pre-Test Post-Test Change b

Level Mean SD Mean SD x\Il-MZ

G roup A
(Experi-
mental)

Group A,
(Experi-
mental)

Group B,
(Experi-
mental)

Group BZC
(Experi-
mental)

GroupC
(Control)

Primary 6.6 2.30 7.1 2,00 .50 2.17%

Intermediate 6.58 2.30 7.75 .91 1,17 3,82

~J
o
o
o
=1
.

-~
o

Primary 3.01 .70 1.14

Primary 6.6 1.69

Intcrmediate 8.72 .47 7.86 .24 -, 86 -1,91

a . . .
A more comprehensive table of test results may be found in

Appendix K.

bSec page 117 for procedure used for calculation of t. When't
was significant at the ., 05 level, an asterisk () was uscd.

€Group B, and Group B2 were the experimental groups used to
observe test-retest effect. No pre-test was given Group B,.
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toward arithmetic between participants in the in-service workshops

and a similar group who were not participants, the statistical pro

-

. . - 7
cedure of the analysis of covariance was utilized,

The scores of férty-four teachers, twenty-two intermediate

grade school tcachers from the experimental group (Group A) and a

similar group of twenty-two teachers who scerved as a control gro
(Group C), were used for this analysis. The data were presented

Table 11.

TABLE 11

up

in

SUMMARY OF THE ANALYSIS OF COVARIANCE FOR THE

SCORES OF FORTY-FOUR INTERMEDIATE GRADE
TEACHERS ON THE ARITHMETIC ATTITUDE

INVENTORY

Source of af  SS_ Ss.. s SS MS_ (V) SD
Variation X Y Xy WX VXYY VL
Among Groups 1 1 1 -6 3.30 3.30
Within Groups 41 132 30 28 24,06 .59 LT7

Total 42 133 31 22 27.36

Fyox = % = 5,59 From Table F

-9 df 1/41

F at .05 level = 4.07

"For de scription of procedure, see Edwards, Expc¢rimental

Design in Psychological Research, pp. 295-29¢.
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When the F-ratio was applied to the adjusted "among' and
"within'" variances, it was pertinent to note that the F was significant
(F

= 3.30/.59 or 5.59 when F = 4,07) at the .05 level. Then,

YeX 05

using the férmula for the standard error of the difference between the
adjusted post-test scores, significant difference at the .05 level
(SEp = 3.99 when t o5 = 2.02) was noted.

Based on this evidence, it was concluded that the two final
1;nea11s, when initial difference was allowed for, did differ signifi-
cantly; hypothesis two, that there will be significant difference on an
arithmetic attitude inventory betwecn the adjusted post-test scores of
a group of elementary teachers who participated in an in-scrvice c¢du-
cation workshop and the adjusted post-test scorecs of a similar group
who did not participate in the in-service program was accepted, This
particular in-service education workshop in mathematics had made
for significant changes in the final scores of the experimental group.

Related questions. -=In connection with the testing of the second hy-

pothesis, two related questions were studied. These two questions and
the procedure uscd for evaluation are discussed in the paragraphs that
follow,
1. What cffect if any does a pre-test have upon the post-test scores
of teachers on an attitude inventory?
To determine the effect of a pre -test upon the post-test scores,

the significance of the difference between mecean scores of Group B, a
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group of thirty=-five participants in the in-service workshops who had
been divided at random into two groups, one group given both pre-
and post-test and the other given post-test only, was examinced through

the analysis of variance.

Data for the two groups are shown in Table 12,

TABLE 12

ANALYSIS OF VARIANCE FOR RESEARCH GROUP B
ON ARITHMETIC ATTITUDE INVENTORY

Source of Sums of Mcan Squarcs sD
Variation df Squares (Variance)
Among the eans
of Conditions 1 9 9
Within Conditions 33 88 2.67 1,73
Total 34 97
F = 2 - 3.37 From F-ratio table:
2. 67 F at .05 level = 4,15

Since the obtained F-ratio was not significant (less than the F at
.05 level), the mecan differences were not significant; they could be
expected to occur by chance more than once in twenty trials.,

Thus, in answer to the first related question, this data indicated

that a pre~test did not contribute significantly to the post-test scores
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made by the in-service group on a test designed to measure attitudes
toward arithmetic. This is not interpreted to mean that teachers did
ﬁot benefit from the in-service workshops. But, within the limitations
of this study, it can be said that a pre -test did not contribute sig-
nificantly to the post~tcst scores made by a group of elementary
school teachers on an arithmetic attitude test,

2, What is the relationship between change in attitude toward

arithmetic and selected teacher background factors?

To study the degree of relationship between selected background
factors and attitudes toward arithmetic, product—-moment correlation
coefficients for all background factors, except highest degree held,
were obtained for both control and experimental groups. 8 The results
are shown in Table 13 on the following page.

Using a table of values of correlation coefficients for different
levels of significance, it was noted that the correlations between the
prc=- or post-test measures and selected background factors were

neither significant nor approached the level of significance.

Recapitulation

The second dependent variable, change in attitude of elementary

school teachers toward arithmetic, was evaluated by the administration

8Biserial correlation was uscd to obtain correlation cocfficient
for highest degree.
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TABLE 13
CORRELATION COEFFICIENTS BETWEEN SELECTED TEACHER

BACKGROUND INFORMATION AND SCORES ON
ARITHMETIC ATTITUDE INVENTORY?

Experimental (A]) Control (C)
Pre- Post-Test Pre - Post-Test

Test Results
Arithmetic Attitude
Inventory (Pre) .53 .31

Arithmetic Attitude
Inventory (Post) .53 .31

Background Factors
Years of Teaching
Experience .18 . 10 .17 .19

Credit in High School
Mathematics .06 . 06 .02 .16

Semester Hours
Credit in College
Mathematics .25 .19 .17 -.05

Semester Hours
Credit in Methods
of Teaching
Arithmetic -.05 -.07 -. 13 -.05

Highest Degree® -.09 -.07 -.06 -. 06

@Data marked with an asterisk (*) were significant at the five
per cent (. 05) level, '

bBiserial correlation was used to obtain correlation coefficient,
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of the 1961 Revised Dutton Arithmetic Attitude Inventory to two in-
service education workshop groups, participants in a series of mathe-
matics workshops being sponsored by the Missouri State Department
of Education, and a similar group of teachers who were used as a
control group. The hypothesis having to do with this aspect of the
study was tested through the interaction of the dependent variable,
change in attitude toward arithmetic, and the independent variables,
in-service presentation and testing procedure,

To determine the significance of the difference between pre- and
post-test means, t-ratios were computed., On this evaluation measure
all in-service workshop groups made numerically higher scores;
however, when the obtaincd mean difference for cach rescarch group
was tested against the hypothectical zero gain, a significance of
difference between pre- and post-test scores was noted for Group Ay
land Group Aj; the i‘esulting t for Group B1 was l.14 and did not
approach significance (t g5 = 1.73).

In the analysis of covariance, the statistical technique utilized
for evaluation of test data having to do with a comparison of growth in
attitude toward mathematics between participants in the in-service
workshops and a similar group who were not participants, there was a
significant difference between the adjusted post-test scores of the
experimental and control groups. The F-ratio was significant at the

.05 level and, as a result, it was concluded that the in-service
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workshop in mathematics was effective in improving the attitude of the
workshop participants toward arithmetic.

There was no significant difference, however, between the post-
test scores of the two research groups which were used to evaluate
the question of test-retest effect., No significant diffcrences in corre-
lation coefficients between the pre-test measure and the selected back-
ground factors were noted.

III. Changes in Teacher Classroom Procedures
with Respect to the Teaching of Arithmetic

The data collected through the use of the '""Texas Elementary
School Mathematics Classroom Practice Schedule, " was utilized to
measure changes in teacher classroom procedures, the third de-
pendent variable of this study.c) This particular instrument, developed
for use in a rescarch study at the University of Texas, was used to
elicit responses from a random selection of two pupils from eight
classrooms of tcachers in one of the in-service (experimental) work=-
shops, and an cqual number of pupils from classrooms of & similar
group of teachers who had not participated in the workshop. Using the
non-directive question technique, the schedule of questions sought
pupil responses concerning major components of an elementary school

mathematics program,

A copy of this interview instrument may be found in Appendix E.
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Hypothesis IIT

The third hypothesis was stated as: There will be a significant
difference between the classroom practices of a group of elementary
school teachers who had participated in an in-service education work-
shop and the classroom practices of a similar group who had not
participated in the in-service education program.

This hypothesis was tested through the assessment of the in-
dependent variable, in-service presentation, with improvement in
teacher classroom practices. Pre- and post-test means for subscores
of both qualitative and quantitative dimensions of classroom practices
were computed for experimental and control groups., Comparison of
means between the experimental and control group on both the sub-
scores and total scores were made by use of the t-tests.

Scores obtained in interviewing a random selection of twelve
pupils from classrooms of eight teachers in the experimental group
and a random selection of sixteen pupils from the classrooms of teach-
ers in the control group are presented in Appendix M. 10 Data included
in the tables in this section were drawn from Appendix M which may

be founded on pages 248-25l,

- Originally the random selection of pupils (groups)to interview

was equal. However, when four students from the experimental
group were unable to complete the post-interview, it was necessary to
withdraw data relative to their first interview,.
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Finding s

Responses to the statements on the Interview Question Schedule
were tabulated with respect to two dimensions of classroom practice:
(1) qualitative dimension and (2) quantitative dimcnsion.11

Qualitative dimension. ==-The qualitative dimension described the

extent to which tecachers! classroom practices were '"textbook-
centered" or ''child-centered,'" Responses to twenty-seven items on
the Question Schedule were evaluated by a five -point rating scale.
This scaled rating permitted the classification of responses according
to the type of instructional program rcpresented:
1. Text-centered == scaled rating of 1,
2, Text-teacher-centered -- scaled rating of 2.
3, Teacher-centered -- scaled rating of 3,
4, Teacher-child-centered -- scaled rating of 4,
5. Child-centered -- scaled rating of 5.
The total score ranged from a minimum of twenty-seven to a
possible maximum of one hundred thirty-five,
Subscores on the qualitative dimension were obtained by group-

ing the twenty-seven item ratings under the following five subscores,

1 For interpretation of coding the ""Texas Elementary School

Mathematics Classroom Practices Schedule of Questions, "
Appendix F.

se¢
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1. Instructional Materials

2. Activities

3. Organization

4, Tcaching Aids

5. Ewvaluation

The scores tabulated under instructional materials included the
scaled ratings given the responses concerning the use made of single
or multiple adoptions of textbooks as well as the utilization of library
books, pamphlets, and mimeographed materials, The activitics sub-
score was derived from compiling the scaled ratings concerning the
use of '""free time,'" homework, and activities outside the routine text-
book approach., The organization subscore was obtained from the
scaled ratings given to the responses which referred to the character
or extent of individualized instruction and the use madec of class dis-
cussions., The fourth subscore, tcaching aids, pecrtained to ratings
derived from questions concerning the source of graphic and manipula-
tive teaching aids and the extent to which these aids werce utilized for
individual exploration, The fifth subscore, evaluation, considered the
number, kind, and source of tests used and the cxtent to which pupils
werce involved in evaluating their own progress in mathematics.
A compilation of the scores obtained for both experimental and

control groups on each of the five subscores of the qualitative dimen-

sion, as wcll as the total score, were included in Appendix M,
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Quantitative dimension, -~Data obtained from the pupil responses to

six questions on the Interview Question Schedule were used to report a
second dimension of classroom practices referred to as a quantitative
dimension. 12 These questions, distributed throughout the interview
instrument, described: (1) the amount of class discussion, (2) the
number of trade books, library books, encyclopedias, pamphlets,
films, slides, and graphic materials, and (3) the number of non-
textbook or special ''project' activities which were reported by the
pupils at the time of the interview.1

The amount of discussion was described by the per cent of class
time reportedly spent in discussion; the other two subscores, the
number of non-textbook materials and the number of non-textbook
activities, reported the total number of items tallied in each area. 14

A compilation of responses obtained from the pupils of teachers

in both the experimental and control groups on each of the three sub-

scores of this quantitative dimension were included in Appendix M.

12While the interview instrument, as previously discussed, was
weak in some areas, it was, to the investigator's knowledge, the only
instrument at the time which attempted to elicit responses from pupils
with respect to classroom practices of teaching arithmetic.

13For further information on these questions, see those questions
on the Interview Question Schedule in Appendix E which have an
asterisk (*) before them,

14since the amount of discussion was reported in per cent and
the number of non-textbook materials and activities by item, no at-
tempt was made to obtain a total score on the quantitative dimension.
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Pre- and post-test means. --To evaluate the effectiveness of the in-

service education program in improving the classroom practices of
teachers, mean scores, standard deviations, and changes (difference
in means) were computed. A t-test was used to determine the sig-
nificance between the pre- and post-test means, These data are in-
cluded in Table 14.

For the experimental group, the post-mean for the total score,
as well as the post-mean for each subscore, was greater than the pre -
test mean. Three of the five subscores on the qualitative dimension
(utilization of instructional materials, variation in the use of activities,
and organization of the classroom), as well as the total score, re-
sulted in significant differences between pre- and post-interview
measures,.

The post-means for the control group were greater for each sub-
score except evaluation and teaching aids. Significant difference be -
tween pre- and post-interview measures was noted for one subscore,
utilization of materials, in the control group.

Pupils reported that teachers in the experimental group were, at
the end of the in-service program, using greater amounts of time in
discussion, involving pupils in a greater number of non-textbook
activities, and using a greater number of non-textbook materials than
reportedly had been in use at the time of the pre-interview. One of

the three quantitative dimensions for the experimental group, number
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of non~textbook activities, resulted in significant difference between
pre- and post-test means,
On the total qualitative dimension, when a t-test was used to
compare the pre-test means for the experimental and control groups,
the resulting t (1.52) with 26 (Nj + N2 - 2) degrees of freedom was

not significant at the . 05 level, 1

Since significant difference was
noted, it was concluded that the two pre -test means did not differ sig-
nificantly.

The obtained value for t (2.26) for the post-test means for the
two groups on the same dimension was significant at the .05 level, It
was concluded that, within the limitations of this study, and for the
particular group used, a mathematics workshop could be helpful in
changing the classroom practices of the elementary teachers who

participated.

Recapitulation., --The hypothesis was tested through the assessment of

the independent variable, in-service presentation, with improvement
in teacher classroom practices. To determine the significance of the
difference between pre- and post-test means, a t-ratio was computed.

For the experimental group, three of the five subscores, as well as

1576 determine whether the obtained '"t'' was significant, the
procedure as outlined by Edwards on pages 273 and 274 in Statistical
Methods for the Behavioral Sciences was followed,

16Since the amount of discussion was reported in per cent and the
number of non-textbook materials and activities by item, no attempt
was made to obtain a total score on the quantitative dimension.



145
the total score, on the qualitative dimension, resulted in significant
differences between pre- and post-interview measures., Significant
difference between pre- and post-interview measures for the control
group was noted for only subscore.

In a comparison of means between experimental and control
groups, there was a significant difference on the post-interview
scores, The obtained value for '"t' was significant at the .05 level and,
as a result, it was concluded that, within the limitations of this study,
and for the particular group used, a mathematics workshop could be
helpful in changing the classroom practices of teachers who partici-
pated. One of the three quantitative dimensions for the experimental
group also resulted in a significant difference between pre- and post-

test means.,
IV, Summary

This chapter has presented an analysis of the data in sections
determined by the dependent variables:
1. Growth in basic mathematical understandings of elementary
school teachers,
2., Changes in attitude of elementary school teachers toward
mathematics.
3. Changes in teacher classroom procedures with respect to the

teaching of arithmetic,
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Table 15 is a summary of the conclusions reached for each of the

three hypotheses of the study,

TABLE 15

SUMMARY OF ACCEPTANCES AND REJECTIONS OF
THE RESEARCH HYPOTHESES OF THE STUDY

Hypothe sié Dependent Variabled

Related to 12 I I11¢

In-service Groups

Group A Rejected Accepted
Group Aj Accepted Accepted
Group Bj Accepted Rejected
Group B,® Accepted

Experimental versus
Controld Accepted Accepted See footnote f

8Growth in mathematical understandings of elementary school
teachers.

bChanges in attitudes of elementary school teachers toward
mathematics.

CImprovement in teacher classroom practices.

dDependent Variable III (Improvement in classroom procedure)
applicable to experimental (Group A) and control (Group C) groups
only.

eCrroup B, and Group B, were the experimental groups used to
observe test-retest effect. No pre-test was given Group B,.

fror explanation of acceptance or rejection of the third major
hypothesis, see the procedure used for comparison of means in the
recapitulation, pages 144 and 145,



CHAPTER V

SUMMARY, CONCLUSIONS, AND
RECOMMENDATIONS

‘ The American people, operating on the premise that our wel-
fare is dependent, among other factors, upon an enlightened citizenry,
have focused a spotlight on public education. This spotlight has
brought together groups of professional people representing differcent
backgrounds of experience and training to study cducational problems
and to make suggestions for curriculum improvement. As a result,
changes have been and are being made in the mathematics in the
elementary school, These changes have stimulated new programs
which are different both in content and in approach,

This call for new programs in mathematics has made it impera-
tive that the elementary teacher know the mathematics necessary to
teach the content of the new curriculum, Hardgrove, in a conference
on the training of teachers in elementary school mathematics, stated
that:

Teachers need a mathematics education which makes it

possible for them to understand and appreciate the structure of

the mathematics they teach, which makes it possible for them
to help children develop a problem-solving technique, and

147
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which makes it possible for them to have confidence in their
tcaching of arithmetic, !

An increasing concern for promoting the professional growth of
all teachers, whether ''necophytes'' or "old-timers,' has made the
professional growth of teachers one of the most challenging and per-
sistent problems faced by schools today. Many educators sce the need
for professional growth as far too pressing to be limited to the pre-
service education of teachers,

As teaching beccomes more of a profession and less of a
procession, more teachers are removed from their pre-service
training than ever before, The training they received even a
decade ago is inadequate today either as to substance or as to
methodology., This underlines the demand for effective in-
scrvice education. . « +» Without it, our schools cannot
adecquately prepare boys and girls for a dynamic society.

Various forms of in-service education such as workshops, child
study groups, coopcrative curriculum study, and use of consultants,
have been utilized by school systems and state departments of educa-
tion; few reports, however, have attempted to evaluate objectively the
effectiveness of any of the techniques being employed in the in-service
education program of tecachers., This, nevertheless, was the purpose
of the present investigation,

It was hoped that this investigation, which utilized the partici-

pants in a state -sponsored series of workshops for mathematics for

lI—Iardgrove, op. cit., p. 34.

2Ashby, op. cit., p. 27l
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elementary school teachers, could push further "the knowledge claim"
that an in-service presentation, with proper content emphasis, could
raise the level of understandings of elementary school teachers with
respect to mathematical understandings.

The preceding chapters were devoted to a discussion on the
current significance of the problem, a delineation of its purposc, and
a description of the procedure followed in evaluating a series of state-
sponsored workshops in mathematics for elementary school teachers,
Chapter V, the final chapter of this report, was devoted to: (l) a
general summary of the study, (2) major conclusions, and (3) implica -

tions or recommendations for both curriculum and research.

I. General Summary

The purpose of this study was to analyze the effectiveness of the
workshop as a means of in-service education for: (l) improving basic
mathematical understandings of elementary school teachers, (2)
changing the attitudes of elementary school tecachers toward mathe -
matics, and (3) improving the classroom practices of teachers with
respect to the tecaching of arithmetic. The two workshops used in this
study were drawn from the 1963-64 series of workshops in mathe -
matics for elementary school teachers, a part of an in-service educa-
tion program being sponsorced by the Missouri State Department of

Education under Title III, National Defense Education Act.
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As a basis for comparison, a control group of twenty-two
teachers, a group who had also voluntcered to participate in a mathe-
matics workshop, was used.
These state-sponsored workshops, viewcd as one means for

helping teachers 'to modernize the content and upgrade their teaching

of arithmetic, ' were open to all elementary school tecachers in the

participating school districts. The teachers met for a period of ten
weeks, one session per week, There were no fees and no college
credit was given,

A bulletin issued by the State Department of Education sct forth
the following as objectives for these state-sponsored workshops in
mathematics for elementary school teachers:

l. To provide teachers with the opportunity to raise their level
of understanding of the concepts of mathematics and to lay
the foundation for further self-improvement.

2, To illustrate through demonstration teaching some of the new
approaches to, and methods of, presenting mathematical
ideas to elementary students,

3. To create an atmosphere of enthusiasm around mathematics
so that tecachers and students alike may enjoy the pursuit
of its excellence,

4, To acquaint the teachers with new teaching aids, manipulative
devices and the laboratory approach to the teaching of
elementary school mathematics.

5. To provide experiences and materials whereby tecachers may
broaden their horizons relative to experimental programs,
pertinent literature, and extracurricular activities in the
field of mathematics.

One hundred and twenty teachers in the two school districts

where the workshops were held indicated an initial interest in
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participating in a mathematics workshop. Ten did not enroll, four
attended ('.mly the first session, six did not attend sufficient sessions
to obtain in-service credit, five did not take the post-test, and six
returned their papers with incomplete data. The remaining eighty-
nine teachers constituted the population sample for this study,

To test the three major hypotheses of the study and for the
evaluation of the data relative to the background factors, a design
which allowed the investigator to utilize features of hoth the one-group
"Pre-test, Post-test Decsign'! and the '"Static Group Comparison
Design' was used,

The following independent variables were usecd:

1. In-scrvice presentation
2., Pre-testing
3. Post-testing
4, Grade level

Dependent variables were:

1. Growth in basic mathematical understandings of elemcntary
school teachers,

2. Changes in attitude of elementary school tecachers toward
mathematics.

3. Changes in teacher classroom procedures,
The background information furnished by each teacher included:

(1) sex, (2) years of teaching experience, (3) number of credits in high
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school mathematics, (4) number of semester hours credit in college
mathematics, (5) number of semester hours credit in college mathe -
matics teaching methods, and (6) highest degree attained.

Instruments selected or developed for usc in the collection of
data were:

1. Teacher Information Form and Problem Census Questionnairc,
2. A Test of Mathe;matical Understandings (two parallel forms).
3. Revised Form of Dutton Arithmetic Attitude Inventory.

4, Intcrview Question Schedule and Rating Scale,

All instruments uscd in the study were accepted by the mathe -
matics consultant and the administrative -supervisory personnel from
Title III, National Defense Education Act, Missouri State Department
of Education, as being relevant to the objectives of the in-service
education workshops involved.

-

The first task of this study involved a review of literature,
Major research developments which were considered reclevant to this
study were organized under the following four categories: (1) improving
the mathematical understandings of clementary school tcachers, (2)
utilizing in-service education procedures, (3) changing the attitudes
of elementary school teachers toward mathematics, anq (4) improving

the classroom procedures of teachers with respect to the teaching

of arithmetic,
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Various sources indicated that a large number of prospective
and experienced elementary school teachers simply do not know as
much arithmetic as they should in order to teach it effectively. They
saw the teacher's attitude toward the subject as a factor which might
limit his or her cffectiveness., The various states, the many colleges
and universities, and the local school districts were urged to continue
to study and evaluate the many forms of in-service teacher education,

Next, after a review of the literature, the investigator pursued
the following course in the collection of data:

1. An information form entitled ""Tecacher Background Information'
was prepared for distribution to all participants in the state -
sponsored workshops. Tcachers were asked to furnish the
following data relative to background information: (1) grade
level taught, (2) years of teaching experience, (3) highest
degree attained, (4) number of high school credits in mathe-
matics, (5) number of semester hours credit in college
mathematics, and (6) number of semester hours credit in
methods of teaching arithmetic.

2., Two parallel forms of a "Test of Mathematical Understandings"
were constructed, tried out in experimental form, revised, and
administered to both the experimental and control groups as
cither a pre- or post-test, These tests were administered at

the first and last sessions of the two mathematics workshops.
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The control group also was given the tests at or about the time
of the first and last study session,

3. The 1961 Revised Dutton Arithmetic Attitude Inventory was
sclected as appropriate for studying the effectiveness of the
workshops in changing the attitudes of classroom teachers
toward arithmetic, It was administered to the experimental
and control groups at the same time that the groups took the
"Test of Mathematical Understandings,"

4, The Texas Classroom Interview Question Schedule was selected

as the interview instrument for eliciting responses from two
pupils from cach of cighteen classrooms, These pupils, inter=-
viewed in January, at or about the time of the first session, and
again in April at the culmination of the in-service program,
were asked to answer questions relative to the classroom prac-
tices of their tcachers with respect to the teaching of arithmetic,
The analysis of covariance statistical technicuc was utilized in
the analysis of the data relative to the effectiveness of the in-service
presentation. Pearson Product-Moment Correlation Coefficient was

used in the relationship analyses reported in the study.

Summary of Results

The summary of results is organized in terms of the hypoth-

esis of the study and the questions related to these hypotheses.



Hypothesis I

The first hypothesis investigated was stated as: There will be
a significant difference on a test of mathematical understandings be -
tween the post-test scores of a group of elementary school teachers
who have participated in an in-service education program and their
pre-test scores or the scores of a similar group who have not partici=-
pated in the in-service education program,
Findings, --Testing this hypothesis, the investigator found that the
mean scores for all tcachers who participated in the in-service educa -
tion workshop in mathematics were numerically higher; howecver, the
gain for one of the groups, a group of primary tecachers, was not
statistically significant at the five per cent level. Based on these
data, that part of the first hypothesis which stated that there would be
a significant difference on a test of mathematical understandings be -
tween the pre- and post-test scores of a group of elementary tecachers
who had participated in an in-service education program was rejected,

When the sccond part of the first hypothesis, that part having to
do with a comparison of growth in mathematical understandings be =
tween participants in the in-service workshops and a similar group who
were not participants, was tested with the analysis of covariance, there
was a significant difference between the adjusted post-test means, It
was concluded that, when initial differences were allowed for, the

in-service education workshop in mathematics had made for significant
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changes in the final scores of the experimental group and the second
part of the first hypothesis was accepted.

Related Questions. =~In connection with the first major hypothesis,

two related questions were studied. These questions were:

1. What effect, if any, does a pre-test have upon the post-test
scores of a group of teachers who participated in the in-service
education program?

2. What is the relationship of improvement in basic mathematical
understandings and change in attitude toward mathematics to
teacher and background factors?

An examination of the data relative to the first question in-
dicated that there was no significant difference between the post-test
scores of a group of teachers who took both pre- and post-test and
another group who took the post-test only. It was concluded that,
within the limitations of this study, a pre-test did not contribute
significantly to the post-test scores of a test designed to measure
mathematical understandings of a group of elementary school
teachers.

With regard to question two, few significant correlation co-
efficients were found between either pre- or post-test measures and
the background factors. Semester hours credit in college mathe -

matics was the only factor noted as significant on both occasions.
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Hypothesis II.

The second hypothesis investigated was stated as: There will be
a significant difference on an arithmetic attitude test between the post-
test scores of a group of elementary school tecachers who have partici-
pated in an in-service education program and their pre-test scores or
the scores of a similar group who have not participated in the in-
service education program,

Findings. --When the second dependent variable, changes in attitudes
of elementary school teachers toward arithmetic, was evaluated by
the administration of the 1961 Revised Dutton Arithmetic Attitude
Inventory to participants in two in-service workshop groups as well as
a similar group of tecachers who werec used as a control group, it was
noted that all in-service groups made numerically higher scores;
these gains, however, were significant at the ., 05 level for Group A}
and Group A but not for Group Bj.

In the analysis of covariance, which was utilized for evaluation
of this test data with respect to that part of the study having to do with
the comparison of change in attitudes, there was a significant dif-
ference between the post-test scores of the experimental and control
groups. The F-ratio was significant at the .05 level and, as a result,
it was concluded that the in-service workshop in mathematics was
effective in improving the attitude of the participants toward arith-

metic,
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Related Questions, --In connection with the second hypothesis, two

related questions were studied. These questions werec:

1. What effect, if any, does a pre-test have upon the post-test
scores of a group of teachers who participated in the in-
service education program? 3

2, What is the relationship of improvement in basic mathematical
understandings and change in attitude toward mathematics to
teacher and background factors?

To determine the effect of a pre-test upon the post-test scores,
the significance of the difference between mean scores of Group B, a
group of thirty-five p:articipants in the in-service workshops who had
been divided at random into two groups, one group given both pre- and
post-test and the other given post-test only, was examined through the
analysis of variance,

It was noted that there was no significant difference between the
post-test scores of the two research groups which were used to
evaluate the question of test-retest effect; it was concluded that,
within the limitations of this study, a pre-tcst did not contribute sig-
nificantly to the post-test scores on an arithmetic attitude test madc
by a group of elementary school teachers participating in an in-service
education program,

To study the degree of relationship between sclected background

factors and attitudes toward arithmetic, product-moment corrclation
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coefficients for all background factors, except highest degree held,
were obtained for both control and experimental groups. Using a
table of values of correlation coefficients for different levels of sig-
nificance, it was noted that the correlations between the pre- or post-
test measures and selected background factors were neither significant

nor approached the level of significance.

Hzgothe sis I_II_

The third hypothesis investigated was stated as: There will be
a significant difference between the classroom practices of a group of
elementary school teachers who have participated in an in-service
education program and a similar group who have not participated in
the in-service education program,
Findings. --The "Texas Elementary School Mathematics Classroom
Practice Schedule'" was utilized to elicit responses from a random
selection of pupils from the classrooms of teachers in one of the in-
service (experimental) groups and an equal number of pupils from
classrooms of a similar group of teachers who had not participated in
the workshop. Using a t-test for comparison of means between
experimental and control groups, it was pertinent to note that, within
the limitations of this study, and for the particular group used, a
mathematics workshop could be helpful in changing the classroom

practices of teachers who had participated in the in-service education
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program in mathematics for the elementary school (K-8) teacher,
Teachers in the experimental group were also reported by the pupils
at the end of the in-service program as using a grcater amount of
time in discussion, involving pupils in a greater number of non-
textbook activities, and using a greater number of non-textbook
materials than reportedly had been in use at the time of the pre-
interview. However, only one of these quantitative dimensions, num-

ber of non-textbook activitics, was noted as significant.

II. Major Conclusions

The analysis of the data obtained in this study and presented in
the preceding chapters appears to warrant a number of conclusions.,
These conclusions seem reasonable on the basis of evidence obtained
from: (1) a review of literature and (2) the findings of the present
study.

A review of literature pertinent to the present study revealed
numerous concerns in the area of in-service education and the
teaching of elementary school mathematics.,

Some of the more important of these concerns are cited below:

1. As a part of a nationwide attempt to revitalize and update the
schools, changes have been and are being made in the mathe -

matics curriculum of the elementary school,
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A careful preparation of elementary school teachers in mathe -
matics subject-matter has become an important aspect of an
improved program of arithmetic in the elementary school.
Appropriate provision for the in-service education of tecachers
is nceded.
Curriculum revision of professional courses at the pre-service
and in-sefvice level should be concerned with the improvement
of subject matter as well as with the principles of teaching the

subject matter.,

Evaluation of importaﬁ»t mathematical outcomes has not kept
pace with instruction in America; there is a nced for more
systematic and comprchensive research relative to evaluating
the newer outcomes of arithmetic instruction,

Few research studies have attempted to evaluate objectively the
effectiveness of the various techniques being employed in the
in-service education of tcachers.,

Conclusions which were an outgrowth of the findings of this
were:

In-service education workshop participants (¢xperimental), with
the exception of one group of primary teachers, made gains
between pre- and post-test on a test of mathematical under-
standings which were not only numerically higher but also

statistically significant; however, the gains for one of the
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workshop groups, a group of primary teachers, were not noted
as significant,
When the scores made by a group of elementary teachers who
had participated in an in-service education program were
compared \vit}; a group of teachers who had not participated in
the in-service education program, the participants in the
mathematics workshops for elementary tecachers made gains
on a test of mathematical understanding which were not only
numerically higher but statistically significant,
In-service ecducation workshop participants, with the exception
of one group of primary teachers, made gains between pre-
and post-test on an attitude inventory which were not only

numerically higher but statistically significant,

When the scores made by a group of elementary tcachers who

had participated in an in-service education program were
compared with a group of teachers who had not participated in
the program, the participants in the mathematics workshop for
elementary teachers made gains on an arithmetic attitude
inventory which were not only numerically higher but statis-
tically signif.icant.

Within the limitations of this study, and for the particular group
used, a pre-test did not contribute significantly to the workshop

participant's capacity to develop mathematical understandings.
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6. Significant relationship was found to exist between the pre- and
post-test scores of a test of mathematical understandings and
the background factor, semester hours credit in college
mathematics.

7. Within the limitations of this study, and for the particular
group utilized, a pre-test did not contribute significantly to
the participant's attitude toward arithmetic. ‘

8. No significant relationship was found to exist between cither
the pre -test or post-test scores of an attitude inventory and
selected teacher background factors.

9. Teachers participating in an in-service education program were
reported by their pupils as making more significant changes in
their classroom practices than did a similar group of teachers

who had not participated in the in-service education program,

III. Implications and Recommendations for

Curriculum and Research

Numerous sources in the field of education have pointed to the
nced for the critical, objective analysis on the effectiveness of
various kinds of in-service education programs; The present in-
vestigation represented an attempt to analyze the effectiveness of the
workshop as one mecans of in-service tecacher education for developing

needed mathematical understandings of elementary school teachers,

-
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for changing the attitude of elementary school teach¢rs toward mathe -
matics, and for improving classroom procedures of teachers with
respect to the teaching of arithmetic., It has affirmed that such an in-
service program is both fecasible and practical,

By the design of the present experiment, the data were employed
simply to indicate that, through a comparison of differences in mcan
scores for individuals or differences in scores hetween experimental
and control groups, changes identified could be attributed to the work-
shop. The establishment of such a causal relationship, perhaps, is
not as méaningful to educators as the explanations for these changes,
Therefore, further research related to and growing out of this study
should serve to facilitate in-service education programs and their
effect upon pcople. Several suggestions for rescarch secem warranted.
They have been organized in two categories: (1) implication for in=

service education and (2) implication for research,

Implication for In-service Education

Methods of in-service education, -=There is a great need for the evalua-=-

tion of the relative effectiveness of other forms of in-scrvice educa -
tion, Certainly the method or methods most cffective and most
expedient should be used. Thercfore, studies which evaluate the
effcctiveness of the various forms of in-service education--child

study programs, orientation sessions, teachcr inter-visitation,
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and the use of printed materials, films, or videcotapes --would be

valuable,

Organization of in-service education. --Within the scope of the present

study, it was not possible to manipulate or observe the effect of an
in-service program which utilized various leadership roles, What
would be the relative cffectiveness of in-service education when the
program is principal directod, teacher organized, or planned ex-
clusively by the central office? Studies which attempted to analyze
the effectiveness of one or all of these organizational patterns would
be helpful.

Findings of the present study tended to indicate that an in-
service education program which was concentrated into a short period
of time could make for significant changes in improvement in mathe -
matical understandings, change in attitude toward arithmetic and
change in classroom procedure related to teaching of arithmetic.
Studiecs are needed which would compare an in-service education
program which is concentrated into a short period of time with one
extended over a longer period of time.

Since the data used in the present study were obtained from one
series of workshops, similar studies using other populations are
needed. Is it possible that a higher degree of positive change would

rcsult from an in-service education program in which teachers less
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qualified participated? Would a higher degree of positive change re-
sult if college credit were given?

Evaluation instrument, ==Since the examination of arithmetic tests re-

vealed that no test commonly used at the present time contained more
than a few items designed to measure mathematical understandings,
further study and refinement of the instrument developed by this in-
vestigator for evaluating mathematical understandings seems feasible.
Further refinement and evaluation of the Interview Question
Schedule used in the present study would also meet a growing need,
What anxieties are produced as a result of a testing program
and to what extent are the outcomes of an in-service education program
restricted by the nature of the test instruments? Even though most
educators agree that paper-and-pencil tests contribute much useful
data to the total evaluation program, studies are needed which would
utilize the individual interview or conference, a procedure which
would provide the investigator with the opportunity to: (1) observe

what the individual does and (2) question the individual.

Implications for Research

In order to provide further support for the hypothesis concerning
change in classroom procedure with respect to tcaching of arithmetic,
future research might elicit responses from not only the pupils of

teachers of experimental and control groups but also, through some
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type of survey questionnaire or information form, obtain data from
the teachers themselves, Thus it would be possible to note an agree-
ment or lack of agreement between the data that the sample respond=
ents (teachers) reported about themselves and that reported by their
students.
Retention, --To what extent do teachers retain concepts, at_titudes, v
and teaching procedures developed as a result of in-service teacher
education programs? Do these gains continue to grow or decline in
subsequent months and years?

Since one of the objectives of the state-sponsored workshops
was related to building a foundation for further self-improvement,
studies are needed which would atitcmpt to determine if the under-
standings derived are more effective in subsequent years than during
the actual time of presentation.

It was pointed out that one of the basic premises of in-service
education is that professional growth of teachers will bring about
increased achievement or learning in pupils; studies are needed which
attempt to determine how the teachers' mathematical understanding
before and after the in-service program is related to changes in pupil
achievement,

In conclusion, it seems that the present study has pointed to the
need for an objective and more critical evaluation of in-service

education if in-service education is to contribute to the present-day
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demand for teachers who are trained in an up-to-date approach in
mathematics and who are familiar with the many new tools to be used

in teaching.
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APPENDIX A

TEACHER BACKGROUND INFORMATION

Name Sex
Address Home Phone
-Teaching Position Location

Years of Teaching Experience

Check one:

M. A. degree or more No. of high school credits
B.S. degree or more
but less than M, A,
B.S. or B.A. degree
Less than B.S. but
more than 90 hours

Less than 90 hours

in mathematics

No. of semester hours
of college credit in
college mathematics

No. of semester hours of
college credit in
mathematics teaching
methods

What bothers you most in teaching arithmetic?
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APPENDIX B

A TEST OF:MATHEMATICAL UNDERSTANDINGS =
Form A

Prepared by
Mildred Jerline Dossett
Southeast Missouri State Collcge
Cape Girardeau, Missouri

With the assistance of: Calhoun C, Collier,
James M. Drickey, Vincent J. Glennon, W, Robert
Houston, Lois Knowles, and Joe L. Wise

Directions: This test is designed to measure your understanding of
mathematics. Many of the items relate to the new content in present
programs of mathematics for elementary school pupils.

Each of the fifty-five questions is of the multiple -choice
type and includes four possible answers. Read cach question carecfully
and decide which answer best fulfills the requirements of the statement,
Then mark the space on the answer sheet to indicate your choice.

Mark only one answer for each question. If you change
your choice, erase your original mark and mark the correct one.

Sample Question:

Which of the following shows the decimal form of the fraction Z— ?
a, 125 c. 1.25
b, 12.5 ' d. .l125

Answer Sheet:

t d
) ) M )

Since (c) is correct, the space under ¢ is blackened.

“*Those items with an asterisk (%) are items from
Glennon's "Test of Basic Mathematical Understandings.'" Permission
was granted by the author to use any or all of the items on the "Test
of Basic Mathematical Understandings."

Copyright 1964
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1. When you write the numeral "5'" you are writing

a.
b.

__.C.

d.

the number 5,

a pictorial expression,

a symbol that stands for an idea.
a Hindu-Babylonian symbol.

2. Bill discovered that > means ''is greater than' and < means ''is
less than.' In which of the following are these symbols not used
correctly?

d.

The number of states in the United States < the number of
United States Senators.
The number of states in the United States > the number of

stripes in the flag.
23>32

3+a<5+a

3. When two Roman numerals stand side by side in a symbol, their
values are added

a.
— b,
C.
d.

always.
sometimes.,
never.

if the base is X,

4, Which of the following describe/describes our own system of

)( numeration?
a. additive
b, positional
c. subtractive
d. introduces new digits for numbers larger than 10

1) a and b are correct.

2) a and c are correct.

3) a and d are correct.
)

4) a, b, and d are correct.

5. Zero may be used’

a.
b.
C.

—d.

6. 2,
a.
b,

—Co

d.

as a place holder.

as a point of origin,

to represent the absence of quantity.
in all of the above different ways.

200,02 is shown by
2000 + 200 + 20,
2000 + 20 + 2/10.
2000 + 200 + 2/100,
2000 + 200 + 200,
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1.

12,

13.
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5840 rearranged so that the 8 is 200 times the size of the 4 would be
a. 5840.

b. 8540,
c. 5048,
d. 54083,
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