Analysis of Research

IN THE

Teaching of Mathematlcs
1957 and 1958

by KENNETH E. BROWN, Specialist for Mathematics, Office of Education
and JOHN J. KINSELLA, School of Education, New York University

OE - 29007

 Bulletin 1960, No. 8

U.S. DEPARTMENT
OF HEALTH, EDUCATION,
AND WELFARE \

ArTHUR S. FLeMMING . . . .. .. Secretary

Office of Education
Lawrence G. DertHICK . . . Commissioner




) A
' .
Contents
Page
" Foreword . . A ' . I
Introduction . .. | : l o ) 3
Research in the Teaéhing of Collq& Mathematics - o 4
R' . in the Teaching of High School Mathematics __ ... 8
R:Z:: in the Teaching ofl Elementary! School Matlematica . 12 |
l’n\answcred Questions in the Teaching of M.alhemulics - .20 '
Appendix: Summary of Research Studies . .23
’ ' “ : iii




» N
“THE AMERICAN EDUCATIONAL SYSTEM — fine as it is

" in many respects — can be, and as a whole shotld be, substangially
improved . . .

“To attain these ends we conclude that four major areas need
specific and urgent attention throughout our educational system:
(1) the curriculum and the content of courses, (2) the quality and
effectiveness of teachers, (3) the recognition and encouragemént
of students, and (4) -the development of intellectual leadership.”

A\ ]

Statement by the Presideat’s Science
Advisory Committee L
EDUCATION FOR THE ACE OF SCIENCE
- May 24, 1959
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Foreword . _
‘ THE INCREASED COMPETITION ia technical advancement tas made
‘the need for high quality. scientists, engineers, and technicians stand
out in bold relief. Better instruction in mathematics in our public schools
can make a contribution to the quality of our scientific personnel. If
research findings are implemented in the classroom they likewise can
make a contribution. The purposé” of this study is to help implement
rescarch findings by making avallable the results of research in the *
leachmg of mathematics that have iiﬁreportrd to the Oﬂ:cc of Educalmn -
dunng the calendar years 1957 and ~
It was for the purpose of dmcmmahng the findings of rescarch” oil
* the teaching of mathematics that the Office of Education in ‘cooperation - >
with the National Council ‘of Teachers of Mathematics reported summaries
of research in mathematics education in 1952 (Circular No. 877) and in-
1954 (Circular No. 377-11). These summarics received many favorable
comments and 'suggestions from readers in mathematics education. As a
" result of the suggestiorfn, the Office. of Education and the Council “co-
operated further by summarizing research completed in mathematics * . -\
education during the 2-year penoJ 1955-1956 and also in analyzing )
the material. i o ‘ -
.The present bulletin is a summary and’analysis of the research in
the leachmg of mathematics for the calendar years 1957-58. It"is hoped
that the present study will be helpful bfth to researchers and claasroom/
teachers.in their efforts.to improve the teaching of mathematics.

“The Office-of Education is grateful to the Deans of Graduate Schools
and to research workers™n mathematics education who supplied the data
-on which the study is based. Without their cooperanon it. could not -
have been preparéd. Cooperation in preparing this report was also effected
through the Research Committee of the National Council of Teachers of
Mathematics. The members of that committee were John J. Kmaaya.
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" School of Education, New York University; Howard Fehr, Teachers College,
Columbia University; Sheldon Myers, Educafionai Testing Service, Prince-
ton, New Jersey; Fred Weaver, School of Education, Boston Umvemty
and Kenneth E. Brown, U. S. Office of Education, Department of Health.
. Education, and Welfare. /
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Director . Assistant Commissioner
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ANALYS]S OF RESEARCH IN THE
TEACHING OF. MATHEMATICS




Introduction

TO ASSIST in the collection and dissemination of research findings
in the teaching of mathematics, the U.S. Office of Education with the
aid of the Research Committee of the National Council of Teachers of
Mathematics sent an inquiry to 817 colleges that offered graduate courses
in mathematics or whose staffs had made previous contributions in this
field. The committee received answers to the questionnaire from 399
colleges. “Of the 399 colleges, 59 reported research in the teaching of
mathematics. The Coramittee carefully studied the 111 research studies
reported by these 59 colleges and selected 73 of them for inclusion in
this analysis. Those that were selected are 14 studies by college faculty
members. 32 doctoral dissertations, and 27 master’s théses. 'A summary
of each is included in the appendix.

If an attempt were made to classify the studies according to the
major emphasis there would be considerable duplication. For example,
about the same number of studies were concerned with methods as with
content.  Yet, several studies wére on both content and method. Among
the other topics considered in one or more of the studies were television
in the teaching of mathematics, preparation and competence of teachers,
modern mathematics in the, high school program, visual aids, activities
of mathematics clubs, hompgeneous grouping, and programs for the
superior student. '

Therefore, ipstead of attempting to classify the findings on the basis
of the major emphasis in the research, they are presented according to
pertinent questions in mathematics education. Although there is con-
siderable overlapping when the 73 studies are classified according to
grade levels, the questions and analyses are reported under three headings:
Research in the Teaching of College Mathematics; Research in the Teach-
ing of High School Mathematics; and Research in the Teaching of Ele-
mentary School Mathematics.  The college level contains 23 studies;
the high school level, 28; and the elementary, 22. Within each analysis
the names in parentheses denote the investigator whose study is summarized
in the appendix.
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Research In The Teaching of College Mathematics

ON the college level, research in the teaching of mathematics was con-
centrated on the preparation and competence of elementary and secondary
school teachers of ‘mathematics and the use of television in teaching
mathematics. Also included were studies, on predicting success i college
mathematics. Questions. and commentary on these and other problems
will now be presented. w

1. What do the studies on the use of televsion indicate?

The prediction that by the early 1960's the colleges will be flopded with
applicants has caused some educators to look to television as a means
of helping meet the problem. 7 ~

One study (Alkire) seemed to indicate that a course in the teaching
of arithmetic could be 4aught more effectively by ‘television than by tra.
ditional means, despite the lack of opportunity for questions and dis-
cussion. The television medium seemed to engender greater student interest
and closer attention than the classroom setting. On the other hand, another
investigator (Schied), who taught the calculus by television, ascribed
the slightly better learning of the television students to better-prepared
lectures. In another investigation (Elliot), college algebra and trigo-
nometry were taught by a combination of television and regularly scheduled
help sections. Thé television students again did decidely better on the
examinations. The investigator gave the major credit to the help
sections. Too. the fact that there were five different opportunities per day
to receive the program was probably an important factor in the results.
" Finally, another study (Hooten) concluded that the principal criteria for
a good mathematics television program are tiat the mathematics must be

“impeccably accurate” and the presentatlon n{eaningful to the viewer.

2. What does research say abous the mathematical competence and prepara-
tion of the elemencar‘hool teacher? -

4
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Previous studies have pointed to the scanty mathematical preparation of ™
elementary school teachers and their lack of arithmetic understanding.

At a large university it was f6und (O’Donnell) that seniors preparing to
be elementary school teachers had a grade mean of 13.14 in arithmetic
achievement. A comparison of prospective elementary teachers bf India
and of an Iowa teachers college |(Sahai) showed that the American students
were superior ip, nearly all aspects of Sﬁ% A third study (Knight)
revealed that a program of mathematical prggaration involving concepts
of modern mathematics was more effective in producing competence in
computation and mathematical reasoning than a traditional course involv-
ing arithmetic, algebra, and geometry. Finally, procedures were described
“(Rudd) for conducting an inservice course for teachers of arithmetic which
brought about considerable growth in teacher’s understanding of arithmetic.

3. What does research tell us about the preparation of high school teachers
of mathematics? :

In recent years the need for up-grading the preparation of teachers of
high school mathematics and science has led to the widespread development
of National Science Foundation programs.

A Kansas study (O’Hair) revealed that the mathematics preparation of
126 high school teachers in class A high schools ranged from 12 to 75
semester hours with a mean of 31 hours. Ninety percent of 50 college

mthematics instructors and 87 percent of 150 school administrators wanted

school and college mathematics programs revised along the lines of
modem mathematics. .An Ohio study (Zimmerman) indicated that in a
college of education the number of hours completed in mathematics and
education by high school teachers of mathematics was practically the same.
Although liberal arts students had significantly higher intelligence test
scores than education students preparing to teach mathematics, there was
no significant difference in the grades in mathematics courses taken by both
groups.

While the results of these twp studies are encouraging, the situations in
some of the other48 States leave much to be desired. -

3. What are the findings of studies dedulg with the pedagogy and
organization of mathematics courses?

In the past such studies have been rare at the college level. The ideas that
teaching cannot be stereotyped and that the students are old enough to -
ke charge of their own luming have been quite prevalent among many
college instructors.

A method of teaching the calculus emphnmng the. use of student-dis-
covery procedures (Cummins) produced better ynderstanding of the subject




.6 . AI‘ALYS]% OF RESEARCH, IN TEACHING MATHEMATICS

and just as much manipulative skill as the traditional approach. At Dan.
mouth (Kemeny), the special training in small groups within mathematics
, honors sections increased vastly the number of students entering graduate
work in mathematics. In planning a methods course for prospective
teachers of mathematics, one investigator (Felder) concluded that . the
instructor must be prepared both mathematically and professionally, and
that the students must be interested in teaching as well as in mathematics. -

5. To what extent do grades and scores on tests predict success in college
mathematics?

Despite the fact that the great number of variables involved in predicting
scholastic success practically precludes much accuracy in the endeavor,
efforts in this direction continue to be made. It was found in one college
(Brown) that grades in mathematics courses could not be predicted from
credit-point averages in courses preceding them. The Q-score on the Ameri-
can Council on Education Psychological Test and the P.E.A.T. scores were
found to be fairly good predictors of the success of engineering freshmen

(Leo).

6. What should be the program of general mathematics in junior college?

As in the case of ninth grade general mathematics, the answer to this
question varies according to the preparation and ability of the students, and
with the social-vocational and geographic factors associated with the given
institution. In fact, the content of the course found g ry for terminal
students in a California junior college (Rowe) diffefedftle from that found
in syllabi of ninth grade general mathematics courses in other parts of the
United States.

~

7. What are the mathematical needs of semiprofessional engineers?

In recent years it has been pointed out that the mathematical needs of
semitechnical workers have been increasing. One group of the mathematics
needs of semiprofessional engineers (Madole) réveals that the courses need-
ed, ranked in terms of importance, are trigonometry, algebra, solid geometry,
and analytic geometry. Although calculus is usually required in the prep-
~ aration of these students, their employers do not even list it as important.

8. Khat happens to students who prepare to teach mathematics?

The problem of holding mathematics teachers in teaching has become a
crucial one. One study (Frigo) showed that only 52 percent of the respond-
ents from the classes of 1950-55 in the mathematics department of a New
Jersey teachers college were still in the field of education in 1957. Most
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of the respondents had taught in grades 7 to 9 during their first year; the !
subjects taught were usually arithmetic and general mathematics. The |
salaries of the nonteaching men exceeded that of the male teachers by $1,000.
Four-fifths of the men and one-fourth of the women teachers found it
necessary to supplement their salaries.

This is not an encouraging picture.

9. How have teachers of mathematics in liberal arts colleges changed over
the years?

The picture of the mathematics professor was shown (Gavurin) to have
changed, since the founding of Harvard, from an individual educated in the
classical tradition to a highly-trained specialist in a well-developed field.

-
/
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Research In The Teaching of High School Mathematics

O N this level research seems to have been influenced to some extent by
the recommendation of several organizations of national standing that
students of superior ability in mathematics be taught more challenging
ideas. Studies of the readiness of students for the earlier introduction
of traditional content and plans for revising 12th year mathematics programs

are relatively frequent. Discussion of these and other problems follows
below.

1. Can high school students learn some of the concepts of modern
mathematics?

One investigation (Byrkit) involving a small number of high school
seniors indicated that the formal study of relations and the learning of -
certain ideas in number theory were feasible topics for these students.

Another study (Roughead) involving average students at the 10th
grade level showed that the basic notions of set -theory, including its
terminology and its visualization by Venn diagrams, and the graphing of
inequalities were interesting and comprehensible to these students. Ma.
terials involving the notions of set, variable, relation and function were
taught to’ students in grade 10 and above by methods involving teacher.
pupil planning and the discovery of generalisations (Grubb). The 17
students made great gains from September to May in their scores on
the Langton First-Year Algebra Test.

2. What should be the program in 12th year mathematics for the average
and above average pupil? :

Four studies (Garb, Kaufmann, Lawton, Clark) dealt with this course,
which . obviously enmrolls students superior in mathematics. The first
(Garb) concluded that material from space coordinate geometry, the
algebra of sets, logic, statistics, and integral calculus should be included
in the course. The second study (Kaufmann) suggested that solid geometry
should largely be incorporated into the plane geometry course and that

8
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topics In analytic geometry, statistics, and the calculus replace some of
the traditional content.

From the results of a questionnaire to college mathemancs instructors
and college students in mathematics courses the decision was reached that
at the 12th grade level solid geometry as a distinct course should be
dropped; that greater emphasis should be plaged on graphing, analytic
zeometry, and the theory parts of trigonometry; and that some work on
statistics should be added but no set theory or symbolic logic (Clark).

It is obvious that complete agreement is lacking on this question of
the content of 12th grade mathematics.

3. When can students begin to learn algebra?

One study (Davis) involving several teachers and classes in upstate
New York reports that considerable algebra can be learned as early as
the seventh grade. ’

4. When can students begin 1o learn logical proof and demonsirative
geometry? ]

A unit on deductive proof and an introductory unit in plane geometry

were taught in grades from six through ten (Corley). It was found that

concepts from demonstrative geometry could be taught as low as the
seventh grade with a reasonable expectation of success.

5: Af\u grade level should certain measurement concepts be taughs?

Ondfstudy (Beane) suggested that the concept of “ordering,” using such
ideas as longer. than, nearer than, etc., be taught in the primary grades;
that measurement involving the use of different scales be introduced in the
middle grades; that the concepts of standard units, the approximate nature
of measurement, noonncy, and precision could be learned during the
junior high school years; and that a postulational approach to measurement
might be tried in a course in demonstrative geometry.

Andther -study (Boeckmann) emphasized that the development of the
notion of approximate data was essential to the teaching of the slide rule
at the ninth grade level.

6. What do the studies on the learning of algebra show?

In a sudy of penetration in solving sigebra problems (Hammer) the
outstanding findings weré the uniquenéss with 'which each student arrived
at insight and the dependency of successful solving upon the attitude toward
solution, .| Getting an' acceptable answer was usually the student’s primary
cmsuduumdm;%hpmhhnmdihooluionmmondury

Q.
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10 ANALYSIS OF RESEARCH IN TEACHING MATHEMATICS

When algebra was organized and taught around certain unifying themes
instead of the usual topics, students developed as much manipulative
skill, while acquiring a greater understanding of the nature of mathematics.
(Kushta). )

Using a 'modification of the Winnetka individualized approach one
investigator (Keith) found that “in beginning algebra students made more
progress when working independently than when they were being taught
as a group.”

Two methods of determining the characteristic of a logarithm and
the decimal point in the antilogarithm were compared (Clebowicz). What
differences there were favored a method involving the counting of the
number of places between the decimal point and a reference point
immediately to the right of the first nonzero digit.

.
v. How effective are visual-factual devices in teaching mathematics?

A kit of sixteen visual-factyal devices was used in teaching areas, volumes,
and the pythagorean relation in the eighth grade (Anderson). The stu.
dents using the devices scored higher, but not significantly so, on the

" tests used. There appeared to be no relation between the amount students

¢laimed they used the deviges and the scores earned on the tests.

It was determined that:lcaching aids in plane geometry were not widely
used due to inadequate storage facilities, insufficient time for constructing
them, lack of money, inconvenience of usage, and difficulty in obtaining
such aids (Turney).

8. What do the studies on the teaching o[v\geometry reveal?

A textbook procedure for teaching area to seventh grade students was
compared with an experimental unit method (Green). The experimental
group performed significantly better than the other group. The discovery
emphasis seemed especially preferrable for students above the median
in intelligence test scores. _ -

Plane geometry was developed by algebraic means (Richards). It was
suggested that after three or four semesters of algebra such an approach
might be feasible. ' ‘

9. Which activities are interesting to members of & maghematics club?

Tenth grade plane geometry students listened to descriptions of certain
topics for a mathematics club and then rated them in terms of interest
(Lombardi). The reactions of mathematics teachers were also obtained.
The students chose, in order of preference, field trips,” construction
Projects, pure mathematics (topology, fourth dimension, etc.); recreational

<




HIGH SCHOOL MATHEMATICS 11

mathem.qtics, and history .of mathematics; teachers, like the students,
placed field. trips first.

L §
10. How does mathematics education in the United States compare with
) that in other countries? \

In both Norway and Sweden, one study (Wahlstrom) indicates that
mathematical ideas are more gradually developed in both the elementary and
secondary school grades. Students spend more time studying mathematics
in school and at home. Subject matter and instruction are more uniform.
Teachers are better prepared but their instruction tends toward the tra-
ditional. Much attention is paid to theory. Many applications are made
to geometry. Examinations are comprehensive and thorough.

11. What do groups outside of the school think about the high school
mathematics program?

In Oswego, Illinois, 56 representatives of agriculture, small business,
industry, and colleges considered that the same fundamental mathematics
training was necessary for all students (Shull). More mathematical
training in the processes of arithmetic was requested. Critical thinking
was rated as one of the most important products of mathematical
training. The colleges and industries desired more advanced mathematical
training for high school graduates.

12. To what extent are the proposals of authorities in mathematics
' education being put into practice?

By means of a questionnaire, proposals of authorities.in mathematics
education were compared with practices in the areas of aims, curriculum.
methods, and evaluations (Shetler). The instrument was sent to a 10
percent sample of all secondary schools in the 20 States of the North
Central Association.

There was agreement between the authorities and the respondents on
aims. Multiple-track programs were well-established. Many teachers still
fehthcirprognmiwcreinndequna. The degree of agreement on class-
room methods and evaluation was indicisive — high on some items, low
on others. Thepraeticureeomendedbythoexpensmfollwedmogt
closely by teachers who spend most of the day teaching mathematics and
by those who are receiving professional assistance in their teaching;
the larger schools and the city public schools also tended to follow the
fecommended practices -closely.




Research In The Teaching of Elcmenury
School Mathematics

escarch in-the teaching of arithmeti# during 1957-58 deak mainl,
whhpmblemoolvmg,tbodcvdopnaﬂofmngmdunduﬁnndﬂng
and the comparison of alternative ways of teaching certain topica. ~ Homog-
enous grouping, tesching aids, programs for superior pupils, and factors
in achievement also received minor attention. 'nnmmdmtodn
hsyquauom are briefly summarised below.

l. thaonnmwhwwgwamﬂmammum
problem-salving ?

High confidence, ‘ability to interpret vocabulary, and computational
reasoning were significantly associsted with the problem-solving ‘success
of sixth grade students (Corle). The-type of operations involved, the
familiarity of the problem setting, and the presence of superfluous numer-
icddchw&nloundlobethcimponmhaqninoolvingpmbhmm
another study (Post). In neither investigation was oompuuuoml ability
found to be a significant factor.

2 Arelcmmuuahlmdn&co]u&domhc’

Smhgndepupukglvennmuofpmpuedboominmmullmhmux
not only gained significantly in their ability to solve arithmetic problems
pn.artzdonﬂybﬂmpmdleontrolmhuglntndiﬁmnny.m
gains in general arithmetic ability (Damgaard). -

3. Donmhmdagﬁlpﬁepmbwmewmpuawbd
in computation?
Onataltofadthmoﬁcmeminpmomthnlhmfoudnofmﬂy
400 seventh and eighth grade pupils in a a large city scored less than 50
percent (Rappaport). Pnpihwithhighnhiminmpwlﬂonmld
hmlowwhievana:tonamuninpu.bmdmemnomm
high achievement on' mumnp and low achievement in oompudoml skill.

12
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5 What is the most effective way of dividing the tims between the

developmens of mav.u'ng: ond computational practice in the

Intermediate grade pupils in groups devoling 75 percent or 60 percent

of their class time to developmental work achieved significantly higher

.scores on tests measuring their understanding of arithmetic and compu. .
ational skill, than pupils in groups devoting a smaller peroent of class

time to such developmental work (Shipp).

5. Should the concepi of a fraction as a rasio be emphasized a1 the fifih
grode leved? '

Of 200 fifth grade pupils, oné group was taught a fraction approach
i dealing with parts of a collection, while the other gToup was taught
a ratio method (Silvey). When the numbers were 108 or 1008, and
the parts were 10ths or 100ths, the ratio approach was easier in examples
of lho.:. (¢)=d type, if either c-or d was the unknows™ It was suggested
that the notion of ratio be.imtroduced before the opdrations on fractions

aro taught. -
0. What is the bess way 10 teach the location of the decunal point in
division?

In an experiment involving four sixth grade classes in three communities
ono group of students was taught to locate the decimal point in the
quoﬁmbylhemnlmbodo(“movingdodmdpoim;"mhupoup
uuuughlomkomanumbao(decimdplminthaquoﬁm!eqml :
to the excess uf those in the dividend over thoss in the division (Spooner).
Tests revealed that neither method was superior in terms of accuracy, but
that the second method surpassed the first on the basis of “meaning -
given to the answers of verbal problems™ and the time required to perform
the computations. - .

‘. Is homogeneous grouping in mathematics classes effective at the
seventh grade level?
Sixofl?muﬂhgridoda.umfotmedintohomogmoompoupo
cach by one of six criteria (Rogler). These were low 1Q, low achieverent,
higbﬁevﬂ,lowmdingubﬂhy.lownddmmy.‘ndhid\wcid
maturity. None of these homogeneous groups did any better in achieve.
.ment than groups of uduflh having similar characteristics but enrolled
inonqof.tbllllal;aomdnﬁu;
8. SM.Mo]WMh‘MQMMP

7




14 ANALYSIS OF RESEARCH IN TEACHING MATHEMATICS

One investigator reports that using a variely of materials does not
produce better results than using only one material, if both procedures
are used for the same time (Sole).

Y. What is the best way to teach the concept of area at the fifth grade
level?

One group of children had repeated -experiences in finding the areas
of the same rectangular figures: the other group found areas of varied.
irregular figures (Sorenson). Neither method surpassed the other in a test
.on areas.

10.  What mathematics should be taught to superior pupils in grades :
and 8?

One plan is to include the concepts of number, symbolism, measurement
and approximation, statistics, operations, and. relationships (Bryan). Num.
bey systems, history of symbols and numbers, and real and complex numbers
are suggested as topics to be explored. By the end of grade 8 a semester
of elementary algebra would be completed.
> o ‘ ‘

11. Are S0-minute daily arithmeyc periods much better than A0-minute
periods?

In a study involving 600 sixth grade pupils from 15 schools of a large
city th€ group taught for the extra 10 minutes gained significantly more
in achievement than the group taught 40 minutes (Daugherty). Another
‘ investig\tor in the same city found that during the first year of a 2-year
study the extra 10 minutes made a difference of only .1 grade at the fifth
grade level (Denny). However the teachers using the 50 minute
period were given inservice #aining, the 50-minute group of pupils did
si;'lcandy better than th¢’40-minute group.

. How are gains in arithmetic achievement at the eight grade level
related to intelligence levels? ‘ 0

1

In a well-developed, statewide study in Minnesota it was found that
the middle 5 percent group in intelligence at the eighth grade level seemed
to gain more mathematics information than either the top or bottom 5
percent in intelligence (McCutcheon). '

13. What chﬁngcs have l&kcn‘ place in arithmetic as a school subject
since 1900? ’
Disciples of John Dewey influenced many teachers to base their arithmetic

in,
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instruction on child experience rather than abstractions (T ompkins). By
1920 the interpreters of Thorndike had led many educators to believe
that the way to teach arithmetic was to analyze it into many independent
skills and then give the pupil abstract drill on each of these. Around 1930
a side effect of this philosophy was the social utility notion of teaching
only that arithmetic needed in everyday life by nearly everyone. Since
1935 the field psychologists, especially Brownell, have been very influentiale
in making “meaning and understanding” the key words. The latest
development is the emphasis on meaning and understanding supplemented
by the drill necessary to insure the retention of certain arithmetic skills.

e~
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Summary
COLLECGE LEVEL

A STUDY of the research for 1957-58 reveals considerable activity in
the ares of the preparation and competence of teachers of elementar)
and secondary school mathematics. However, no investigations of the -
best ways of developing good teachers of college mathematics were received.
If in the 1960’s the colleges are inundated with students, the problems of
locating and inducting men and women into the teaching ofeolleg
mathematics are' likely to be serious ones.
'I‘hulsthefiru2yeupenodmwhxchunoﬁoeabledforthubeen
made to appraise the place of television in the teaching of college mathe-
matics. A special issue of the American Mathematical Monthly was even
devoted to the use of television in teaching. That the television medium
does engage the attention and interest of the students, at least, during -
their early contacts with it, does seem established. Whether the interest
is maintained for periods of time greater than a semester needs to be
investigated. The achievement of the television group is usually better
than that of the usual classroom group. The careful preparation of the
television lectures and the stimulation of the professor by the challenge
oftbenewmedmmmfadonthummtbeeonadendinupmments
evaluating the new medium.
'lhereudiﬂaduﬂhofd.&udeahngwiﬁltbepedsmyofoo!legt
mathematics. Is it just personality that makes one college teacher strik-
ingly more effective than another with a comparable grasp of his subject?

. What is there about the way outstanding teachers carry out their instruc-

tional activities that makes them so effective? Someone should try to make
a clinical study of a sampling of these outstanding men and women

-in action to see if there are clusters of patterns that might be of aid to

others who are less effective. Why shouldn’t some of the proposals of
Poly.mtlofthom.tbauwmwbotrhdoﬂudnudiedﬂletn&{ng
of mathematics to future social scientists be given a test.

chenldud:uofthepowuofeﬂdndﬁtopudhmin

16

[F




S - ﬂ

SUMMARY 17

college mathematics were received. Studies of this type have been legion
in the field of high school mathematics and other fields as well. Very
seldom is the correlation between the predictors and the criterion greater
than 0.70. Perhaps research energy could be used more profitably in
other directions.

HIGH SCHOOL LEVEL

During these 2 years many of the studies were probably influenced by
vrganizations like the Commission on Mathematics of the College Entrance
Examination Board, the University of Illinois Committee on
.\{admuia.thoNlﬁoulScimFoundaﬁonlnctimQ,mdtheNnﬁoml
Council of Teachers of Mathematics through its publications, especially
The Mathematics Teacher.

Theltudiuonthcrudineuofuudmtstolumdgebnmddanon-
strative geometry earlier were of a tentative, informal sort. Very few
students and teachers were involved. The duration of the experiments
was short. The subject matter selected was limited. The teaching
methodology was not always obvious. ,

mhvﬁpﬁmmm&emdpﬂeumuhmﬁalbould
be were usually done by one individual for one school. Evaluation of the
proposals in the classroom was always left for the future. The content
ofmodoftboﬁ?opouhmﬁdﬁnglydmﬂu,inmodinﬁneu,tothe
propouluoltheg.npolidedutbebeginningofﬂﬁ-mmnry.

There was only one study that

bew&uthuvuﬂ;bwmﬁmbumw
ond.oonntbo&hnotum-oulya Does it mean that the
verbdnmddmhudi&um,mh&fhuindiv&&?
Dmkmwﬂmmﬁwrdndmmruimmdme&o&?
Dmkmm:,&apimmalawdwlﬁchhmdifﬁmhto
mMoMebcumoﬂhnhuMofﬂudmtbeiudm




18 ANALYSIS OF RESEARCH IN TEACHING MATHEMATICS

in teachers, and the conﬂldmg aims of school admlmstratwn" These
questions should be investigated.

ELEMENTARY SCHOOL LEVEL

The investigators of problem solving in arithmetic agreed that many
factors were more important than computational skill. On the other
hand, these same investigatioxis uncovered different sets of factors which
were important in problem-solving. Would additional “n” investigations
find “n” additional discrete sets of factors? Is the number of variables
mﬂuencmg success in problem-solving so large that recipes and instructional
strategies are bound to be fruitless?

The research on meanings and understanding usually reveals that pupils
taught computations only don’t show much understanding. On the other
hand, pupils of average 1Q and above who receive instruction emphasizing
meaning and understanding not only learn to compute just as well as
those taught computations but also come to understand arithmetic better.
The research of 1957-58 does not dispute these statements. It is a pleasant
surprise when students learn what the teacher has not taught them; it is
hardly shocking when pupils do not learn what they have not been taught.

The investigations dealing with surveys of arithmetic learning at the
city and state level during 1957-58 raise some questions but hardly give
answers of broad application. If a 25 percent increase in class time
produces a 45 percent increase in grade score, would a 50 percent increase
in instructional time result in a 90 percent increase in grade score in
arithmetic? Where is the point of diminishing returns?

The study at the State level shows that schools with students of the
same IQ and initial mathematical achievement vary in what their students
achieve by the end of the year. This is a good beginning, but the “grass
roots” type of research requires that the reasons for the variations in
achievement be found, and that careful analysis of these reasons lead
to a plan for better education in specific schools.

RECOMMENDATIONS FOR FUTURE-RESEARCH

The recommendations for research in mathematics education made in
1955-56 apply to 1957-58 as well. Three major points were (1) that
crucial problems should be the subjects of investigation; (2) that more

research should be of the. cooperative, team-like type; and (3) that the

results of research should be clearly and adequately reported.

Some crucial problems were attacked in 1957-58: teaching mathematics
by television; finding out whether precollege students can learn some

»
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of the concepts of modern mathematics; studying the. holding power of
the schools with respect to mathematics teachers and the readiness of
superior pre-high school students for work in algebra and geometry; and
ways of increasing the number of undergraduate students who decide to
do graduate work“in mathematics,

As in 1955-56 there does not seem to be one reported research study
involving the active team-work of two or more investigators. As a result,
most of the studies reported are, in general, narrow in scope, limited in
duration, restricted to only a few teachers, and carried out in a con-
stricted geographical area. "Thus random sampling, which is a necessary
condition for the use of statistical tests of significance and for drawing
generalizations, was not utilized. Yet such statistical tests were used!

The results of research cannot be clearly and adequately reported in
pamphlets like this unless the needed information js supplied. As a
minimum, the problem and subproblems should be clearly stated; the
number and characteristics of the subjects of the experiment, including
the teachers, should be provided; the duration of the experiment should
be specified; the methods or treatments used should be clearly described;
the method of sampling should be spelied out; the validity and reliability
of evaluation instruments should be given; and the findings should he
separated from the conclusions and recommendations.




Unanswered Questions In The Teaching of Mathematics

THE FOLLOWING QUESTIONS are those asked or implied by the
research workers whose studies were reported during 1957-58.

1. What-are the most effective means of changing attitudes toward mathematics”
2. What are the most effective means of increasing interest in mathematics?

3. Would a discovery approach applied to upper undergraduate mathematics
courses produce more learning?

4. What are the characteristics of good teachers of mathematics in terms of
what they do and how they function?

S. HthMnﬂmMmlﬂpmmxn secondarv
school mathematics teachers be revised?

6. How can crestive thinking in mathematics be evaluated?

7. To what extent have the mathematics programs of American colleges been
revised to include more of “modern mathematics?”

8 What conospts of algebra can be successfully taught in grades 4 to 67

9. Howmunderﬂudmgofnlgehn.inmhﬁvithmnlnhﬂwokﬂkbe
evaluated?

10. What “dead wood” should be pruned from present courses in arithmetic’
Algebra? Geometry? College mathematics?
11.. How can graphing be taught more effectively?

12. Wmmnpmunmhhﬂmlorw;mthenwl
proof at the ninth grade level through algebra?

13. Are integrated mathematics courses at the opllege freshman level more
effective than separate courses in college algebra and trigonometry?

14. Are integrated mathematics courses at the 10th or 1lth grade level more
effective than separate courses in plane geometry, advanced algebra, and trigonometry?

15. mmwmmmmmhmm
effective than those with weak preparation?

16. Ammondnnnchod%whhmmnduhmtbmdumm
effective than those with weak preparation?

17. Towwwmmwapﬂh&nadmm»hunmntbe
seventh and eighth grade levels? R

18. How do elementary school uudwuddlﬁcﬂn.ubﬂityumm
problems?

- »
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19. What is the most effective way of teaching the “three cases” in problems
involving percent? -

20. What kind of inservice training is most effective in improving teachers of
secondary school mathematics?

21. How effective is the teaching of algebra lhrou;h its physical applications?
22. How effective is the teaching of plane and solid geometry simultaneously? .

23. What training in mathesnatics do our present high school mathematics teachers
have? N

24.  Aside {rom manipulative skills, what understanding of algebra do high school
mathematics teachers possess?
2. Wh(howupdhﬁohwhbhudodwamm&a?

26. How.nchhowled‘uofcoﬂqemchmﬁahminedbym:chool
mathematics teachers after 1 to 10 years?

. TP 7 et W7, RV i T A
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Appendix: Summary of Research Studies

ALExanosR, Mauok J. A Development of
Syilabi for the Teaching of Algebra
and Genmetry st Glenn Vecational
High School. (M.Ed. 1958, Birming-
ham-Southern College, Birmingham,
Ala.)

Major Faculsy Adv&'sﬂ. Rsy Black.

Problems. — To determine: (1) a
relationship between vocational mathema-
tics and regular high school mathematics,
and (2) to develop syllabi for teaching
algebra and geometry st Glenn Vocational
High School.

Proceduare. - - High school msthematics
and shop theory texts were reviewed to
compare the usual high school mathe-
matics problems with the shop problems.
Instructors in the school were consulted.

Majer Findings and Conclusions. —
(1) The basic principles of mathematics
were found to be the same in the high
school mathematics problenmts and the
shop problems. (2) The shops require
more difficult, but more practical prob-
lems. (3) Syllabi incorporsting the
functional material were developed.

ALkmg, G. Don.© Mathematics lnumo
tion via Television. (1958, Fresno
State College, Fresno, California.)

Problems. — To determine the
effectiveness of instruction via television.

Procedure. — The ocourse, Advanced
Problems in the Teaching of Arithmetic,
was offered via television by Fresno
State College in the fall of 1956-57.
Fifteen' programs of l-hour each were

televised. Eighty-five etudents took the
course; of the 64 replies from the 71
who were teaching, 49 were in elementary
schools, 11 in junior high schools, and 4
in senior high schools.

A questionnaire was devised to evaluate
the degree of instructiveness, the quality
of imstruction, and the adequacy of the
technique of televising. About 80 stu-
dents responded to this instrument both
at midterm and at the end of the course.

The results of the midterm and final
examination scores of the television stu-
dents was compared with three other
sections of the course not taught by
telgvision.

Major Findings and Conclusions. —
(1) Compared with regular classroom
instruction, the television instruction was
more interesting; made understanding a
littde Jess difficult; yielded greater reten.
tion; produced greater attention; and
made leamning as efficient despite the
lack of class questions and discussions.
(2) The quality of the imstruction was
approved by the students. (3) The
television technique, especially the use of
visual aids, wes very satisfactory to the
students. (4) Based on the same exam-
ingtions given to the four groupd, the
television class achieved to a significantly
higher degre than the other three classes.

AnpersoN, Grorce R. Visual-Tactual
Devices: Their Efficiency in Teach-
ing Area, Volume, and the Phy.
{hagorean Relationship to Eighth
Grade Children. (EdD., 1957,
The Pennsylvania State University,
University Park.)

23.
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Meajor Faculty Adwiser. Abram

Vander Meer.

Problem. — To measure the efficacy of
-8 kit of 16 visual-tsctual devices used in
an eighth grade arithmetic unit involving

areas, volumes, and the Phythagorean

relation.

Procedyre. — A total of 541 eighth
grade students from three junior high
schools were divided about equally into
an experimental and s control group.
After 6 weeks of the same kind of in-
struction there followed a period of 8
woeks in which the teachers of the
experimental group uweed & kit of 16
visual-tactual devices in explaining new
mdterial to the students; the devices were
svailable at all times to the students for
self-belp and study. Tbommluw
did not wse any manipulstive devices.

On s progress test given at the end of
the six-week period, 204 paire of students

matched on intelligence and scores were -

formed. The criterion for comparing the
two groups of students was the combiped
score on tests on surfaces, solids, end
right triangles given during the period of
8 weeks. Questionnaires were administ-
ered to determine student preferences for
their ‘four major subjects at the begin-
ning and end of the period of 14 weeks,
and to find out the belpfulness and
frequeacy of use of the devices.

Major Findings and Conclusions. —
(1) On the criterion test the experimental
group consistently ecored higher than
thouudmhuutw
0. (2) The evidence for judging the
efficacy of the devices for studests with
high mental ages was inconclusive. Stu-
dents in the experimental group with low
mental ages ecored lower, but mot sig-
nificantly so, on the criterion test than
did students in the costrol group with
low mental ages. (3) There appeared to
be wo relation between the amount stu-
dents stated they used the devices and the
sceres ecarned en the criterion. :
use of the devices appeared to have little
effect on student preference for mathe-

Bhade!

(4) The

matics in contrast with their three other
major subjects.

Biang, Donawo Genz.  Concepts of
Measurement and their Implications
for the High Schoel Curriculum
(MA, 1958 University of Mlincis

Urbans.)
Major Feculty Adwiser. — Kenneth B.
Henderson.
Problems. — (1) To identify & set of

ceacepts and principles basic to ea un
dsuudh.e!ws (2) To de
termine which of these comcepts and
principles can probably be taught ia high
school mathematics and/er science
classes.

Procedare. — The literature dealing
with measurement was resd.

Major Findings and Conclusions. -
(1) The concept of ordering should be
taught in the primary grades. (2) Es.
perience in messuring with differen:
scales can be introduced in the middle
grades. (3) The comcepts of standard
units, significant digits, the approximate
nature of a measurement, accurscy, and
precision can be taught in the junior
high school. (4) Perhaps in the junior
high school the types of scales associated
with physical magnitudes can be taught.
(5) A postulational approach to measure-
ment might be istroduced in & plane
gcometry course. (6) Trigomemetry, or
the sciences, might be used to teach the
difference between fundamental n-d

~ derived measurement.

4

Bosxman, Hemman. Teaching Apprexi-
mate Deta and the Slide Rule.
(M.S, 1958, Hlinois State University.
Normal.)

Major Faculty Adviser. — T. E. Rine.

Problem. — To develop a unit on the
teaching of the alide rule for a course
hm&ngdodd-eamyl!ph\.

Procedure. — A unit for teaching the




APPENDIX 25

(1) The unit was effective teaching
the stw-
dents. (2) Plscement of the decimal
point wes the most frequent error made
1s a result of the method of tesching the
siide rule.  (3) The use of a classroom
scale model was infloential in the success
of the unit. (4) Seccess in wusing the
dide rule was highly associsted with
success in the unit on approximate dsts.
15) The unit on the slide rule made the
determination of the characteristics of
iogarithms in a later unit essy.

'in
the slide rule to 85 percent of

Beown, Ssstem Maay Danse, OSU. A
Study of the Mathematics Program
in the Institute of Techmology mt
Saint Lomis University. (EdM,
. 1958, Ssgint Louis University, St
Louis, Missoari.)

Majer Facalty Adviser. - Waldo A.
Vessau.

Problem. — 1o determine the relations
between grades carngd in msthematics
courses in the engineering school of Saint
\'Loﬁo University, St. Louis, Missouri.

Proceduce. — Various statistical meth-
ods, especially regression and correlation
analysis, were used 10 determine whether
credit point averages in mathematics
courses takean earlier could be used to
predict the correspoading averages in
mathemstics courses taken later.

Meajor Findings and Conclusions. —
Grades in previous courses did not colre-
late highly with those in the courses that
followed. Hence, such previous grades
could not be used for predictive purposes.

Bavan, Evrick Rossins. A Mathematics

- Program for Superior Upper Grade
Pupils. (M.S. ih Ed., 1958, Nlinoks
State Unijversity, Normal)

Major Faculty Adviser. — Francis R.

Problem. — (1) To learn what provi-
sions are being mtede for mathematically
superior pupils in the seventh and eighth’
grades, and (2) to suggest a mathematics
program for them.

Procedure. — Professional literature
was studied. A questionnaire to deter-
mine what was being dome for mathe-
matically superior studeats in grades
seven and eight was answered by 124
teachers of these grades.

Major Findings and Conclasions. —
(1) The survey of the literature indicated
s need fer special provisions for the
gifted child in the two grades but also
that litde had beem dome. (2) The
results of the questionnaire showed that
a small percentage of the superior pupils
was given 8 brosder and more accelerated
program in mathematics in grades seven
and eight. (3) The proposed program’
was ceatered around the concepts of
number, symbolism, messurement and
approximation, statistics, operations, and
functions. The program is an sccelerated .
one that will take these superior students
into the first balf of ninth grade algebra
by the end of the eighth grede. Num.
ber eystems; history of symbels and
numbers; real, imaginary, and complex
numbers; and modern mathematics are
recommended. Three teaching units were
developed.

A\

Byvaxrr, Donatp RarMonp. Seny and
Number Theory im the High School.
(M.S, 1958, Hlineis State U'nivemity,

" Normal.):

Major Faculty Adviser. — T. E. Rine.

Problem. — To develop s unit in the
foundations of modern mathematics

mations, and semigrowps ahd taught to
euhtuudam

Major Findings end Comclusions. —
(1) The class seemed to understand the
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enit oa relations since cn a test the
eversge score was over 27 owt of 30
points. - (2) A similar cemclusion was
drawn about the usit on sumber theory
sinpe the sverage score was about 37
out of 40 points. (3) Perbaps due 10
the short time speat oa transformations
and semigroups the average ecore was
about 11 out of 15 points. (4) Simce the
aversge score was about B? owt of 100
points, the investigator concluded that
these high school studests could under-
stand some material from the foundations
of modern mathematics.

Cuanores, Donate Crorvasy. A Pro
posed Method of Learning the Muli.
plication Table on the Junior High
School Level. (MEd, 1957, College
of Education, Ohio Sigte University,
(Jnluabm)

,VCiGI' Feculty Adwiser. — Nathan
Lazar.

Problem. — To devise a method for
learning the multiplicstidn table on the
jumior high school level.

Procedure. — Methods of leaming
shills in fields outside of mathematics
were compared.

Major Findings and Comclusions —.
Tbequd-hw-ubdmchm.
This involves guessing the answer to a
combination whea it canmot be recalled.
Mlhm'nchehdbyoommn
a maltiplication table. The requirement
o guew focuses the studeat’s sttention
oa his effort to remember. It is recom.
mended that the method be tested with
students.

Ciamx, Donotuy T. An Investigation
into the Relstive Importancs for
College Preparation of the Topics
of Twelfth Grade Mathematics.
(1958, Monmeclsir State College,
Upper Montehir, NJ.)

*Pro“m—fowmw
hthwollhlhhudcmﬂm
preparsiory methematics courses ot West

OwHMSMLWQOnmNJ..
in order to provide the students with the
baupo-\ublo foundation for sucoess in
college wark.

Pmdm.—-(}uutieaua’mgmm
ummmmhl”oﬂb
admitting West Orange graduates. As
& check, 58 college freshmen were also
queried The gquesticansire wes ocop .
sirocted [rom & list of topics found in
tea I11h grede textbooks After the
removal of prerequicite material this lisi
conthined 74 lopics, The degree of im.
portance of each topic was checked by
the college inetructors. A simspler by
similar questionnsire was ssat o the S8
college freshmen.

Eighty nine colleges snd 4] freshmen
replied. By appropriate weighing of the
degree of importance (he topics were
renked under three beadings: general
and techaical curriculs, general curriculs
oaly. dpd technical curriculs oaly.

Major Findings end Comclusions. -
From an analysis of the respoases it was
d«idedlodmpmliquunrh.
10 retain slide rule instroction, to place
gmmempl\uhontheoryhuﬁm
try and algcbn,tohdudamw&
with’ statistics, but mot 10 include set
lhooryor-ynbolitbdc.etuptpoduy

as optiosal additions 1o the course.

Ciosowicr, ALexanoes Emn. An Ex.
tension of the Johason-Neyman Anal-
yeis to Three Matching Varigbles
Applied to a Study of Two Methinds
of Determining the Characteristic

1958, Teachers College, Cd—hh‘
University, New York, N.Y.}

Major Feculty Adviser. — Myron F.
Rosskopf.

Problem. — (1) To compare the effec-
lmdmnuho&dm&-
wd&oo-abmhh
of a number and of locating the decimal
peint in the antilograrithm of a given
logarithm. (2) To extend the johnson-
Nm-alodofmhlmb

i
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three matching variables a,nd to spply )

this to problem (1).

Procedure. — Four classes involving
both high wschool and college studeats
were taught by & method (A) in which
the logarithm of a sumber was determined
citber by the number of digits to the
left of 8 number greater than 1, or by
the number of seros between the decimal
point and the first monsero digit when
the number was less than 1. Four other
classes were taught by a mothod (B) in

which use was made of a reference point ,

(C) placed immediately after the first
noasero digit of the number. The nuw:

ber of places between the reference point
and the decimal point determined the

. characteristic. In both methods the deci-

mal point was determined in the anti-
logarithm by procedures cerresponding
to those in the inverse process.
Meidsures for both groups of students
were obtained on intelligence, aumerical
ability, and verbal ressoming, as well as
scores o . two crilerion tosts. By means
of the Johnson-Neyman technique the
ranges of @alues for esch background
trait, wherein the difference in achieve
ment between groups A and B was
significant, was determined.

Majer Findings and Conclusions. —
(1) High school students of average or
better ability taught by method 3 scored
higher on “a criterion iest than those
tapght by mcithod A. However, after
both greaps had sufficient time to Jearn
iheir respective methods, there was no
appreciable. difference betwoen them.
(2) College students in method B whose
background scores were higher scored

“better, in a statistically significant sense,

than their counterparts in method A.

Conrg, CLyoe G. Thought Processes of
Sixth Grade Pupils While Solving
Verbal Problems in Arithmetic.
(1958, The Pennsylvania - State

- University, University Park)
Problem — To determine the impor.

tance of certain factors in the arithmetic

problem-solving of sixth grade pupils

Procedure — Seventy-four sixth grade

-pupilcwmhuurﬁ'cvui.ooeuldme,

while they solved eight verbal problems
involving arithmetic. Each papil read a
problem orally and tben silently before
~orking out the solution om a card.
Tape recordings were made of each inter-
view. The interview and solution were
evaluated for accurecy, concept evalus-
ton, reasoning methods, degree of con-
fidence, vocabulary rating, and reading
efficiency. The relationships between ac-
curecy in problem solving and five
problemssolving procedures were tesied

by means of the coefficient of coatingency.

Major Findings and Conclssinns. --
(1) Pupils tend to te overconfident of
their problem aolving ability.  (2) High
confidence and problem-solving efficiency
show a statistically significant relation-
ship. (3) Correct interpretation of voru-
bularly i related 0 problem-solving
elficieacy. (4) Pupils made little refer
ence to life: applications in solving or
explaining their problems. ($) Compu-
tational reasoning is an effoctive proced.
ure in problem-solving. (6) There is no
significant rels?icaship between oral read-
ing floepzy and ability to work problems
ocorrzatly.  (7)  Compujational sccurscy
1s oot a major factor in problem-rsolving.
Comtxy, C. S. An Experiment in Readi-

pess for Logical Thinking and
Demoastrative Geometry. (PhD,
1959 George Peabody College,
Nashville, Tenn.)

Major Faculty Adwser. — J. Houston
Banks.

Problem. — To determine the minimum
age at which average and superior pupils
can master proofs in demonstrative
geometry.

_ Procedure. — Classes from grades 6
through 10 were taught & unit on deduc-
tive proof and an imtrodoctory unit on
plane geometry. Grade 10 was used as
a control group. Achievement tesis were
administered st the conclusion of the unit.
The relative achievement of the groups
was determined. '
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Major Findings and Conclusions. —
Grade 6 pupils showed insufficient ma-
turity to master the material studied.
There was rapid growth in Grade 7.
Succeeding grades showed slower, but
consistent, improvemient.

On the basis of this experiment, dem-
onstrative geometry can be introduced as
early as grade 7 with a reasonable
expectation of success.

CruMigy, Ricaaro D. A Study in Pre-
dicting Success in Algebra. (M.A.
1957, Towa State Teachers College,
Cedar Falls.)

Major Faculty Adviser. — Irvin H.
Brune.

Problem. — To find .a reliable method
of predicting the marks of students in
algebra for guidance purposes.

Erocedure. — The multiple correlation

mdctaminodbetmntbenlgebn

marks of a set of students and (1) scores
on test 4 (Quantitative Thinking) of the
Iowa Tests of Educational Development,
(2) composite scores of tests 1-8 of the
same peries, and (3) intelligence quo-
tients as measured by the Otis
Quick-Scoring Mental Ability Test.

Major Findings and Conclusions. —
The coefficient of multiple correlation
was found to be 0.78, which is sigunificant
at the one percent level. A predicting
equation was obtained.

Commins, Kenvern Bunoerre. A Sta.

dent Experience — Discovery Ap-

- proach to the Teaching of the

Calculus. (Ph.D., 1958, The Okio
State Univensity, Columbus.)

Major Faculty Adviser. — Harold P.
Fawcett. -

. Problem. — To determine whether a

- student experience — discovery approach
toihdcalculus——pmdneummpm-
ficiency and understanding than the usual
methods of college mathematics teaching.

Procedure. — Representative calculus

textbooks were studied. St

designed to encourage a8' maximun

dent discovery, were prepared; the gen-
eral plan of these was toéncounge the
making of generalizations from numerical
axamples. -

The course was given to one calculns
section at Kent State University, Kﬁll,
Ohio, throughout each of three quarters.
Comparisons in terms of tests were made
with control classes taught traditionally.
Student reactions were obtained via s
questionnaire and a student ‘paper on
“What I Conceive the Calculus To Be.”
A modest study of the change in attitude
toward mathematics was also made.

Major Findings and Conclusions. —
The experimental group performed sig-
nificantly better on tests on understand-
ing the calculus, and just as well on
manipulative problem-solving proficiency.

o
Damcaano, Genavitve Turwen, A Study
to Determine the Significance of a
Mental Arithmetic Program for
Grade Six. (Ed.D, 1958, Colorado
State College, Greeley.)

Major Faculty Adoiser. — Edward

Problem. — To determine the effect of
prepared lessons in mental arithmetic on
(1) the success of students in solving,
without pencil and paper, mental arith-

*“
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group. Analysis of variance by three
levels was used.

Major Findings and Conclusions. —
(1) The series of lessons in mental
arithmetic produced a statistically sig-
_ nificant change in the ability to solve
without paper and pencil mental arith-
metic problems presented orally. (2)
All three ability groups henefited from

 these Jessons by about the same amount.

(3) The series of lussons in mental
eral arithmetic ability of the experimental
group. )

Davcaznry, James Lawis. A Study of
Achievements in Sixth Grade Arith-
metic in Des Moines Public Schools.
(Ed.D,, 1957. Colorado State College,
Greeley.)

Major Faculty Adviser. — Paul McKee.

Problem. — (1) To compare arith-
metic achievement of sixth grade pupils
of Des Moines in 50 minute classes with
those in 40 minute sections; (2) to
analyze the fitness of certain standardizsed

Mmmlﬂnnlminovenlllﬁth-
metic achievement by a statistically
significant amount. On Part I (Funda-
mental Knowledge) the former group
suined one grade year more than the
latter. On part II (computation) the
40-minute group did better. On part III
(problems) the 50-minute group did bet-
ter. (2) It was decided that forms L
and M were not of equal difficulty. (8)
Forme L and M were found to be in-
valid tests for the beginning of grade six.
(4) It was recommended that 50-minute
arithmetic periods be adopted.

Davis, Roiasr Buwamiv. The Madi-
son- Project. (1957, Syracuse
University, Syracuse, N. Y.)

Denny, Roszar Ray. A Two- Year
Study of the Effects of an Incressed
Time Allotment upon Achievement
in Arithmetic in the Intermediate
Grades. (E4D, 1958, Colorsdo

~ State College, Groeley.)

Major Faculty Adviser. — Annie
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minutes per day for a period of 2 years.
During the second year the teachers of
the 50 minute groups participated in an
inservice program.

Major Findings and Conclusions.
(1). The gains of the 50-minute groups

surpassed those of the 40-minute groups ~

by a statistically significant amount.
(2). The inservice program was success-
ful since the second year superiority
of the 50-minute over the 40-minute
groups was much greater.

EvLuior, H. MaRrcarer. Teaching Fresh-
man  Mathematics by Television.
(1957, Washington University, St.
" Louix, Missouri).

Problems. — To compare the results
obtained by‘mchiu college algebra and
trigonometry by televised lectures and
accompanying help sections with those
achieved by teaching the courses
traditionally.

Procedure. — For each of 58 lessons
a 45-minute kinescoped lecture supple-
mented by text and problem assignments
for each lesson were administered to
475 students. The students had five
opportunities per day to hear the lecture.
Three 2-hour examinations and a 3-hour
final examination_ were given. Grades
were based on these. tests and on
homework which was weighted by 0.2.

Extensive help sections with individual
attention were carried out by student
assistants, supervised to some extent by
two professors.

Major Findings and Conclusions. — Of
the 475 television stucents, 69 percent
received grades of D or better, in contrast
ﬁﬁ&mtof&e&?nudmuuught
by traditional methods. Students in the
television group showed far more interest
and enthusiasm for the caleulus material.
The bright students were not forced to
listen to repeated explanations; the
doweruudemwm;ivenallofdn
help they needed.

The elaborate machinery, the extensive
use of instructional man-hours, and the

large initial expenses make this sort of
program impractical for courses with
small enrollment. /

The closed circuit did not work well.

It was felt that the success of the
program was due principally to the
help sections conducted outside of the
television viewing.

FELoER, Vmcinia, A Proposal for a
Methods Course to be Used in the
Education of Teachers of Secondary
School , Mathématics. (Ed.D, 1959,
Teachers College, Columbia
University, New York, New York.)

Major Faculty Adviser. — Howard F.
Fehr.

Problem. — " To propose a plan for
lnmbodscoumtobeundinthe
education of teachers of secondary-school

mathematics.

Procedure. — Professional literature
concerning the history and development
of methods courses was studied. Meth-
ods course textbooks were reviewed.
Those individuals providing  similar
methods courses in Missiesippi and out-
side of itiereinterviewed.Othe:quli-
fied educators replied to a “Jetter of
opinion.”

Criteria relating to the instructor, the
students, and the course were established.

Major Findings and Conclusions, —
The instructor must have mathematical
and professional preparation. The stu-
dents must be interested in teaching as
well as mathematics. The methods

" Course maust be correlated with other

.

parts of the student’s education, must
be adaptable to the needs and resources
ofpanicnhreollmmmc,ndm
bemrudvilhpﬁnciphnofhtchiu
uwclluwith-peciﬁotechiquu. '
A  threc-semisterhour courso was
proposed. )

Frico, Haws. The Status in the Fall of
1957 of the Graduates, Classes of
1950 through' 1955, of the Mathe-
matics Department of the New

) 4
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Jersey State Teachers College, Mont-
clair, New Jersey. (1958, Montclair
State College, Upper Montclair, New
Jersey.)

Problems. — To determine the status
in the fall-of 1957 of the graduates,
classes of 1950 through 1955, Mathe-
matics Department, Montclair State
College, Montclair, New Jersey.

Procedure. — A check-list method of
inquiry was employed.: The files of the
Mathematics Department and of the
Alumni Secretary were checked against
each other. The filled-in checklists were

grouped according to sex as well as to.

teaching and nonteaching activities.

Major Findings and Conclusions. —
(1) Ome hundred two graduates, in-
cluding 76 percent of the men and 62
percent of the women, responded. (2)
Fifty-two percent of the respondents were
in the field of education in the fall
of 1957. (3) Seventy-three percent of
the men and 67 percent of the women
were married. (4) About one-third of
the nonteaching respondents and four-
fifths of the teaching personnel had done
graduate work. (5) Salaries of the be-
ginning teachers rose from below $3,000
in 1950 to about $3,400 in 1955. (6)
Most of the respondents had taught their
. first year in grades 7 to 9, mainly general
mathematics and arithmetic. (7) For
various reasons slightly less than half
were no longer teaching. About one-
fourth left teaching after one year, while
one-tenth never taught. About half of all
the nonteaching respondents, mostly mar-
ried women, planned to teach in the
future. (8) The salaries of the non.
teaching men exceeded male teachers by
almost $1,000. The corresponding sal-
aries for women were about the same.
Four-fifths of the men and ome-fourth

of the women teachers found it necessary

to supplement their salaries. -

Gars, Reciva Heizx. A Proposal for
a Twelfth-Year Mathematics Pro-
gram for Selected College Prepara-
tory Students st Bloomfield Senior

High School, Bloomfield, N. J.
(Ed.D, 1958, Teachers College,
Columbia University, New Yo
N. Y, ;

Major Faculty Advisor. — H. F. Fehr. -

Problem.-—-’l'ophnanewpromm
for selected college preparatory students
in 12th year mathematics at Bloomfield
Senior High School. -

Procedure. — A survey of textbooks in
use in high schools and colleges wag
made via .questionnaires. Curriculum
studies, doctoral studies, curriculum
guides, high school and college mathe-
matics textbooks, and periodicals were
studied.

Major Findings and Conclusions. — A
unified course entitled “Mathematics 12"
was proposed. It consists of (1) re.
organizing the content of solid geometry,
trigonometry, and algebra III; (2) in-
troducing some coordinate geometry of
space, algebra of sets, nature of proof,
logic, statistics, and integral calculus;
and (3) providing for a mathematics
seminar period.

GavumiN, Lester L. Teachers of Mathe-
matics in Liberal Arts Colleges
of the United Stdtes, 1888-1941.
(Ph.D, 1957, Teachers College,
Columbia University, New York,
New York.)

Major Faculty Adviser. — Howard F.
Fehr.

Problem. — To develop a clear and
accurate picture of the teacher of mathe-
raatics at liberal arts colleges in the
United States from 18881941,

Procedure. — The individuals whose
careers” wero studied taught either at
one of the 25 oldest colleges in the
United States, or at one of 117 sarple
colleges selected on the basis of size,
age, administrative control, and geo-
graphic location. Particular emphasis
was given to the training and professional
work of these teachers.
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Msjor Findings and Conmclusions. —
The picture of the teacher of mathematics
in the 25 oldest colleges changed from
an individual trained in the classical tra-
dition to & highly trained specialist in a
well-developed field. The careers of
those who taught at the 117 colleges
followed the same stages as those from
the oldest colleges. -

Grixseie, Verna Gaacs. The Effect of
Kindergartea Training on Achieve-
mentinlh‘dingnd,&rithneﬁeh
Grade 2. (M. Ed., 1968, University
of Washington, Seattle.)

Major Faculty Adviser. — Henry R.
Fea. .

Problem. — To determine the relation-
ship of kindergarten sttendance to success
in reading and srithmetic in grade 2.

Major Findings and Conclusions. —
A study of test results showed that there

seventh grade studeats of Beloit, Wis-
consin, through a textbeok amd s unit
approach to the topic of ares.

Procedure. — Analyses of various kinds
were used te .determine whether the
scores on a three-part test on areas ia-
dicated the superiority of either the
textbook or wmit approsch.

Major Findings and Conclusions. —

several criteria. The discovery aspect
of the unit approach ssemed especially
preferable for students above the SOth
percentile i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>