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ABSTRACT

THE RELATIONSHIP BETWEEN
SELECTED TEACHER VARIABLES AND GROWTH IN ARITHMETIC
IN GRADES FOUR, FIVE, AND SIX.

by

Demitrios Peter Prekeges

Problem.

For mény years mathematicians and mathematics educators have
been stating that teachers of arithmetic need a greater knowledge in
mathematics and methods of teaching mathematlés.‘ Many colleges have
required more mathematics for their future elementary‘teachers. The
belief is that an individual with a stronger mathematical background
will better teéch mathematics to hisg elementary students.

The review of the literature as a whole does not agree. Few
researchers have found significant relationships between teacher knowledge
and teacher effectiveness. The review of the llterature further indicates
that most researchers did not measure teacher variables precisely. Also,
most researchers neither partitioned nor measured directly student
growth. .They used standardized tests or adminiétrative ratings to

determine teacher effectiveness,

Procedures
=ZI2cedures

Two instruments were constructed to measure teacher understanding
and teacher attitude. The test of understanding was designed to measure
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the mathematical understandings as related to the arithmetic series and
syllabus of the two school districts participating in this study. The
attitude inventory was a forced choice inventory which meaaured the
teacher's attitude toward contemporary mathematics as opposed to
traditional ﬁathematics. Each participating teacher also completed a
questionnalre glving information about 12 other commonly reported
variables. These were in the areas of quarter hours of college mathe—
matics,4quarter hours of new mathematics, quarter houra of mathematics
methods, experience, and principal's ratings as he viewed the teachers.

To‘determine teacher effectiveness, student tests were
constructed to directly measure the material of the arithmetic series .
and syllabus of the two school districts participating in this study.
Three tests were constructed for each grade level; an-understanding test,
a probiem solving test, and a computation tést. The pre-test post-test
procedcre waé used to determine student growth. |

The population for this study was 61 fourth, fifth, and sixth
grade classes and their 61 teachets. The population was randomly
selected from over 400 teachers in two Washington State school districts.
The districts used the same arithmetic series and a similar syllabus,.but

are in different geographic locations.

Results and Conclusions

With the minor exception of a significant correlation between
principal's tating and growth in computation, there were no significant
relationships between any of the teacher variables, when taken individually
or in groups, and student growth in any of the three areas--understanding,

problem solving, and computation--when taken individually or in groups.
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In this study, every effort was made to eliminate the

deficiencieé of previous studies.
confirmed. If mathematicians and
persist in their opinion that the
is related to student gains, then

variables must be identified. It

Yet their results are, in general,
mathematics educators are to
educational background of teachers
it seems that different independent

seems highly unlikély that success

would reward any further exploration of those identified in this study.
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Chapter 1
INTRODUCTION

" The Prohlem

For many years mathemat1c1ans and mathematlcs educators have
been stating that teachers of arlthmetlc need a greater knowledge of
mathematics » Morton,l in 1939, recommended that every elementary
teacher be required to complete 6 to 10 semester hours in mathematics
Wren,2 in. 1941, pointed out that the mathematlcal background of
teachers was 1nadequate and it was up to the teacher training colleges
to improve the situation.

In the 10 year period following World War II, many organi-
zations emphasized the mathematical needs of the elementary teachers.
The first snch_postwar suggestion was made by the U.S.oCommission on Post-
war Plans.3 This commission recommended that teachers of arithmetic should
study a course in the teaching of arithmetic and one or more courses in

subject matter background. This report was followed by the Manpower

lR L. Morton, "Mathematics in the Training of Arithmetic
Teachers," Mathematics Teacher, 32:106-110, December, 1939.

2F L. Wren, "Questions for the Teacher of Arithmetic," Arith-
metic in General Education, Sixteenth Yearbook of the Natiomal Council

of Teachers of Mathematics (Washington, D.C.: National Council of
Teachers of Mathematics, 1941), pp. 290-303.

Commission on Postwar Plans (Washington, D.C.: National
Council of Teachers of Mathematics, 1945).

1



Report4 mhich{rééommended, "A profeeéionalized subject—matter course
emphasizing the use of mathematicélin projects undertaken by children
to learn the meaning of concepts is a minlmum requirement."5 More
recently the Mathematlcal Association of America, through its Committee
on the Undergraduate Program in Mathematics,6 recommended that every
teacher of arithmetic shouid have a minimum of three college courses
in mathematics consisting of four semesters of mathematics and a one-
semester methods course in arithmetic The Committee also suggested
content outlines for these coursee. |

During the same period of time many contemporary mathematicians
and mathematlcs educators expressed their viewpo:nt - In 1948, Wren7
again wrote on the needs of the elementary teacher. He pointed out
that functional competence in arithmetic is eesential as a character- -
istic of the educated individual. He indicated that functional
competence in arithmetic consisted of:

1. Proficiency in fundamental skills

2. Comprehension of basic concepts

3. Appreciation of significant meanings

4. Development of desirable attitudes

5. Efficiency in making sound applications

4Manpower for Research, Scientific and Public Policy, Vol. IV
(Washington, D.C. Government Printing Office, 1947).

SIbid., p. 11.

6Recommendations for the Training of Teachers, A Summary
(Buffalo, New York: Mathematics Association of America, 1961).

7F L. Wren, "The Professional Preparation of Teachers of
Arithmetic,' Supplementary Educational Monographs, No. 66 (Chicago:
University.of Chicago Press, 1948), pp. 80-90.




.6} anfiaence>in making intelligent andfihdependent
‘interprefafibné.s
Wren tﬁen considered these as the six major objecti§e§ in arithmetic.
If these éfé the objectives, then a. teacher husf have these comﬁe—
tencies. In 1949, Layton9 suryeyed tﬁe certification requifements of
mathématiéglféachérs and found that most states.did not have any
requiréﬁents.  He recémmen&ea the déveiopment df‘éuéhvrequireménts;
In-1949,'Glénnonlo:tésted é'gréhp of éoilegé>£}ésﬁméh éhd Seﬁiors and
found tﬁatvthe‘mathemétical uhderstanding.bf tﬁelfféshﬁen was higher
tﬁan the matﬁeméticai understaﬁding of the seniors. These resplts
éeem to»iﬁdicéﬁe that either a loss of matheﬁatical'understanding takes
place while a student ié in college, or the freshmen in 1949 were
better prepared than the seniors. In 1951, Laytonil surveyed the
training prescribed by teacher training colleges and found that a
majority did not require any mathematics courses fér fheir elemeﬁtary
| .

‘teachers. In 1951, Newsom12 outlined the mathematical background he

felt was needed by elementary teachers. This outline included topics

81bid., p. 82.

9w. I. Layton, "The Certification of Teachers of Mathematics,"
Mathematics Teacher, 42:377-380, December, 1949.

lOV. J. Glennon, "A Study in Needed Redirgétioh in the Prepa-
ration of Teachers of Arithmetic," Mathematics Teacher, 42:389-396,
December, 1949.

llw. I. Layton, "Mathematical Training Prescribed by Teachers
Colleges in Preparation of Elementary Teachers,' Mathematics Teacher,
44:551-556, December, 1951.

12C. V. Newsom, "Mathematical Background Needed by Teachers,"
The Teaching of Arithmetic, Fiftieth Yearbook of the National -Society
for the Study of Education, Part IT (Chicago: University of Chicago
Press, 1951), pp. 232-250. :




‘such as historical development, the real number system, measurement
and applications. In 1951, Grossn1ckle13'surveyed the.state teacher
training coiiegea and received responsesvfrom 129 of them. He found
that more colleges were requiring four years of study to teach than
‘was the case 20 years earlier. He also found little change in the
mathematics requ1rements.of future elementary‘teachers He recommended
that all future teachers should have.a methods course in'the teachingv
of mathematics and those who hadfnot taken mathematlcs beyond the
elghth grade should have a content course 1n-mathemat1cs before their
methods coursef

In 1953,'mathematioe educatora:mere-still discussing these
same problems.. Schaaf,14 after writing about the lack of courses for
teachers, outlined the scope of a course oealing with the subject
mattervof arithmetic. He suggested that‘ali future teachers need such
a oourse. Phillipsl_5 attempted to show the need for a mathematics
course for elementary teachers by recording data about students
entering the course "Arithmetic for Teachers" at the University of
Illinois. Two of his seven oonclusions_were:

1. The four major factors influencing the students' reaction .
to mathematics are method of presentation, oPportunitites for achievement,

teacher's personality, and type of problems solved.

13F. C. Grossnickle, '"The Training of Teachers of Arithmetic,"
The Teaching of Arithmetic, Fiftieth Yearbook of the National Society
for the Study of Education, Part II (Chlcago. University of Chicago
Press, 1951), pp. 203-231.

14w L. Schaaf, "Arithmetic for Arithmetic Teachers," School
Science and Mathematics, 53:537-543, October, 1953.
lSC; Phillips, "Background and Mathematical Achievement of
Elementary Education Students in Arithmetic for Teachers," School
Science and Mathematics, 53:48-52, January, 1953. '
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2. ‘Achievement in the meaning and understanding of arithmetic
is extremely:low.16
| e 17
Orleans and Wandt™ ' wrote:

If arithmetic is to be taught so that children acquire real
understanding of arithmetic processes and concepts, it would seem
obvious that the teachers of arithmetic must possess the under-

- standing that they are attempting to transmit to their students.
They then presented the findings of Orlee‘u‘nsl-9 from a study in which he
édﬁinistéreﬂ'a'test to 722 subjedts. The purpose of the evaluation was
to determine the understanding of the processes and éonéepts of
arithmetic. He éoncluded that future and practicing teachers have a
low understanding of these processes and concepts. Orleans and Wandt
then wrote:

If the understanding of arithmetic possessed by teachers is to
be increased, teacher-training institutions must make this one of
their goals. The teacher-education institutions may have only an
indirect influence on the program of number work in the schools,
but they can directly influence the prospective teacher's know-
ledge and understanding of arithmetic and his preparation for.his
responsibilities in getting children to learn about numbers.

In 1956, Snader,21 after reviewing the literature, wrote, "This

: 22 : . ,
situation is deplorable, to say the least." He sent a questionnaire

101154., p. 51

l7J.'S. Orleans and E. Wandt, "The Understanding of Arithmetic
Possessed by Teachers," Elementary School Journal, 53:501-507, May, 1953.

181414, , p. 501.

19J. S. Orleans, The Understanding of Arithmetic Processes and
Concepts Possessed by Teachers of Arithmetic, Publication No. 12 (New York:
Office of Research and Evaluation, College of the City of New York, 1952).

2OOfleans and Wandt, op. cit., p. 507.

ZlD; Snader, '"Mathematical Background for Teachers of Arithmetic,"
The Arithmetic Teacher, 3:59-65, March, 1956.

22Ibid., p. 61.




~toAa representative group of specialists'in arithmetic and found this
group would like elementary school teaohers to have‘studied mathematicsv
for a minimum:of six semester hours. Further, the mathematics studied
should not be the typical college mathemat1cs, but it should be
‘mathematics that involves malnly the understandlng of the backgrounds
needed by a;teacher of ar1thmet1o.

| Such findings, statements; and recommendations have led to the
.development of courses for. future elementary teachers ‘ Most colleges
now have ‘at least one such requlred course and some colleges23 have
establlshed a major emphasis in mathematlcs for elementary teachers.
These are generally classes de31gned\for thlS purpose asvdlstinct from_
regular freshman and sophomore mathematics programs.

Thevrecommendations for and the eutensive development of these
courses are based on the belief that if the teacher has a better
mathematical background, his students will learn ann understand more
arithmetic. Metzner24 has been one of the few to question this belief.
In his summary of a symposium at the Harvard Graduate School of
Education25 he quotes Professor James Coleman of John Hopkins University:

". . . no one knows enough about teachers' performance to be able to

' 26
predict the effects of longer teacher preparation on pupil achievement."

A review of educational research literature seems to support the views

of Metzner and Coleman where the elementary teacher is involved. In fact,

23Eastern Washington State College, Cheney, Washington; South-
western State College, Weatherford, Oklahoma; Northern Mlchlgan
University, Marquette, Michigan.

248 Metzner, "The Teacher Preparation Myth: A Phoenix Too
Frequent,'" Phi Delta Kappan, L:105-107, October, 1968.

23 1h14. 26 1b1d. , p. 105.




..'7,
’as‘is discussed in Chapter'2 this researcher failed to find any studles
which, with any conf1dence, 1mply that increased mathematical education
of elementary teachers or future elementary teachers increases pupil
-achievement,l |

As'will be diScussed.below, it is questionahie'that as much
-confidence‘as the results indicate can be placed on'these studies.'

At the same time, it is evident the maJorlty of ‘the people_V
morkingdin mathematics education feel that better tralnlng for thev
elementary‘teacher is a necessity and this’training should include more
wbrk in.mathematics which should.be designed to teach'mathematical,
understanding. These same experts seem to feel that such training will
lead to better pupil achievement in mathematics even though there is
very littlebgood evidence to substantiate this belief.

Some studies have.been carried out in an effert to determine
whether or not teacher knowledge has an effect on student achievement. -
Two things characterize most of these studies:

1. Indirect measures of teacher ability.»‘Mcst of these
studies use college credits in mathematics or some type of arithmetic
test. They do not attempt to measure mathematical understanding.

2. Imprecise measures of student performance. Most of these
studies use some type of published standardized test. They do not
attempt to measure the material of a given teat orithe material of the
school syllabusf

The naive belief that increased teacher understanding has an
effect on student understanding remains strong. As the review of the
literature.indicates in Chapter.2, there is certainly.no hope of

supporting this belief by replicating or expanding on the studies with



the.tuo faiiings noted abover By constructlng tests whlch carefully
neasure teacher understanding in and attitude- toward mathematics and
‘student competencies in mathematics, it might'be'possible to identify
some_relationship between these variables.

In this study, a very serious attempt is made to identify and

- measure prec1se1y those teacher varlables most apt to be related to

31m11ar1y identlfled and measured student. varlables. Ihisvstudy
'first teStsicertain a priori hypotheses concerning the relationshipv
between these variables, and then searches, specuiatively; for
unekpected'nossihle relationships which might form a foundation for

further study.



Chapter 2
BACKGROUND AND JUSTIFICATION

Tﬁis review of. the literature is geparatgd'intOgthree sections.
-_The firs;iéection deals with seéondary (inciudiﬂg junior high school)
»teachersf kqdwledge'énd how it is related to étudeﬁf-achievemeﬁt;_the
seéond_séctiénvdeals with thgjelementary (grades}Kindergarten thfougﬁ
six)’teachérs;bknowledge and how!it is relatéd to student achievemen#ﬁ

and the third section deals with teachers' attitude toward mathematics.

Secondary School Reviews

The first postwar report which attempted to determine a relation-
ship between teacher variables and student growth séems to be Rostker’s1
report of the results of data collected in 1936 and 1937. Rostker tested
350 social studies students in the seventh and eightﬁ grades who were
taught by 28 different teachers. He pre-tested éﬁd bost—tested the -
students and used student gains as a measure of teaching abilityf He
measured the teachers' subject matter knowledge by using tests covering
the material taught. He wrote:

These teacher measures are primarily tests bf information and

indicate no significant relations&ip between knowledge of subject
information and teaching ability.

lL. E. Rostker, "The Measurement of Teaching Ability, Study
Number One," The Journal of Experimental Education, 14:6-51, September,
1945.

2Ibid., p. 45,



lO’
Rolfe3‘énd _La'Duke,4 also usiﬁg‘seventh‘éﬁd eighth gradé éfﬁdents;
fbuhd siﬁilér.resulté. Rolfe uéed bitizgnship wﬁile La Duke used thé
‘child's'éénée 6f fesponsibility iﬁ the functioniné'bf‘a democratic society
as sﬁbjepfvﬁatter material. Both Rolfe énd La Duke-cbllecfed their data
;betweeﬁ 1937‘énd 1939, but did ﬁot report their résglts until 1945,

'> lIn,;946, Lins5 attemptéd.to determine'whetﬁer‘qr not a'relation—
‘ship existé between'bré-serQiééleducation'and studeﬁt'gains, His
éample‘congisfed of 17 first year téachers an& their 27 clésses; which
cbmpriéed‘mbsf areas - and levélé of fﬁe‘sécogdaryfschdois._ The teacher
measurés fdr pre—sérvice education-were grades in‘cdliege courses and
ratings of'pdésible.sﬁcéesé in teaching;by fheir éoiiégé profeséors.

The student gains were calculated by pre-testing aﬁd éost—testing the
coﬁrse métefiai for the second semester using standardized tests. Lins
found that grades and ratings in pre-service gduca#ion, including
pracfice teaéhing are not significantly related to téaching efficiency
as measuréd by student gain scores.

In 1949, Snider6 looked at severél factors which might be

related to student achievement in college. He found a positive but not

3J. F. Rolfe, "The Measurement of Teaching‘Ability, Study Number
Two," The Journal of Experimental Education, 14:52-74, September, 1945,

4C. V. La Duke, "The Measurement of Teaching Ability, Study .
Number Three," The Journal of Experimental Education, 14:75-100,
September, 1945,

5L. J. Lins, "The Prediction of Teaching Efficiency,"”" The Journal
of Experimental Education, 15:2-60, September, 1946.

6H. L. Snider, "Relationships Between Factors of High School Back-~
ground and Achievement in Certain Subject Fields" (unpublished Doctoral
dissertation, University of Nebraska, 1949),
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significanthrelationship‘between the college prepatation secondary
teachers have-in their teaching field and the achievement of their
students. in this field when the students attend coileée.

It Qduld seem that the studies reported in the forties did
nothing to support the premise that teacher change eauses student change
of a like kind. It might well be;'as noted in'Chapter-l that teacher
Variables and student varlables were not adequately measured by the
standardized tests and other precedunes used in these studies.

In"1950,‘Schunert7 compared the final achienement of algebra
and geometry classes nhose teachers had less‘than;tﬁO'years of college
mathematics with algebra and gedmetty classes whose_teachers'had more
than two years of college mathematics. He found no significant differ-
ence, but the results favored those teachers with the lesser amount of
college preparatien in mathematics. |
| In.l957, Taylor,8 attempting to find a significant relationship-
between teacher factors and science students, tested more than 1500

science students with the Essential High School Content Battery and the

California Occupational Interest Inventory. He compared these results

with four teacher factors: (1) attitude, (2) college credit in pro-
fessional education, (3) college credit in science, and (4) years of

experience. None of the factors had a significant relationship with

7J. R. Schunert, "The Association of Mathematics Achievement
with Certain Factors Resident in the Teacher, in the Teaching, in the
Pupil, and in the School" (unpublished Doctoral dlssertatlon, Unlver51ty
of Minnesota, 1951).

8T. W. Taylor, "A Study to Determine the Relationship Between
Growth in Interest and Achievement of High School Science Students and
Science-Teacher Attitudes, Preparation, and Experience' (unpublished
Doctoral dissertation, North Texas State College, 1957). Dissertation
Abstracts, 17:2943-2944, No. 12, 1956/57.
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theAdeVelopmeﬁt of greater sciencé achievement. Wﬁen all four féétors
we?e'takenﬂas a_cbmpdsifé, a significant ppSifivg.relétioﬁship was
found. Thié rglationship‘might indicate that an interaction of factors
is involved”in affecting science achie?emént.

Sparks,” using the Iowa Test of Educational Development, tested

a group of high school students in 1955 aﬁd again ih-1958. From éhese
results hézdéfiﬁed'ﬁigh achie&ement échoqlé‘aﬁd low achievement scﬁéols;
He found théi‘teééhers’in.highbachievement;séhoéls haa‘;aken mqré hours
6f:mathemétiés as'uhdefgréauéﬁeé in coileéé fhaﬁ the teachers in low
achievemenf schodls._ He alsa found fﬁaﬁ-the studéﬁté in thé high
“achievement sgﬁbois rafed éheir teachers higher inAsubject matter
knowledge andAteécher éomﬁeteﬁcy’than did the students in low achieve-
ment schools." | |
The two studies in the latter half of the fifties seem to indi-
cate that thére was some relationship between student achievement and
some composite of teacher factors. Again it migh£ be that the use of
standardized tests did not give a sufficiently érecise measure of
student achievément. Somg other evaluation more directly connected to
the material té be learned might produce more positive relationships.
In 1960, Stonekinglo attempted té determine which of the four
factors—--age, gmount of teaching experience, level of academic prepa-
ration, or mathematics background--contributes most to an individual's

understanding of selected basic arithmetical principles and

9J. N. Sparks, "A Comparison of Iowa High Schools Ranking High
and Low in Mathematical Achievement'" (unpublished Doctoral dissertation,
University of Iowa, 1960).
-lOL. W. Stoneking, "Factors Contributing to Understanding of
Selected Basic Arithmetical Principles and Generalizations'" (unpublished
Doctoral dissertation, Indiana University, 1960).



13.
generalizations, He administered his self-constructed instrument to
measure basic arithmetical principles and generalizations to 1066
examinees. He:aiSO obtained a oersonal data sheet from each examinee
to determine which of ‘the four factors: they possessed The examinees
were pupils in grades 8 through 12, students in a college preparatory
' course, and pract1c1ng teachers. He found thatﬁtnere’uas no significantv
vdifference in the scores of the'examinees who were pract1c1ng teachers
and.those who were not practic1ng teachers. This would indicate that
experience asaa teacher does not enhance one;s understanding of basic
arithmetical principles'and'generaliaations.'vStoneking’s results
might aléo.Be‘an indication that eanerience.as-a teacher does not‘enable‘
one to be a more effective teacher of mathematics.

In 1960, Lindstedtll compared the scores on'the final examination
of ninth grade'mathematics students with the number of college mathe-
matics courses taken by their teachers. There.was no significant
difference in the scores of students taught by teaéhers classified on

the basis of the amount of mathematics preparation.

In 1962, Leonhardt,12 using the Cooperative General Mathematics

Test for High School Classes with tenth grade geometry classes, ranked

45 different high schools. The ranking was from high to low depending
upon the mean score of the student. He then chose 12 schools for his

analysis: four small schools, four medium sized schools, and four large

llS A. Lindstedt, "Teacher Qualification and Grade IX Mathe-
matics Achievement," The Alberta Journal of Education, 6:76-85, June,
1960. .

12E A. Leonhardt, "An Analysis of Selected Factors Related

to High and Low Achievement in Mathematics," (unpublished Doctoral
dissertation, University of Nebraska, 1962).
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schools. TWO‘SCBOOlS in each‘group.were high—ranked‘énd two schools
in each gfoup'were low-ranked. He chose oné teacﬁer from each échooi.
.He found fhat.ﬁore of the teachers from higﬁ—fanked,échools had their
major uﬁdergraduate preparation in mathematits than did those from low-
ranked schééls;_'The teacher rétio was four to three. He also reported
thét moreléf.;he teachers from high-rankedAschoolévhad>taken graduate
wofk in ﬁétﬁemétics than had. the feachers.frém low;raﬁked schools. The
teacher‘rétiq‘wgs two to one. | | |

In.aﬁalyzing the abévé study‘and similar studies;‘an important
possible éompohndihglvériable‘mﬁst be noféd. There could be‘an au£04
méfié éeleé%ion'pfocess.operating'where the schools which are noted for
their stroﬁg programs attract candidates with stronger backgrounds.
It is also possible that these same people desire ﬁo continue these
programs and their education; therefore, they attend graduate schqol
to become bettér prepared.

In 1963; Garner13 pre-tested and post-tested ninth grade algebra

students using the Cooperative Algebra Test, Form 1, From the super-

visors of the teachers of these algebra students he obtained the number
of hours of college mathematics each of these teachers had taken. He
found a significant relationship between the college mathematics prepa-

ration of the teachers and their pupils' achievement in algebra.

13M. V. Garner, "A Study of the Educational ‘Backgrounds and
Attitudes of Teachers Toward Algebra as Related to the Attitudes and -
Achievements of Their Anglo-American and Latin-American Pupils in
First-Year Algebra Classes of Texas" (unpublished Doctoral dissertation,
North Texas State University, 1963). Dissertation Abstracts, 24:189,
No. 1, 1963, :
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In 1964, Peskin”  reported a significant correlation between

teacher understaﬁding and student achievement. Teacher understanding

was measured for the 55 teachers by Glennon'slS-Test of Basic Mathe-

matical Underétandings. Student achievement for the 565 students was

measured by the'Cooperative Arithmetic Test; Form A and some self4madé
tests related‘to:the matgrial covered. |

’AISO-iﬁ'1964,A8mithl6 fepbrted 6n thé'reéults.éf:déta cdlledféd
in 1957-58 céncefniﬁg'thelrelaéionshib.BetWeen teachéf’profes;ionai

education and student ééhievement. ‘He used as his student criterion

the results of the California Achievement Test in Arithmetic, Inter—

mediate Batter&} which he administeréd tb 528'students:in the eighth 
grade. _The information on the 28 teachers uséa in this study was
obtained from pérsonnel records of the schools involved. He found a
significan; réiapionship betwéeﬁ the credits earned in professional

education courses (more than 28 credits against less than 28 credits)

- and student achievement as measured by the California Achievement Test

in Arithmetic. He further reported that the number of college credits
in mathematics and the number of years of teaching experience did not

appear to be related to student achievement.

14A. S. Peskin, "Teacher Understanding and. Attitude and Student
Achievement and Attitude in Seventh Grade Mathematics" (unpublished
Doctoral dissertation, New York University, 1964).

15V. J. Glennon, "A Study of the Growth and Mastery of Certain
Basic Mathematical Understandings on Seven Educational Levels"
(unpublished Doctoral dissertation, Harvard University, 1948).

16_ . :

6R. W. Smith, "The Achievement of Eighth Grade Students in
Arithmetic with Respect to Selected Patterns of Teacher Preparation"
(unpublished Doctoral dissertation, University of Oklahoma, 1964) .



lIn»iéég, Goldberg et 51.17 studied 51 seveﬁth gtadé classeé-
and fheir 1477 pupils in the Talented Youth Projéct.- By-the end of
the ninth grade, normai attrition had reduced thé numbers-to 37 classes
and 868 studehts. Teacher‘faétors such as‘émount ofﬂmathematical prepa-
ration,'dégreeé‘earned, and experience in teaching'ﬁathematics were
found to bear a significant relationship to éupil success at the end
_ dfvthe-se§¢hth'gfade. In éggregate, sugh faétors,accounted for about
20 pefceﬁﬁ éf‘tﬁe Variance‘ih pupil achievement. 'Héﬁever, ét fhe end
of.thé niﬂth gfade, ﬁeachér'facfors épﬁéatéd to be exerting.less
.ihflﬁehce'pn.pupil achievemeqt ﬁhaﬁ‘iﬁ earlier_gradés. When initial
pupil differences for the ninth graderé were cbnfrolléd, the observed
differences were no longer significant.

Iﬁ<1967, Rouse18 studied the correlation befween the academic
preparation'of teachers of arithmetic and the arithmefic achievement
of their students in kindergarten through grade éight. He measured
the academic preparation of the teachers by totaling the mathematics
courses they'had taken in high school, iﬁ college, and any in-service
courses, Hé_called this total the total mathematics preparation of
.the teacher. The measure of student arithmetic achievement was his

arithmetic scores on the California Achievement Tests. The sample was

17M. L. Goldberg et al., "A Comparison of Mathematics Pre-
programs for Able Junior High School Students,' Summary, Conclusions

and Implications, Teachers College, Columbia University, New York: 1965.

18W. M. Rouse, Jr., "A Study of the Correlation Between the
Academic Preparation of Teachers of Mathematics and the Mathematics
Achievement of Their Students in Kindergarten through Grade Eight"
(unpublished Doctoral dissertation, Michigan State University, 1967).
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206 students.and 273 teachers who had taught thesevsfudents from
kindergarten thropgh grade eight. He found a low negative correlation
:betweenAétudéﬁt achievement in both arithmetic reaéoning and arithmetic
fundamentais éhd the total ﬁathematics preparationléf the teachers
réspoﬁsible fbr théir arithmetic instruction from kindergarten through
the‘middle df grade eighf. |
| Thé’stqdies of thevsixties seem to have added‘little to the
' knowledge‘ofgthévreiétibnship.éxisting Betwééﬁ teéchér knowlédge in-
mathematics éﬁd theirbstudénfé' knowle&geviﬁ méthématiés. It might be
thatbthe'téééhgr variable related'to teacher knowledge cannot ‘accu-
rétély be méasﬁréd by lookiﬁé étathe humber-of courseé taken in pre-
service education. It might be better to measure teacher knowledge
in some more direct way. Peskin19 did this and did'get a significant
relationship.A A second reason for finding very few significant
reiationships between teacher variables and student growth could be
that most feéearchers use nationally standardized.évaluation instru-
ments to measure student growth. More positive résults might be
possible if the student achievement evaluation instrument covered that
material whicﬂ was pertinent to that grade. Again, Peskinzo used some
of these forvthe measure of student achievement and did get a signifi-
cant relationéhip.
To summarize, using the mainly indirect techniques of these
studies, there is little evidence to indicate a relationship between
teacher knbwledge in mathematics and student achievement in the

secondary school (grades 7 through 12). Some studies do indicate that

l9Peskin, loc. cit. 20Ibid.
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‘'some student achievement may be related to éome‘teacher'knowledge, but

precisely what is related to what is not indicated.

Elementary School Reviews

Many studies attempting to relate teacher Rnowledge to teacher
_effectiveness-have been done at:the elementary level. Few attempt to
reiate/teaehers knowledge in a particular subject‘(say arlthmetlc) to
student improvement or gain in that subject. As was.noted‘for the
secondary studiee, these studies‘usefmainly indireetimeaéures of
_teacher quallty and vague measures of student performance. Those that
seem to be relevant. to thfs study have been publlshed since 1950.

The‘flrst such study was carrled out by RyanSZI in 1951. He'
worked with 275 teachers in the third and fourth grades. He found no
significant relationship between the amount of college training (in
. total, no particular subject area) and a compOSite evaluation of
effectiveness as a teacher. Three trained observersvworking inde-
pendently determined, by obserﬁation, the effectiveness of the teacher.
Notice again that Ryans used total hours of collegée training as the
measure of his teacher variable. Further, he used the opinions of
observers as his measure of effective teaching. If effective teaching
means student learning, and most educators accept this definition, then
one must measure the student learning and not attempt to infer it.

In any case, it is not difficult to see how he could have failed to

21D G. Ryans, "A Study of the Extent of Association of Certain

Professional and Personal Data with Judged Effectiveness of Teacher
Behavior," The Journal of Experimental Education, 20:67- -77, September,
1951,
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determine a relationship between these measures of teacher knowledge
and teacher effectiveness.

22 e .

In contrast, Mork, in 1953, constructed fivé different science
tests for the students in 8 grade five and grade six classes. He pre-
tested and post-tested these students for two consecutive years. During
the second year of the study, four of the teachers (the experimental
group) participated in a one year in-service program while the other
- four teachers (the control group) did not. The in-service course dealt
with objectives, content, methods, and materials of science instruction.
The course met once a month. Some of the gains on the five different
tests were significant when the results of the second year were
compared with the results of the first year. Because of this, Mork
concluded:

The null hypothesis was rejected with sufficient frequency

to indicate that teachers, through the given test results of their
pupils, show an increased effectiveness in instruction wggch is
associated with an in-service science education program.

. 24 . X . .

In 1955, Steinbrook, attempting to determine a relationship
between college preparation and teacher effectiveness, received from

administrative personnel a list of 50 teachers who were considered

to have had outstanding teaching success and 50 teachers who were

22G. M. A. Mork, "Effects of an In-Service Teacher Training

Program on Pupil Outcomes in Fifth and Sixth Grade Science" (unpublished
Doctoral dissertation, University of Minnesota, 1953). Dissertation
Abstracts, 13:522-523, No. 4, 1953.

23Ibid., p. 523.

2 .

4R. S. Steinbrook, "Study of Some Differences in Background,
Attitude, Experience, and Professional Preparation of Selected Elementary
Teachers with Contrasting Local Success Records' (unpublished Doctoral

dissertation, Indiana University, 1955). Dissertation Abstracts,
15:1013, No. 6, 1955, :
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considered‘té‘have had the least successful teaching experiences. He
sent gach of‘ﬁhese 100 teachers a queétionnaire asking for a wealth
éf data. His opinion of the data indicated that tﬂe.t§tal amount of
college woFk appears‘to contriBute to teaching efféctiveness, but
teaching effectiveness at the elementary schooi appears to be more
closely réiafedlto the tybés of proféssional prép#ration'experienced
by teaéhersiwvi‘ | i

In 1957, Soperzs.found'signifiéanf.resulté-égﬁfrary to
Steinbrobk;26  Soper worked Qith 2656 students énd;iZQ teachers in.the
fourth, fifth;jand si#th gfades. He separated'the:teachers into two
grouﬁs usingias his criterion.fér separatibﬁ the amount of_éeneral
academic and pfofessional training each teacher ﬁad accumulated. He

also pre-tested and post-tested their students using the Stanford

Achievement Test. He found that the students with the Higher gains
had teachers from the group with less training. It should be noted
ﬁhat Soper meééured teacher effectiveness‘by evaluating student
learning. 'He did not depend upon the opinions of administrative
personnel és did Steinbrook.

In 1959, McCall and Krause27 worked with 73 teachers and their

sixth grade students. They defined teacher effectiveness as growth

25E. F. Soper, "A Study of the Relationship Between Certain
Teacher-School Characteristics and Academic Progress, As Measured by
Selected Standardized Tests, of Elementary Pupils in Grades Four, Five,
and Six of New York State Public Schools in Cities under 10,000
Population'" (unpublished Doctoral dissertation, Syracuse University,
1956) .

6Steinbrook, loc. cit.

27W. A. McCall and G. R. Krause, "Measurement of Teacher Merit
for Salary Purposes,'" The Journal of Educational Research, 53:73-75,
October, 1959,
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in ‘the nine R's--reading, ritin, rithmetic (sic), reSeerch, reasoning,
reporting, relationship of persons, recreation, resseﬁable work
skills—-measufing this growth by pre-testing and post-testing the
studeﬁts. These results were statistically analyzed and each of the
73 teaehers.wes given a teacher effectiveness score which ranged from
least effective, 20, to most effective, 88. They found that the
teaehers' knowledge ef a pertlcular subject preducedﬁeero corfeletion ‘
when cbmpa;ed fd teacher effeetiveness; They also ebserved that classes
taught by teeehers whose aVefagevcollege grades were below 90 percent -
echieved better growth than did classes whose teachers' everage college
grades were abeve 90 percent. |

In 1959, Smailz8 reporfed on what seems to be the most complete
study to date. He worked with 97 teachers and their 2438 students
in grades four, five, and six. He defined teacher effectiveness as
student gain b& pre-testing in the fall and post-testing in the spring.

He used the arithmetic tests of The Iowa Tests of Basic Skills as his

measurement instrument. He called this difference the pupils' mean-

gain in arithmetic. He did nof find a significanf difference in pupils'
mean-gain in arithmetic when the classes of teachers with two years

of preparation were compared ﬁith classes of teachers with four years

of preperatien.: However, Smail did find a significant positive relation-
ship between the number of mathematics methods courses completed by

the teacher with four years of preparation and the pupils' mean-gain in

arithmetic. Smail determined teacher understanding in mathematics by

28R; W. Smail, "Relationships Between Pupil Mean-Gain in Arithme- .
tic and Certain Attributes of Teachers: (unpublished Doctoral dissertation,
University of South Dakota, 1959).
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ad‘ministering"Glennon'sz9 Test of Basic Matﬁematiéal Understandings.
He found that"téacher understanding of basic méthématical concepts- as
measﬁred by Clennon's tést and pupils' mean-gain Wés<not significant.
Eurther, he aid not find a significant relationship between the number
of college mafhematics courses a teacher had completed and pupil mean-
gaip;in arithﬁefic. This study would indicate thétAén arithmetic methods
léouréé in the ﬁfe—service‘eddéétion.Qf'future teachefs is the most
importanf Céﬁtée ieading.to teacher efféctivéness.ﬁhén defined as-
student'leéfning. |

In lé@O, Bérnés, Cruickéhank,‘andAJ..FosterBO uéed princiﬁals'
ratings of thérteachefs' matheﬁatics instruction asjihé criterion for
teacher effeétiveness in teaching mathematics. Theif subjects were
all of the fourth grade teachers from 66 different buildings. No
significant relationship was found between the numEer of high school
matheﬁatics-éburses completed by the teachers and the principals'
ratings as Eo their effectiveness in teaching mathematics. They
also reported no significant relationship between the number of college
mathematics courses completed.by the teachers and the principals’
ratings as to their effectivéness in teaching mathematics.

In 1960, Bassham31 conducted a study somewhat similar to Smail}é-

He tested 28 sixth grade teachers using Glennon's Test of Basic

9Glennon, loc. cit.

3OK. Barnes, C. Cruickshank, and J. Foster, "Selected
Educational and Experience Factors and Arithmetic Teaching,'" The

Arithmetic Teacher, 7:418-420, December, 1960.
31

H. C. Bassham, "Relationship of Pupil Gain in Arithmetic
Achievement to. Certain Teacher Characteristics' (unpublished Doctoral
dissertation, University of Nebraska, 1960). '

2Smail, loc. cit.
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Mathématical'Uﬁdérstandings. The teachers' score oﬁ.thié test was
considered as an indication of the level of the teachers' undefstahding
of arithmetic. The 620 students were pre—tesfed in September by the

California Achievement Test, Arithmetic, 1951, Form AA. The results

of this test;:ih'conjuncfion with other data, alloﬁed Bassham to predict
the séore of’éach student 6n.Fbrm_BB of fhe.saﬁé géét when it was given
as a'postftesﬁ-in April. Any fesults that Qariedlfréﬁifhe predicte@
score waé'éélléh the AéyiafiénISCQre:df pubil gain. .A:significant
réla;idnéhip:be;Ween tééchgr scores on the paper éndlpéncil test and
dé&iatibn SC&%EévOf pupil-éain &?s repérted. Eassham.réportédtthat
. | _

teacher uhderStéﬁding as measured by Glennon's teét'eXpiained'approxi—
mately one-fourth of the variation in the deviation scores of the
pupils. He'élsq repbrted that tﬁe significant relationship between
teacher understanding and deviafion scores existed for pupils‘with
above mean intélligence, but not‘fof students with bélow mean intelli-
gence.

In 1960, another study of a similar nature was conducted by
Heil, Powell, and Feifer.33 The subjects in this study were 55 teachers
and their fourth, fifth, and sixth graders. This study was not

restricted to mathematics, but it compared teacher knowledge with student

achievement in the liberal arts. The liberal arts knowledge of the

teacher was measured by the Teacher Education Examination. Two parts
of the examination, Professional Education Knowledge and Liberal Arts

Knowledge, were administered. Student achievement was measured by

33L. M. Heil, M. Powell, and I. Feifer, ”Chéracteristics of
Teacher Behavior and Competency Related to Achievement of Different

Kinds of Children in Several Elementary Grades,' New York: Brooklyn
College, 1960.
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pre-testing and post-testing with the Stanford Elementary and Inter-

mediate Achievement Batteries. Their findings are similar to those of

most other iﬁVestigators; that is, negligible correlation between
student acﬁig§ement and teacher knowledge. They also reported negli-
gible correiation between student achievement and the teaching
effectiveneés*of.the teachers as determined by obsérvefs.

. It should be noted that éll three similar‘stqdies, Smail,34
Bassham,35 and Heil et ai., 36 used paper and pencil tésts for their
measurements;dfﬁteacher kﬁowledge and standardized festé for determining
stﬁdentlgqin.w Agaih, it might be asked whether.of ﬂét paper and pencil
tests taken %y the teachefs'really measure understanding in mathematics.
One must also again question the use of a standardized test to measure
pupil knowledge. The concern is whether or not these tests evaluate the
syllabus at thevgiven grade level. If the answer is no to either one or
both of these concerns, then enough information coul& be lost to eliminate
the possibility of significant differences.

In a related study, Houston,37 in 1961, found by using objective
tests that there is no difference in change in mathematics achievement
and mathematics interest between two groups of fourth,; fifth, and sixth
grade pupils, Qne group of pupils had teachers who participated in
an in-service education series by.television while the other group of

pupils had teachers who participated in a face-to-face lecture-

discussion in-service education series. It seems that these results

4Smail, loc. cit. 35Bassham-, loc. cit.

36Heil et al., loc. cit.

37W{ R.- Houston, "Selected Methods of In-Service Education and
the Mathematics Achievement and Interest of Elementary School Pupils"
(unpublished Doctoral dissertation, University of Texas, 1961).
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were to'bé'expected. If‘researchers are hardpressed'to relate teacher
knowledge to student gains, then it would seem even more likely that no
51gn1f1cant relationships would be found in a study of this sort.

In a‘continuation of the above study, Houstonrand DeVault,38v
in 1963, reported that teacher growth increased student growth. | They
reported a 51gn1f1cant relatlonshlp between teachers growth in the
understanding of the mathematics'concepts of the in—SerVice‘education
progran and:pupils{ growth in‘the understanding of’those mathematics
concepts‘specifieallw developed.in this program.__The researchers
_constructed theiinstruments to4measure teachers' growth and puplls
growth These 1nstruments were designed to measure ‘the mathematics
emphasized in the in—service education program. They administered
these instruments to both teachers and students as‘pre—teSts and post—
tests. They also reported no significance when teacher scores on the
pre-test were compared with pupils' growth.

The above study seems to indicate that teacher growth in a
given areaibegets student growth in that area. It aiso indicates that
initial teacher knowledge does not relate to student growth. It should
be noted that the instruments were constructed by the researchers to
"evaluate specific objectives. These evaluations led to the reported
significant difference. It might be that if researchers are to find

significant relationships, they must develop their own specific instru-

ments to evaluate specific objectives instead of using standardized tests.

38W.'R. Houston and M. V. DeVault, "Mathematics In-Service

Education: Teacher Growth Increases Pupil Growth," The Arithmetic
Teacher, 9:243-247, May, 1963.
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In 1964, Hall™" compared the gain of students taught by 17
first year certified teachers with the gain of students taught by
21 college graduates with provisional certificates in their first

'teaching assignment. Student gain scores were derived from the school's

admihistration of the StanfordvAchievement Tests each September. The
gain is the_difference ih grade level as calculated from the results
;of the test troﬁ one September to the next September. .The six areas‘of
the teet'arezt (1) paragraph meaning, (2) word meanlng, (3) spelllng,
(4) language, (5) arithmetlc reasonlng, and (6) arithmetlc computatlon
The results favored the certifled teachers in all of the six areas, and
some of the~results were significant; Hall found; as had Smlthao’ nd
others, that there is a significant relationship between the amount of
professional teacher education completed by a teacher and student
achievement. .In this instance, he found a significant relationship
existing between profeseional teacher education and each of the three
areas: (1) peragraph meaning, (2) word meaning, and (3) spelling. The
other three areas had a positive, nonsignificant relationship with
professionel teacher education. The concern that must be expressed
about Hall'svstudy relates to the potential loss during the summer and
the possibility that this loss is greater in one area than another area.
Inl1964; Watts41 pre—-tested 2121 sixth grade bhpils using the

California Achievement Test, Elementary. He then used a regression

39H. 0. Hall, "Professional Preparation and Teacher Effective-
ness,' The Journal of Teacher Education, 15:72-76, March, 1964.

40gmith, loc. cit.

41G D. Watts, "A Correlation Analysis Between Level of Achieve-
ment and Certain Teacher Characteristics in Selected School Systems"
(unpublished Doctoral dissertation, Ohio University, 1964).
Dissertation Abstracts, 25:2329-2330, No. 4, 1964/65.
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Vequation in‘a;manner similar to Bassham42 and predicted the post- test
score. The difference between the actual score and the predicted -
score'was the "level of achievement." No significant difference was
found betweenl"level of achievement" and (1) degree held, (2) years
of training, (3) recency of training,‘and (4) teachers' qualifications.

In 1965 Moore43 pre-tested and post tested the students in.

10 fourth grade classes and 11 sixth grade classes w1th the SRA Arithmetic

: Serles Grades 4— 6 He tested the 21 teachers w1th Glennon s test. He

‘found no significant relationship between teacher understanding and
pupil gain*in achievement.in arithmetic. |

In 1965, Shim44 used a different approach.f"He looked at the
cumulative effect of 87 teachers who taught 214 students while they
were‘in attendance in grades one through five. He measured student
achievement (in arithmetic, language, and reading) with the California

Achievement Test Form W Elementary. The four teacher variables were:

(1) college grade-point average, (2) degree, (3) certificate, and
(4) experience. He then dichotomized each of these variables and
checked all possible hypotheses which relate teacher variables to

student achievement. He concluded:

2BaSsham, loc. cit.

43R E. Moore, "The Mathematical Understanding of the Elementary
School Teacher as Related to Pupil Achievement in Intermediate-Grade
Arithmetic" (unpublished Doctoral dissertation, Stanford University,
1965). Dissertation Abstracts, 26:213-214, No. 1, 1965/66.

44Chung-—Phing Shim, "A Study of the Cumulative Effect of Four
Teacher Characteristics on the Achievement of Elementary School
Pupils,"”" The Journal of Educational Research, 59: 33-34, September, 1965.
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Theré is no significant difference in pupil achievement to
support the idea that an elementary teacher has to be a superior
student in college, to have a degree, to be fully certified, or
to have many years of experience in order to belsggcessful as
far as measurable pupil achievement is concerned.

In'1965, Railsback46 investigated the reliability and validity

coefficients of two different instruments which were developed to

_ measure certain facets of teacher effectiveness. A team of raters

. evaluated 25:eleméﬁtéry_téacheré on both instruments. The Iowa Test

bf'Basic'Skills was administered to the students at the end of the

year. A Weak‘noﬁsignifiééﬂf felationship was founa between ranking of
effectivéﬁe§s:and pupil achie?ements. ‘Ih view of the many studies
whiéh have shdwn ho siénificéﬁt relatioﬁship when rétings of teachéré
by observers as to their effeptiveness’is compared to achievement or
gain, it is not surprising that Railsback found no significant
relationship;

In 1967, Hurst47 failed to find a relationship between the
number of hours of college mathematics possessed by a teacher and

student gain scores derived from administration of The Metropolitan

Achievement Test. His population was 55 third grade teachers and

their students. To obtain student gain he used the same procedure

as Hall;48 that is, he used the school's records and obtained successive

“1bid., p. 3.

46C.-‘E_. Railsback, "A Comparison of the Reliability and
Validity of Two Types of Criterion Measures for Evaluation of

Instruction" (unpublished Doctoral dissertation, University of Iowa,
1965). DiSsertation Abstracts, 26:5829, No. 6, 1965/66.

7D; Hurst, "The Relationship Between Certain Teacher-Related
Variables and Student Achievement in Third Grade Arithmetic"
(unpublished Doctoral dissertation, Oklahoma State University, 1967).

48Hall, loc. cit.
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September séofes on the test. Agaiﬁ, one must cfiﬁigaliy question the
éummer efféét#lbn such a procedure and the lack of specifity of.the
tests us¢d§ 

RoUSé;Ag also reporting in 1967, used alteéhﬁique similar to
Shim;so, He:foﬁnd no relationship between arithmetic-éChievement of
fourth graaé“stﬁdeﬁts and:the total mathematics preparatiénﬁof the
teaéhers'résﬁgnéible for theif iﬁsﬁructiéﬁ from kiﬁdefgarten through

grade six. The arithmetic achievement of the étudents was measured

by the Califprhia'AChievement Tésts; The total.matheﬁaﬁics“pfeparation
of the feaéhersfwaé the matheﬁatics coufées they had:dbmpleted in
high schooi,'college, and in-service.

In 1970, Cox51 tested third graders and sixth graders with

the SRA Achievement Series, Arithmetic, 1964. She classified the

teachers of these students as high, average, or low as determined by

their scores én Dr. Leroy Callahan's52 Test of Matﬁematical Under-
standing. -Sﬁe found no significant results when she made the comparison
between teachér knowledge asvmea;ured by Callahan's test and pupil

mean-gain as measured by the pre-test post-test pfocgdure. She did

report that for the sixth graders there was a nonsignificant positive

9 .
Rouse, loc. cit.

SOShim, loc. cit.

51L. S. Cox, "A Study of Pupil Achievement in Mathematics and
Teacher Competence in Mathematics" (unpublished Doctoral dissertation,
University of Kansas, 1970). Dissertation Abstracts, 31:2767-A,
2768-A, No. 6, 1970/71.

2y 6. Callahan, "A Study of Knowledge Possessed by Elementary
School Teachers, In-Service and In-Training, of Cultural, Psychological,
and Mathematical Foundations of the Elementary School Program"
(unpublished Doctoral dissertation, Syracuse University, 1966).
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relatioﬁship. :Pupils of high classified téachers méde larger gains
tﬂan did pupils of average classified teachers. Fﬁftﬁer, students of
averagé clagsifiedvteachérs made larger gains than did students of
low claésifiéd.teachers. She did not report any relationships, sig-
nificant or ndf significant, for thé third gradefs{.

In gﬁﬁmariiiﬁg the“elemenfary sého;l studies, it seems they
use the samevteéhniqﬁes'oﬁer and over énd‘gét thexsame results. Even
in l9f0 Co§§3 did not éhange tﬁe procedure; Ifbwélaré to find any
relatioﬁsﬁiés'ﬁe will have to change some-Qays.df dbtaining information .
and séme wé?s df analyzing thé information; Houston and DeVault5
moved toward a more approﬁriate aﬁproacﬂ wﬁen.they déveloped specific
instruments to measure the desired goals.

When using the pre-test post-test idea, cafe:must be taken
to assure fhét gain is being measured. Using results obtained in
successive Septembers leaves the results open to several serious
questions. Even testing in September and May can be questioned because
most of September, October, and November are commdqu spent in review.
If certain understanding is possessed by the studert, then the teacher's
understanding or lack of understanding will have little effect on
the student during this period. The true effect of the teacher might
better be obtéined by pre-testing and post-testing around well

identified and controlled blocks of novel material.

Attitudinal Reviews

A great amount of time and effort has gone into efforts to

construct attitude scales that give an individual's attitude to a

53.Cox, loc. cit. 54Houston and DeVault, loc. cit.
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particular matter. Much more time and effort will be spent’with:
éimilarlresults; that is, results which must be suspect because Qf'
the instrumente-used.

In 1956, Poffenburger and Norton55 asked 16 eollege seniors- -
to complete a questionnaire felative to their attitudes toward
mathematics and when they developed‘these attitudes. After revleﬁing
the results'they concluded'

1. Parents determlne 1n1t1a1 attltudes of their ch1ldren
toward arithmetic. s

2. Parents' expectations of their children's performance and
the encouragement they give in regard to the study of arithmetic,
affect children's achievement.

3. Arithmetic and mathematics teachers can have strong

- positive or gggative effects upon students' attitudes and
achievement. :

Also working with college students, Purcell,57 in 1964, studied the

effect of certain factors on attitude change toward elementary mathe-~

matics in a group of prospective'teachers. The Dutton Arithmetic

\ 58 . . .
Attitude Scale”™  was used to determine student attitude. Purcell
reported a significant correlation between attitude in elementary
mathematics and understanding of elementary mathematics, but reported

a nonsignificant correlation when comparing improved understanding

55T. N. Poffenburger and D. D. Norton, "Factors Determining
Attitudes Toward Arithmetic and Mathematics,'" The Arithmetic Teacher,
3:113-116, April, 1956.

56

Ibid., p. 116
57W. J. Purcell, "Some Factors Affecting Attitudes of Pros-
pective Teachers Toward Elementary Mathematics" (unpublished Doctoral
dissertation, Teachers College, Columbia University, 1964).

58w H. Dutton, "Measuring Attitudes Toward Arlthmetic,
Elementary School Journal, 55:24-31, September, 1954.
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with faVOrable'attitude change. He also repbrted é»nonsignificant
cbrrelatidn wﬁen comparing favorable attitude éhaﬁgéAwith a high grade
in coursenﬁork. This study seems to indicate that if a student under-
stands thg maférial he has a favorable attitﬁde, but a favorable change
in attitude'ddes not assure increased understanding.br better grades.

O'Déﬁnell,sg in 1958, examined 109 college séniops in elementafy

education with the California Achievement Test, Mathematics Section,.

Grades-9vtofl4, Form W, to determine their arithmétic proficiency. He

also administered H. H. Remmers'60 attitude scale, Scale to Measure

Attifudes Towéfd Any School Subject, to find studeﬁt.attitude toward
arithmetic. Hé foﬁnd:that attitu&e‘toward arithmetic showed only a

low nonsignificant correlation with arithmetical achievement and
arithmetical problem solving behavior. White,61 in 1962, disagreed with
O'Donnell'after evaluating 92 college students, enrolled in a methods

course for elementary school arithmetic, with the Dutton Attitude Scale‘_

and Test D: Basic Arithmetic Skills of the Iowa Every—Pupil Tests of

Basic Skills, Advanced Battery. She reported significant positive

changes occurred in students' attitudes toward arithmetic, and

P75 R 0'Donnell, "Levels of Arithmetic Achievement and
Attitude Toward Arithmetic and Problem Solving by Prospective Elementary
Teachers" (unpublished Doctoral dissertation, Pennsylvania State
University, 1958). Dissertation Abstracts, 19:1300, No. 6, 1958/59.

6OH. H. Remmers, N. L. Gage, and J. F. Rummel, A Practical
Introduction ‘to Measurement and Evaluation, (New York: Harper and
Brothers, 1960), pp. 285-342.

61M. J. White, "A Study of the Change of Achievement and
Attitude Toward Arithmetic by Prospective Elementary School Teachers
Under Conditions of Television" (unpublished Doctoral dissertation,
Wayne State University, 1963). Dissertation Abstracts, 25:2302-2303,
No. 4, 1964/65. :
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significant gaiﬁs werelmade"in voéabulary and fundéﬁental-knowledge,
computations, and total arithmetic achievement.

The £hree studies, Pufcell,62 O'Donnell,63‘and White,64 are
indicativebdf fhe studies which attempt to relate attitude and
achieVementvin arithmetic as it felates to pre—serﬁipe training of
‘téachers. Sinéé these studiés and other:simiiar stﬁdies are confré—
dicfbry, bne ﬁﬁétvquestion the procedures. It is not clear what.is being
_measgrgd Qhen?staﬁdardizéd tests and attitude séaléé aré being used{
If i; evideﬁ£ thaf'différeﬁf brdcedures afe necessar?lto determine
Qhether or;hbtifhefe is a relationsh{p between aftitude and achievement
in afithmetic. |

Studies at the secondary level are no more conclusive.
Goldberg et_alﬂ65 found that attitudes of junior high school students
toward arithmeﬁic-were not correlated to their gain in achievement in
arithmetic;.'This is in agreement with O'Donne1166 ét the secondary
level. GoldBerg et al., wrote:

Why the students who showed the greatest gains in achieve-
ment did not also show more positive attitudes-toward69athematics
is a question which cannot be answered from the data.

Peskins68 working with seventh graders compared teacher attitude in
arithmetic with student atfitude in arithmetic and with student

achievement in arithmetic. Out of 24 possible correlations between

teacher attitude and student attitude or student achievement, 15 were:

62Purcéll, loc. cit. 63O'Donnéll, loc. cit.
b . . 65, 1o _
White, loc. cit. Goldberg et. al., loc. cit.
66 67

0'Donnell, loc. cit. Goldberg et al., op. cit., p. 261.

8Peskins, loc. cit.
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negative and é bf ;hese correlations were significant. These results
indicate that a tééchef's attitude toward mathematics might play an
in&erse role ihfaffecting the students' attitude or échievemenf. A
significant posifivé relationship did exist between tﬁe teachers' under-
standing of afiéhmétic and pupils' éttitude toward afithﬁétic. Garnefég
found no sigﬁificant relatioﬁship Between teacher attigude towardv
algébra and stu&eﬁt aéhieveﬁent in élgebra. o

McCradié,70 in 1959; reportea;lin Qhat éppeéfé foibe'one of
the most'cdmpréheﬁsivé and Wéll-designed studies to aate; some
?elatioﬁshipé between teacher attitude and étudeﬁt adhieVemeﬁt in
first year algebra. His pdpulation'was 29 teachers.aﬁd 1642 students.

He used the Minnesota Teacher Attitude Inventory to measure the

teachers' attitudé toward teaching. He then classified the teachers as
high, middlé,»br-low, depending upon the results of the attitude
inventory. The students were-evaluated in three aréas: (1) quanti-
tative thinking, (2) functional competence in matheﬁatits, and

(3) algebra achievement. McCradle found the students in classes

of the high teacher éroup had significantly larger gaiﬁs in quantitative
thinking and fuﬁctional competence in mathemaﬁics than did the students
with teachers in the middle group or the low group.‘ Further, the

attitude of the teacher was not significantly related to pupil scores

69Garnér, loc. cit.

7OJ.?H. McCradle, "An Investigation of the Relétionship Between

Pupil Achievement in First Year Algebra and Some Teacher Characteris-
tics" (unpublished Doctoral dissertation, University of Minnesota,
1959). Dissertation Abstracts, 20:165, No. 1, 1959/60.




on_the‘algebra.achievement measure. Taylor,7l thongh;.could find no
significant correlations between teacher.attitude to.pupils and high
school science'growth.

It seems that the evidence is again 1nconclu31ve The study
by McCradle72 would seem to indicate that those teachers with a more
positive attltude toward teaching do develop some characteristics

1
. in students, quantltatlve thinklng and functional competence in mathe~
.‘matics, that other teachers do not develop. Again, more research is
‘necessary to draw strong conclusions. |

Two'stodieS‘seem relevant at the elementary level. ‘Smail73

also used the Minnesota Teacher Attitude Inventoryzto measure teacher
attitude toward teaching. He found a significant reiationship between
the attitude_of the teacher toward teaching and pupilfmean—gain in
arithmetic. His population was fourth, fifth, and sixth graders.
These results somewhat support the findings of McCradle. 74 Bassham,
Murphy, and Murphy 7> compared student attitude to'student achievement.
They measured student attitude using Dutton's scale. They separated
the students into two groups, over-achievers and under-achievers.

They made this grouping on the basis of results from Kuhlman-Anderson

Intelligence Tests and The Iowa Tests of Basic Skills (Reading Compre-
hension). They reported a significant relationship between attitude
and classification as over-achiever and under—achiever. They further

reported, - though:

71'I-‘aylor, loc. cit.- 72McCradie,_loc. cit.
73Smail, loc. cit. .74McCradle, loc. cit.
75

H. Bassham, M. Murphy, and K. Murphy, "Attitude and
Achievement in Arithmetic," The Arithmetic Teacher 11:66-72,
February, 1964.
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The wide variability in weighted achievement at both extremes

of the distribution of attitude scale scores would indicate that
prediction of achievement on the,basis of attitude score for
individuals would be hazardous.

These studies seem to indicate that teacher attitude and/or
student attiqﬁde toward arithmetic might have some relationship to
student learning of arithmetic. By using wide-range attitude scales,
most studies possibly lost the results necessary for significance.

It might be that narrowing the scope of the attitudé_measured could

lead to significant results.
A ' . : '

sttificétion_of the Study

| As indicated in the above review, most of ;hé studies did not
gest teacher knowledge or teacher attitude directlf. They used
principals' ratings, number of college courses taken3“and other
indirect measures. It might be expected that the flndlngs of these
studies would be less reliable than from studles in which these
variables are directly measured. Heil et al. agreed, concluding:
fObserverS-ratings, per se, are next to wofthless as a criterion of
teacher effectiveness."77 Medley and Mitzel,78 after reviewing
bonclusions from previous research involving supervisory ratings,

came to a similar conclusion.
!

76Ibid., p. 71,

77Heil et al., op. cit., p. 66.
78D M. Medley and H. E. Mitzel, '"Some Behavioral Correlates

of Teacher Effectiveness," Journal of Educat10nal Psychology,
50:239-246, December, 1959.
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Five studies at the elementary level di;ecfly tested teacﬁér
knéwledgé with a papef and pencil test. Héil et‘all.79 made no.effort
to determihe.teachefs' ﬁnderstanding'of arithmetié. They determined

teacher knowledge by administering the Teacher Education.Examinationl

which is a very geﬁeral examination. Smail,80 Bassham,81 and Moore82
determined teacher understanding by administering Glennon's Test of

Basic Mathematical Undérsténdiﬁgss3 constructed in 1948. This test

was designed to determine the understéndings baSi¢ to computational

processés faught in grades one through six at that time. Cox?4

administered Callahan's Test ofiﬁéthematical.Undérétaﬁdingss'fof'her

criterion of teacher uh&erstaﬁdihg. This téét,iooké at ﬁany aspects
of arithmetic and it is not clear what it is designéd to measure,

but it is not designed to measure only undersfanding in arithmetic.

In view of recent developments in elementafy gchool mathematics, it
seems that teéching at thé elementary level now involves more advanced
understandings than those basic to the coméutétional processes. It
must therefore be concluded that the failﬁre of these studies to
report significant résqlts may be attributable to the inprecision of
the measures rather.than to a lack of any underlyinglrelationship.

An attempt to detect ahy such underlying relationshiﬁ must now result

from an effort to measure preciéely those teacher understandings

79Heil et al., loc. cit. 80Smail, loc. cit.
lBassham, loc. cit. 82Moore, loc. cit.
83Glennon, loc. cit. 84Cox, loc. cit.
85

Callahan, loc. cit.
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related to contemporary mathematics and to the syllabus of é specific
elementary program.

For the same reaéons mentioned above, it is now necessary to
refine the measures of student growth. It might be worthwhile to
partition student growth into three parts: (1) computation,

(2) problem solving, and (3) understanding. One might expect con-
sideréble variation'in the relationships between specific teacher
variables and each of these parts of studént growth in arithmetic.

This migﬁt be especially true when relating.teacher understahding to
student understanding in arithmetic. 'None'of the five studies mentioned
above measured student growth‘in understanding.

All five of these studies used nationally normed standardized
tests to determine student gain. It is probable that these tests
did not adequately evaluate the goals of a given syllabus. More useful
data might be obtained if thevtests used to determine studeﬁt growth
were designed for the goals of the syllabus for the grades involved.

The review of the literature indicates that present information
regarding the relationship between teacher variables, especially
understanding in arithmetic, and student achievement and/or growth
is inconclusive. Only one study, Bassham,86 at the elementary level
found a significant relationship and that relationship held for only
above average students. The literature suggests that this incon-

clusiveness may be partially the result of insufficient identification

86Bassham, loc. cit.
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and measurement of the variables which are likely to be significant.
In 1945, Barr87'summarized:

The success of the teacher depends no small part upon the extent
that what she has to offer fits into the expectancy of pupils,
parents, and school officials in the community in which she works.
These.ggdividual determiners of teaching efficiency need further
study. R '

(A,'Auteache: variable which deserves some. consideration in today's
world is the attitude of the teacher toward-contémpbrary mathematics.
This variable has not been,compared'with student gains in any study
found by this researcher. It might be that this attitude has a
relationship to the learning of contemﬁorafy mathematics.

89 after reviewing the literature to 1964,

Weaver and Gibb,
concluded:
Investigations such as these, however, leave unanswered the
question concerning ''cause and effect." Existing evidence is
consistent with the hypothesis that teacher change begets pupil
change of a like kind in mathematics. Nevertheless, one must

~look to the fuéug for research designed specifically to test
this hypothesis.

The demands for more research in the area of teacher variables
versus student gains seem to be great. They not only come from the
reviewers of the literéture, but from Departments of Mathematics who
would like to adjust their programs to meet the needs of pre-service
students, and from practicing teachers who would like to take in-service

courses to better educate their students.

87A. S. Barr, "Impressions, Trends, and Future Research, "
Journal of Experimental Education, 14:200-206, December, 1945.

88

Ibid., p. 206.

89F. J. Weaver and G. E. Gibb, "Mathematics in the Elementary

School," Review of Educational Research, 34:273-285, June, 1964.

Orbid., p. 282.
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The Variables

Because of the ptoblems, needs, and justification discussed
above, this study will attempt, in a more sonhistiCated way than appears
to have been attempted to date, to establish relationship hetween
selected teacher variables and student growth in arithmetic, The
teacher uariables-uill be: understanding-of arithmetic.by.direct
.testing, attitude ‘toward contemporary mathematics, college courses
taken in mathematics, how long since the last of these mathematics
courses ‘was taken, college courses taken in methods of teaching
mathematics, how long ago was the last of these methods courses taken,
number of quarter hours of professional education courses, numbet of
years of teaching experience, number of years in present district,
and principal's rating. Student growth in ‘arithmetic will be
- partitioned into three parts: (1) computation,. (2) problem solving,
and (3) understanding. The reason for including teacher variables
different from teacher understanding and teacher attitude is that some
investigators have reported significance when using some of these
variables. Further, other researchets have reported that a composite

of these variables have a significant effect on student learning.

Hypotheses
The following null hypotheses will be checked:

Hl. There is no significant relationship between selected
teacher variables and student growth in computation.
H2. There is no significant relationship between selected

teacher variables and student growth in problem solving.



H3. There is no significant relationship between selected
teacher variébles and student growth in understanding.

H4. There is no significant relationship be;ween selected
teacher variables and student growth in achievement.
Since no speéific a priéri hyéotheses have been seleéted from among
‘the huge nﬁmber of possible interaction effeéts, any observations
made of suéh interactions will bé consideréd suggeétions for further

research.
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Chapter 3
DESIGN OF THE STUDY

Definitions

»Tﬁere,is considerable variation in the literature rééarding
definitions of terms used in mathematics. Although:not all researchers
would agree, this study will adopt the”follbwing‘definitions:v

i. .Elemenfafy'grédes: kiﬁdergarten fhrddgh.sixth.grade;

2, Secondary school: seventh>grade.through senior year in
high school.

3. Computation: that part of arithmetic dealing with the
algorithms of the real numbers. |

4. Problem solving: that part of arithmetic dealing with
worded problems and the establishment of equations-which lead to
correct solutions.

5. Understanding: that part of arithmetic dealing with the
algebraic principles, the patterns, the fundamental properties of the
real numbers, and the notational agreements accompanying them.

6. Growth: The difference between post-test and pre-test.

7. Achievement: growth in problem sblving, computational

skills, and understanding.

The Subjects

In an effort to overcome some of the design.problems discussed
in Chapters 1 and 2, the Spokane, Washington, and Bremerton, Washington,

42
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school districts were chosen as the areas in which tovearry out the
study. They were chosen because: |

1. They both nsed the Laidlaw Mathematics Series.l

2. They had very similar orograms in elementaty schooi
mathematics.

3; Tests could be constructed which measure the material of
the text and the programs. |

4, Spokane isva metropolitan srea of 200, OOO people and is a
transportatlon center in the eastern part of the state, whlle Bremerton
is a city of 30 000 and is an 1ndustrial.area in the western part of
the state. A reasonable cross—-section of the state's population‘was
possible by using both cities.

5. The teacher population was large enough so that a random
sample of the 400 teachers would ensure valid statistical_treatment of
the data,

6. Neither district groups students homogeneously. They are
assigned to teachers on a random basis.

7. The teachers were the regular fourth, fifth, and sixth grade
classroom teachers, all of whom met the state's certification requirements.,

8. The students were fourth, fifth, and sixth grade students

from the schools in the two districts.

Construction of Tests

Again, to overcome the stated deficiencies of the studies

reported in Chapter 2, tests designed to measure the material of the

1B H. Gundlach et al., Arithmetic (River Forest, Illinois:
Laidlaw Brothers Publishers, 1964).
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Laidlaw Series and fhé understandiﬁg of students and teachers were
constructed.'_Eleven different tests were constructed:
1. A test of teacher understanding.
2. ‘An'inveﬁtory ﬁo measure teacher attitude toward contemporary
as opposed to traditional mathematics. |
3. Nine student teéés of-arithmetic:
ka) Thréé prqblemx501Ving tesfé, one fbf each gréde.
(b) Thfee cémputatioh.tests, one for ééch‘grade.
(c) Three uﬁdérstanding tééts;'oné fof'éach'gréde.

- In an atfeﬁpt tO»eﬁéuré réliability of the tésfs, extensive use -
was made éf item analysis procedures. On the basis of the item analyses,
changes were made in the various tests which resulfed in an increase in
their internal consisfency.

Realizing the difficulty encountered in attemptipg to validate
a measuring device, the primary attempts at validation were in the areas
of content validity and grade discrimination. The items included.in the
student tests were determined by careful examination of the concepts found
in the Laidlaw Arithmetic Series. These items, as well as the items in
teacher tests, were then subjected to close scrutiny by experts in the
field of Méthematics Education.

The specific procedures followed in test COnétruction are discussed

in the following sections.

Construction of a Test of Teacher Understanding
Because of the nonexistence of a test for practicing teachers that
attempts to measure all areas of understanding, a test for use in this

study was constructed.
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A set of 114 items was collected. Sixtyfthree of these items had
been used bf.dther researchers to measure understanding. Fifty-one of the
items were constructed specifically fot this test. All items were chosen and
designed to measure understanding the teacher should possess so that she can
—teach the mathematical understanding stressed in the Laldlaw serles, the
series used in the two districts. All items were multiple choice. Some
items had three choices, some had four ch01ces, and some- had five choices.

The 114 1tems were administered to 58 student teachers at the
University of British Columbia, Item analy51s led to -the removal of 16
.items. The remaining 98 items were administered tc 75 students at the
University of British Columbia who were in the last month of a mathe-
matics course for elementary teachers. Item analysis led to the removal
of sik more items. Because the subjects used were coliege students,
careful consideration was given those items which seemed too difficult
or easy.

The renaining 92 items were divided into two subtests with 12
items duplicated. Each of these subtests was given to 80 students in
summer school at Eastern Washington State College; Cheney, Washington.

The majority of these subjects, 68, were practicing teachers. Forty-
one of the 68 were teachers of the fourth, fifth, or sixth grades. The
item analysis eliminated 22 items leaving 70 items cn the test.

Before these items were again used, each item was rewritten
so that it had five possible answer choices, and one of the choices was
"none of these" or its equivalent. These 70 items were then administered
to 164 practicing elementary teachers attending summer school at Eastern
Washington State College. Eighty-nine of these subjects were fourth,

fifth, or sixth grade teachers.
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Néne of thé items were removed because thé§ wére.too difficult
or too easy. All the items were answered correctly by at least 23 percent
of the subjecté and none of the items were anéwered correctly by more
than 81 pefcent of the subjects. Further item analysis indicated
that 10 items were not excellent discriminators when fhe 50 high scorers
were compared with the 50 low scorers. The diffe;encé was 15 percent
or iess when‘the correct percéhtage éf the fop.50 oﬁ a given item'was
éOmpared with the correct péféenfage of the low 50 on thevsame itémﬂ
Hence, these 10 ifems were removed from the test. |

To estimate the minimum possible reliability.of the test, the
Kuder—Richardson‘ZO reiiability coefficient2 was calculétéd.. The 60
remaining itemé had a‘Kdder—Richardson 20 reliability coefficient of
.79. The data for this calculation was from the 164 summer school
students identified above.

Because of the validation procedures and the high Kuder-
Richardsbn Zb reliability coefficient, these 60 items were used as the

Test of Teacher Understanding for this study. A copy of the instru-

ment is Appendix A.

Construction of An Inventory to Measure Teacher Attitude Toward
Contemporary Mathematics Opposed to Traditional Mathematics

Since 1957 the use of 'new,' 'modern,' or 'contemporary' mathe-
matics has been on the increase throughout the continent. Even though
these are in general use, it is questionable whether or not the majofity
of teachers have a positive.attitude toward contemporary mathematics

curricula.

2G. F. Kuder and M. W. Richardson, "The Theory of the Estimation
of Test Reliability," Psychometrika, 2:151-160, September, 1937.
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In a review of‘the literature concerning teacher attitudes, no
inventory was found that attempted to measure teachers' attitude toward
contemporary as opposed to more traditional mathematics curricula. Such

an 1nventory for use with elementary teachers and elementary education

maJors was cons tructed

~ An 1nstrument constructed by Rice,3 in 1964, evaluated attitude

toward modern mathematics as: well as attitude toward mathematics.
Because of the dual purpose of this 1nstrument it was not deemed
approprlate for the’ purposes desired The correlatlon between this
inventory and Rice's 1nventory is‘.75.' This was computed from the
results of 46 elementary majors at the Unlver31ty of British Columbia.

A list of factors which seem to reflect the d1fferences
between tradltlonal mathematlcs and contemporary mathematics at the
elementary level was generated as a result of a questionnaire circulated
among a group of five authorities in the field. These factors were:

1. Teachersl-general and/or overall reaction toward contempo-
rary mathematics. |

2. Teachers' opinions‘of computational speed and/or computa—
tional ability in mathematics.

3. Teachers' opinions of the place and/or the.value of new
topics in mathematics, e.g., set theory, other bases.

4. Teachers' opinions of student needs in mathematics and/or
student reactions to mathematics.

5. Teachers' opinions of the place and/or the value of the

principles of arithmetic in mathematics.

3J. M. Rice, "A Study of Attitudes of Elementary Teachers Toward
Modern Mathematics Programs" (unpublished Doctoral dissertation, Oklahoma
State University, 1964).
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6. Teachers' opinions of the methods of teaching arithmetic.

A list of 49 items was constructed with these factors‘as the
guide.) Each item was a statement which was followed by two choices
from which the subject was to choose his response. The choices repre-
sent preference for modern mathematics.curricula or‘preference for
traditional mathematics curricula.

The first version (Appendix B) of the attitude 1nventory was
-administered to a summer school class of 18 students at the Unlversity
of British Columbia. Most of these students were practlc1ng elementary
teachers. Their scores ranged from 28 to 44 with a mean of 35. 39, a
median of 34, S, and a standard dev1ation of 4. 55 This class was also
given the opportunity to comment on statements which they found
ambiguous or misleading. An analysis of these results and comments
led to the removal of seven items--3, 7, 11, 32, 33, 36, 39--and the
rewriting of sixteen items.

The first version of this inventory was also administered to nine
students at the master's level who were taking a‘course in mathematics
education. These students were instructed to mark the choice for each
statement that in their opinion indicated the stronger attitude toward
contemporary mathematics; If at least eight of the nine students agreed
on a response, that response”was assumed to show the more positive
attitude. These results and the comments of these students resulted
in the rewriting of eleven items and the removal of two items~-18 and 49,

To estimate the minimum possible reliability of the inventory,
the Kuder-Richardson 20 reliability coefficient was calculated. This

first version had a Kuder-Richardson 20 reliability coefficient of .64,
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The.second version of the‘inventory_(Anpendix B), containing 40
items;.was administered to 18 different summer school students, also
at the Universitydof British Columbia. Most of these students were
oracticing elementary teachers. Their scores ranged from 17 to 36
with a mean of 28 17, a median of 30, and a standard deviation of 5.03.
The Kuder—Richardson 20 reliability coefficient for the second version
was .73 The analysis of these results 1ed to the removal of seven
items--3, 4, 5, 13 15 22 28—-and the rewriting of eight items.

The third version of the inventory (Appendix B), containing 33
items, was administered to a class of 33 different summer school
students at the University of British Columbia. Most of these students
were praéticing'elementary teachers. Their scores ranged from 9 to 30
with a mean of.21.76, a median of 22, and a standard deviation of 5.16.
The Kuder—Richardson 20 reliability coefficient,wasf.78. Item analysis
of these results led to the removal of eight items--4, 7, 12, 16, 22, 23,
27, 29. None of the remaining items were rewritten.

At the end of the third version of‘the inventory the teachers were
asked to rate their attitude toward modern mathematics on a scale from
1 to 11. Their ratings ranged from 1 to 11 with a mean of 7.48, a median
of 8, and a standard deviation of 2.24. The correlation between thedir
scores on the inventory and their opinions was .68,

The fourth version (Appendix B), containing 25 items, was adminis~-
tered to 137 summer school students at the University_of British Columbia.
Most of these students were practicing elementary teachers. These 137
students had scores.which ranged from 6 to 24 with a mean of 17.39, a
median of 18, and a standard deviation of 3.68. 'The Kuder-Richardson 20

reliability coefficient for this fourth version was .67.
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As part of ‘the item analysis of the 137,results, the point
biserial correlation4 coefficient of:each item with the whole test was
calculated. An»examination of Tabie 1 indicates that three of the items--
5, 8, 19--did not have significant correlation coeff1c1ents

As a matter of interest a factor analy51s was conducted The
factor analysis of the scores of the above mentioned 137 students was
performed by the computing center at the University of ‘British Columbia.
The program used was the factor analysis sample program from the IBM 360
Sc1entific subroutine package5 and the factor scores’ program from

Cooley and Lohnes' Multivariate Procedures for the Behavioral Sciences. 6

It also uses the varimax procedure for analytical orthogonal rotation.
It should be noted that Glass and Taylor7 point out that this program
gives only approximate factor scores.

Because of the conclusions by John B. Carrol,8 tetrachoric
correlation coefficients were used for the factor analysis instead of
Pearsonian coefficients. To verify some of the problems mentioned by
Carrol, a special run using 23 of the 25 items and Pearsonian correlation

coefficients was made. The results gave eight factors which accounted

4H. E. Garrett, Statistics in Psychology and Education, (New York:
David McKay Company, Inc., 1958).

5IBM System/360 Scientific Subroutine Package. Programmer's
Guide (360A~-CM~03X).

6W W. Cooley and P. R, Lohnes, Multivariate Procedures for the
Behavioral Sc1ences, (New York: John Wiley and Sons, 1962).

7G V. Glass and P. A. Taylor, "Factor Analytic Methodology,"
Review of Educational Research, 36:566-587, December, 1966.

8J. B. Carrol, "The Nature of the Data or How to Choose a
Correlation Coefficient," Psychometrika, 26:347-372, December, 1961,
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correlation coefficients gave nine factors but accounted for 8l percent

of the variance.

Table 1

Point Biserial Correlation

Item - : Coefficient®
1 e e e e e e e e e e .38
2 T .28
3 et e e e e e e e .27
4 T T ST ¥ |
‘5 e e e e e e e e e e .20
.6 .. . . .38
7 . .. .37
8 N ¥
9 ".35
10 e e e .28
11 e e e e .30
12 .40
13 e e e .52
14 e e e e e e e e e .47
15 e e e e e e e e e .30
16 A
17 .33
18 e e e e © W47
19 B 0} |
20 ' .29
21 .45
22 " b4
23 e e e e e e e e e e .38
24 e e e e e e e e e . .37

e e e e e . .28

The results of the factor analysis using all 25 items showed
10 factors which accounted for 81.5 percent of the variance. The
rotated matrix was examined in an effort to determine which items

contributed to these factors. It was assumed that a correlation of

2,22 for significance at the .01 ievel.
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.20 or larger between an item énd a factor would identify those items
that compose most of the factér. Table 2 shows tﬁe items which compose
each factor.

Because of the.lack of a significant point biserial correlation
coefficient, the three items 5; 8, and 19 wére removéd and the teachersi
scores were¥reca1culated. The 137 teachers" scores ranged from 5 to 22
with a mean of 16, a median of 16, and a standard deviation of 3.59.v
The Kuder—Riéhardson_ZO reliability coeffiéiént for éhese 22 items was
.71.. It muét be.noted tﬁat a céefficient récalculated on original data

in this fashion may be spuriously high.

Table 2

Items Which Have Correlation Coefficients
of .20 or Greater with a Factor

Factors Items
1. 4, 7, 12, 13, 15, 18,% 20, 21,2 22,2 23,2 25
2 3,% 4, 6, 11, 14, 16 17,2 23, 24°
3 1,2" 11, 13, 15, 16, 22, 25°
4 1, 6,27, 9,213, 14,2 16, 18, 21
5 4,% 5,27, 9, 20, 21, 25
6 2,%7,% 12, 13, 15, 16, 17
7 3, 4, 7, 10,2 13, 14, 15,2 20
8 1, 3, 4, 6, 7, 9, 11,2 12, 14, 21 _
9 3, 4, 8,13, 20%
10 6, 7, 12, 19,2 25

a
A correlation greater than .5.



53

An,exémination of Table 3 indicafes that all.of the remaining
22 items had significant point biserial correlatiéns with the whole test.
Table 4 shows the results of the factor analysis on the 22 items. These

eight factors éccounted for 77.8 percent of the variancé.

Table 3

Point Biserial Correlation®: -

Ttem . v Coefficientb
1 .36
2 o .30
3 o e .29
4 .37
6 . .35
7 .37
9 .34

10 . . oo, .31
. .30
12 e e e e e e e e e e e e e .45
e .55
14 e e e e e e e e e e e e e .48
5 0 s, .29
16 L .43
17 T .35
18 e e e e e e e e e e e e e e, .48
200 . . o e s e s s .33
21 e e e e e e e e e e e e e 44
22 St e e e e e e e e e e e e e . .46
23 S e e e e e e e e e e e e .40
24 Ce e e e e e e e e e e e e e e .38

25 L e s .28

322 items; 5, 8, and 19 removed.

b.22 for significance at the .01 level.

The data from the third version of the test were then reanalyzed

using just these 22 items. The correlation coefficient between the
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teachersf.scptes'on'theSe 22 items and'theit opinieh.ef their attithde
towerd contemporary mathematice was .79. |

Because of the validation procedures>and the results of the
analyses on the 22 items, it was decided to use theee 22 items as the
inventory to.determine teacher s attitude toward contemporary as opposed

to traditional mathematics. A copy'of the instrument is in Appendix B.

_ Table 4

Items Which Have Correlation Coefficients
- of .20 or Greater with a Factor?

Factors - ‘ Iteme‘
1 4, 7; 12, 13, 15, 18,° 22,P 23,P 25
2 3,% 4, 6, 11, 14, 16,°17,% 23, 24P
3 2,% 7,% 12, 13, 15, 16, 17
4 3, 4, 7, 10,° 14, 15, 16
5 1,b 7, 13, 15, 16, 22, 25°
6 1,3, 4,56, 9, 11,° 12, 14
7 1, 6,° 7, 9,° 13, 14,% 16, 21
8 4, 7, 10, 13,° 18, 20°

892 items; 5, 8, and 19 removed.

b
A correlation greater than .5.

Construction of Student Tests of Arithmetic
Three tests were constructed for each of the three grades:
fourth, fifth, and sixth. These tests were tests of understanding,

problem solving, and computation.
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To obtain items for the Fourth Grade Computation Test, hereafter-
denoted C4, the fourth grade textbook was scrutiniaed and compared with
the third'grade:textbook. ‘All forms of computation new to the fourth
grade were identified. Forty items were constructed representatlve of
. these types of computation. Slmilar procedures were - used to obtain items
for the Fifth Grade Computation Test and the Sixth Grade Computation Test
hereafter known as C5 and Co6. Forty-four items were constructed for CS
and 54 items were constructed for 06 | |

To obtaln items for the Fourth Flfth, and Sixth Grade Problem
Solving Tests, the textbooks for these grades were scrutinlzed and
compared with textbooks from the previous grades. Problem solving
procedures new to each of these grades were identified. Tests of 20
items each, one test for each grade, were constructed. The items were
representative of the problem solving procedures new to each grade.

These tests will hereafter be known as.P4, P5, and P6.

To obtain items for the three tests of understanding, the
textbooks of grades four, five, and six were scrutinized and the
understandings were identified. One hundred thirteen items were
constructed which were representative of these understandings. These
items were randomly divided into two subtests. Subtést A contained
57 items and subtest B contained 56 items.

These 113 items were evaluated on a scale of one to seven by
nine members of the Mathematics Education Department_at the University
of British Columbia. A score of one indicated no value as a measure
of understanding while a score of seven indicated a high value as a
measure of understanding. Any item which did not have a summed score of
27 or higher was removed from the test. One hundred one items remained

with 50 in subtest A and 51 in subtest B.
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The’understanding items were multiple choice, while the‘
computation and problem solving items called for constructed responsesf

Since these tests were first administered in November, it was
assumed that the fourth graders would approx1mate fourth ‘graders at
the beginnlng of the year, and the fifth graders would approximate
fourth graders at the end of the year. The percentage of fourth graders
who had an item dortect was compared with the percentage of fifth
graders who had the same item correct. This comparison gave an 1ndi—
cation as to which items were fourth grade 1tems in this text series.
A similar comparison was made between the fifth and sixth graders to
determine those items whlch seem to be fifth grade items in this text
series. A similar comparison was made between the sixth and seventh
graders to determine those items which seem to be iearned in the sixth
grade in this text series.

All administrations of these tests were in school districts
which used the Laidlaw series. | | |

Test C4 with 40 items was administered to 17 fourth graders and
16 fifth graders. The check to determine which items are fourth grade
items and the item analysis led to the removai of 14 items., Test C4
was also administered to 50 different fourth and fifth graders to
determine possible multiple choice distractors. The 26 items, as
multiple choice items, were used for the second giving of C4. These
items were administered to 26 fourth graders and 24 fifth graders.
Item analysis eliminated one item leaving test C&4 with>25 items. The
reliability of this test and all other tests is giyen in Table 6

on page 61.
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Test C5 was admlnistered to 14 fifth graders and 16 sixth graders.
The check to determlne whether or not the items are fifth grade items
and the item analysis led to the removal of 18 1tems. Test C5 was
also administered to 53 different fifth and‘sixth graders to determine
possible‘mnltipie>ch6iceedistractors. The’remaining‘26_items, as
multiplevchéiee‘questions, were used for the‘second gining of C5. This
form was admlnistered to 13 fifth graders and 25 sixth graders. Item
analysis eliminated one item leav1ng test C5 w1th 25 1tems.'
| Test C6 ‘with 54 items was administered to 15 s1xth graders and
12 seventh graders.' The check to determine whether or not the items are
sixth grade items and the item analysis removed 16 items. The 54 items
were also given to 52 other sixth and seventh graders to determine
nossible multiple choice distractors. The remaining 38 items, as
mnltiple choice questions, were used for the second administration.
This form was administered to eight sixth graders and 32 seventh graders.
Item analysis eliminated eight items leaving 30 items in test C6.
Test P4 with 20 items was administered to 13 fourth graders and
10 fifth graders. The check to determine whether qr not these problems
‘were feurth grade items and the item analysis eliminated five items. -
The 20 items were also administered to 50 different fourth and fifth
graders to determine possible multiple choice distractdrs. The
remaining 15 items, as multiple choice questions, were used for the
second administration. It was administered to 26 feurth graders and
24 fifth graders. Item analysis did not eliminate:any items leaving
15 items in test P4.
Test P5 with 20 items was administered to 13 fifth graders and

14 sixth graders. The check to determine whether or not these problems
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were fifth grade items and'the item:analysis caused the removal of five
items. The 20 items were also. administered to 53 d1fferent fifth and
sixth graders to determine possible multiple choice distractors. The
remaining 15 items, as multiple choice questions, were used for the
,'second administration. It was first separated into two subtests One
subtest of eight items‘was administered to 20 fifth graders and 24 sixth.
graders; The other subtest_of seven items:was administered te 18 fifth
.graders and 23 sixth graders..'Item analysis did not eliminate any items
1eaving 15 items in testiPs. | |

' Test P6 with 20 items was administered to 13 sixth graders and 10
seventh graders. The check to determine whether oY not these probiems
were sixth grade items and the item analysis did not remove any of the
items. The 20 items were also administered to 52 different sixth and
seventh graders to determine pos31ble multiple choice distractors.  The
20 items, as multiple choice questions, were used for the second adminis-
tration. They were first separated into two subtests. One subtest of 10
items was administered to 20 sixth graders and 31 seventh graders. The
.other subtest of 10 items wasAadministered to‘20 sixth graders and 32
seventh graders. Item analysis led to the removal of four items leaving
16 items in test P6.

Version A of the student test of understanding was administered
to 16 fourth graders, 37 fifth graders, 22 sixth graders, and 30
seventh graders. Version B of the student test of understanding was
administered.to 33 fourth graders, 25 fifth graders,‘33 sixth graders,
and 28 seventh graders. After a check to determine grade level and
the item analysis, a 65 item Fourth Grade Test of Understanding, an

89 item Fifth Grade Test of Understanding, and an 88 item Sixth Grade
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Test of Underétahding were constructedi Theée tests will hereafter be
referred to as_test U4, test U5, and test U6. Therévwere items which
were in all three tests of understandiﬁg.

The'secdhd'administratidn of test U4 was fd 22‘fourth graders
and 20 fifth'graderé. Item anaiysis gliminated 15 items leaving 50
itéms’in.fesf Uéé 'The.second aaministratién 6f'ﬁa1f.of.£eét Us waé to
20 fifth graders and 24 siith graders, and the other half to 18 fifth
g?aders aﬁd'23'sixth gra&érs.'»The'item analyéis remerdeEIitems leaving
test U5 wiE3155 items. For the seSAnd administréfion,“test Ué was
divided into twéZSubtésts‘ofz44 items each. One subtest was administered
to 20 si#th gfaders and 31 seyentﬁvgréders; .The othér_éubtest was
administered ‘to 20 sixth graders and 30 seventh graders. Item analysis
removed 24 items leaving 64 items in test U6. This completed the
second administration of -each of the nine tests.

The third administration had two purposes: to permit an additional
analysis of the items‘and‘to_éaiculate test—rétesf'reliability coefficients.
To facilitate administration, tests U4, P4, and C4 were combined as one
test booklet, T4. Tests U5, P5, and C5 were comﬂined as one test booklet,
T5. Tests UG, P6, and C6 were combined as one test booklet, T6.

The third édministration was before the Christmas vacation. It
was again admiﬁistered after the Christmas vacation. About one month
elapsed between the two administrations. Table 5 shows the number of
students participating in each administration.

Because of the differences in scores and number of items on each
part of the test, a standardized score was computed for each student on

the reduced set of items and the test-retest reliability coefficients
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Table 5

Number of Students Involved for Third%Administfation

T4 T - Te
Students © 4th  Sth S5th 6th  6th  7th

Involved 180 210 215 180 . 252 114
Answer éheeté réturnéd , o

before Christmas 169 193 ’ 201 172 237 114
Answer shgéts‘returned . ST :

after Christmas® - 165 196 203 170 . 238 -
Taking all the téété'on o . :

both givings 131 159 160 151 197 -
Taking Test U before

Christmas 163 186 196 171 228 105
Taking Test U after ' _ :

Christmas - : 159 192 196 169 233 -
Taking Test U on both ‘

givings 144, 170 176 160 210 -
Taking Test P before - _

Christmas 163 183 196 167 | 230 110
Taking Test P after

Christmas 160 193 201 166 230 -
Taking Test P on both , . ’

givings - 145 167 181 155 211 -
Taking Test C before -

Christmas 156 184 192 166 230 111
Taking Test C after

Christmas 162 195 196 166 228 ~—
Taking Test C on both

givings 141 170 173 154 208 -

%The seventh graders did not participate after Christmas.
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were cbmputed;. Table 6 shows the reliability of each of the tests and

the reliability of teét booklets T4, T5, and T6.

Table 6

Test-Retest Reliability Coefficients for
Each Test and T4, T5, and T6

|

~Test - -~ Grade R I ¢ T
T4 4th . .7677 .5695. .5763  .7966
~5th , .8679 - .8017 .8191 ~ .9280
4th & 5th .8581 . 7864 ;8176 .9215
T5 = 5th - .T7417 4485 .3265 . 6664
6th , .8073 .6661 .8145 . .8870
5th & 6th . 8089 L6466  .8004 .8795

T6 6th .8574 . 5461 .7365 .8350

To-fufther ensure that the tests actually.measure student growth
at.the given grade, the meéan scores for the intended gréde levels and
follo&ing grade levels were calculated for eéch of the nine tests. Table 7
shows the means at the intended gradé level and significantly higﬁer means
(at the 1 percent level) at the following.grade level for each éf the nine
tests.

Itémlanalysis reduced the number of items on‘each test as follows:

Test U4 removed 8 items leaving 42 items.

Test P4 removed 2 items leaving 13 items.

Test C4 removed 1 item leaving 24 items.

Test U5 removed 12 items leaving 43 items.

Test PS removed 2 items leaving 13 itgms..

Iest C5 removed 2 items leaving 23 items.

Test U6 removed 20 items leaving 44 items.
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Test P6 removed O items 1eavipg 16 items.f
Tesf.C6 removed 0 items leaviﬁg 30 items.
These reducgd versions of the tests Qere used as the‘student tests for
this.study; " The three tests for each grade levél_were placéd‘in one

booklet. They can be found in Appéndices C, D,Aand.E..'

. Table 7

Meaﬁ Student'Score on Each Test.

Test _ 4th 5th v 6th 7th
U4 15.29 ° 21.69 - -
P4 2.95 . 5.40 - - E -
C4 6.22 11.67 - -
U5 - 14.93 19.93 : -
P5 - 3.19 5.27 -
C5 - 4.39 " 9.56 : -
U6 - - 19.90 24.23
P6 - - 4.37 6.73

cé - - 9.41 14.33

Plan of The Study

‘During the spring of 1968, the appropriate édminisfrators of
Spokane, Washington, and Bremerton, Washington, granfed permission to
conduct the study in.their school districts. It was mutually decided
to éarry out the study during the 1968-1969 school year.

To maintain the anonymity of teachers, each school was numbered
and each teacher within the séﬁool was numbered. A six digit numeral was
given to each student. The first two digits represented the school, the
middie two digits represented the teacher, and the last twp digits repre-
sentéd the students. The researcher did not know-the names of the partici-
pating teachers and had no way of relating them to the data collected.

The distribution of material was handled internally by each school district.



63

Ninety-nine teéchers, 33 at each grade level, were randomly'

.selected to participate in the study. Table § showé the number of

teachersbcompleting all aspecté of the study. Table 9 shows the number

of students completing the study.

Table 8

Number of‘Teaéhefs Participating

Grade . 4 50 6

Totél'
.Spokahe:;‘ 14 ) 14 12 40
Bremerton ' 7 - ‘9 ' 5 "21
Total 21 23 17 61
Table 9
Number of Students Partiéipating-

Grade 4 ’ 5 6 Total
Spokane 321 365 403 1089
Bremerton 164 218 140 522
Total 485 583 543 1611

In September, 1968, the principals were given the details of the

study. In October, 1968, the principals administered the Teacher Test

of Understanding and the attitude inventory, Attitude Toward Contempo-

rary Mathematics.
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Bécéuse some researchers reported a'possible éffect on student
learning from a composité of teacher variébles; it was decided to
- obtain inforﬁation on ofher téécher variables:

1. Number of quarter hours taken in collegé'mathematics.

2. Nﬁmber bf-quarter hours of new mathematicé;»

3. AHéw long singe the last of these méthematics courées was
taken. | |

4, ﬁﬁmbef Bf-qaartef h6ufs of mathéma;iqs method courses.

5;‘vH6Q‘lohg Since.fhe last of tﬁese meéhod:éourses was taken.

6:' Numbef of quarter hours. of professional education courses.

7. Number of years of teaching e#periencé.

8. Number of years in present district.

9. Principal's rating of teachers.
The principal obtained all of this information, excepf his rating of the
teacher, by having each teacher complete a questionnaire (Appendix.F).
This information was also collected in 0ctober,'1968; On the first of
May, 1969, the princiﬁals were asked to rate their teachers (Appendix G),
This rating was concerned with the teacher's ability to teach mathe-

matics using a contemporary approach.

. Statistical Procedure

The relationships between teacher variables and student growth
were compared by multiple linear regression. The analysis was performed

at the computer center of the University of British Columbia using the
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ﬁBotward" véréion of 1inear_fegreésion anélysis. .This version was
originally presented by Robert A. Botfenberg and #oe H. Ward.9 

Mﬁltiple linear regressien Droducee R2 the pereentage of variance
in the. spec1f1ed criterion that is accounted for by the specifled predictor
variables. The specifled criteria in this study, the dependent variables,
are: |

1. Sfudeet growth in understanding.

2. ‘Studenf grewtﬁ ih problem solving.

3. Sthdent-gfoﬁth in computation?;

4. 'S;u&ent achievement.

The specified predietor variables, tﬁe‘indebendént vériables, areﬁ'

1. The raw score on the Teacher Test of Understanding.

2. The raw score on the attitude inventory, Attitude Toward

Contemporary Mathematics.

3. The categorization of the quarter hours of college mathe-
matics completed by each teacﬁer such that:
0 represents 0 quarter houré.
1 represents 1 to 7 quarter hours.
2 represents 7 to 13 quarter hours.
3 represents 13 to 19 quarter hours,
4 represents 19 or more quarter hours.
4. The categorization of the quarter hours of 'new' mathematics

completed by each teacher such that:

9R A. Bottenberg and J. H. Ward, Applied Multiple Linear
Regression, Clearinghouse for Federal Scientific and Technical Infor-
mation, United States Department of Commerce, Technical Documentary
Report PRL-TDR-63-6, March, 1963.
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0 represenfs 0 quarter hours.
l.representsll to 7 quarter hours.
2 represents 7 to 13 quarter hours.
3 represents 13 to 19 quarter hours.

4 represents 19 or more quarter hours.

The‘categorization of the number of years since the last

course was completed by each teacher such that:
O represents the past year.

1 represents 1 to 2 years.

. 2.represents 2 to 5 yearsf

6.

3 represents 5 to 10 years.
4 represents 10 or more years.

The categorization of the number of quarter hours of mathe-

matics methods courses completed by each teacher such that:

7.

0 represents 0 quarter hours.

1 represents.l to 4 quarter hours.

2 represents 4 to 9 quarter hours.

3 represents 9 to 13 quarter hours.

4 represents 13 or more quarter hours.

The categorization of the number of years'since the last

mathematics methods course was completed by each teacher such that:

0 represents the past year.

1 represents 1 to 2 years ago.
2 represents 2 to 5 years ago.
3lrepresents 5 to 10 years ago.

4 represents 10 or more years ago.



8. The categorization of the number of quarter hours of

professional education courses completed by each teacher such thaﬁﬁ

0

1.

2

3

represents 0 to 20 quarter hours.

represents :20 to 30 quarter hours.

represents 30 to 40 quarter hours.

represents 40 to' 50 quarter hours.

4 represents 50 or more quarter hours..

9. The eategdrization of the number of years'teaching experi-

ence by each teacher such that:

10.

ence within

0 represents 0 years of experience.

1

2

7

8

represents 1 year of experience.

represents 2 years of experience

represents

3

or 4 years of experience.

represents 5 or 6 years of experience.

represents

represents

2

7

to 10 years of experience..

10 to 15 years of experience.

represents 15 to 20 years of experience.

represents

20 or more years of experience.

The categorization of the number of years teaching experi-

the district by each teacher such that:

0

1

represents
represents
represents
represents
represents

represents

0

1

2

3

5

7

years of experience.

year of experience.

years of experience.

or 4 years of experience.
or 6 years of experience.

to 10 years of experience.

represents 10 to 15 years of experience.

67.
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7 represents 15 to 20 yearsvof experience.
8 represents 20 or more years of enperlence

ll.v The categorlzation of the knowledge of calculus. by each
teacher Such that:

0 represents‘no calculus completed in.college.
-l represents some calculus completed 1n college

lZ The rating of the teacher by h1s prlncipal on a scale from
one to seven, seven 1is superior, as to the ab111ty of the teacher in
general as.a teacher. |

| 13.: The'rating of the teacher by:hiS'principal on a scale from
one to.seVen,‘seven'is superior, as to the.ability-of the teacher-as
a mathematics teacher. |

14,  The rating of the teacher by his principal on a scale from
one.to seven, seven is superior, as‘to the amount of new mathematics
used by the teacher.

The F ratio comparing R2 from the full monel to R2 from the
restricted model is then calculated. The probability-that an F ratio
this large or larger occuring by chance alone is then determined. If
the probability value is less than 5 percent, then the hypothesis, no
relatlonshlp between varlables, will be rejected. ‘

The following hypotheses will be checked at the 5 percent level
of significance:

Hl. There is no significant relationship between selected
teacher variables and student growth in computation.

H2. There is no significant relationship'hetween selected

teacher variables and student growth in problem solving.
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H3. _There is no significant relationship Between selected
teacher variables and student growth in understanning. |

H4. There is no significant relationship between selected
teacher variebles and student gréwth in achievement:

| Many other nodele Will also be . checked for_significance. This

will.enanle the.researcher to determine such things as,‘"Do years ofv
teaching experience have an effect upon student growth in mathematics7"
Since none of ‘these models have been hypothe31zed, any indication of .

effect on learning must be considered subjects for future research.



Chapter 4
RESULTS

The first comparison of the teacher variabies w1th the student
variables used Pearson Correlation Coefflcients. Table 10 gives these
correlations. A correlation coefficient of 0.250 or‘larger is required
. for significance at the Slpercent 1evei{ Oniy.onelcotreiation; the
one comparing principal's‘rating of the teacher-as a.teacher and growth
in computation, is Significant.l These tesults‘seen to indicate;'
contrary to many earlier studies, that.the principal does have some
idea who his 'best teachers' are when 'best teachers' are determined
by student growth in arithmetic computation.

Multiple linear'regtession equations were then used to compare
the teacher variables with each of the student vatiables. The data
from Table 11 indicates the 14 teacher variables accounted for
approximately 21 percent of the variance in the dependent variable,
student growth in computation. When the related R2, 0.2117, is
compared with R2 from the restricted model, 0, an F~ratio of 0.9712
is computed. This is clearly nonsignificant.

The data from Table 11 also indicates that -the 14 teacher
Vafiahles accounted for approximately 21 percent of the variance in
the dependent variable, student growth in problem solving. The F-ratio
of 0.9671 is again clearly nonsignificant. Further, the data from
Table 11 indicates that the 14 teacher variables accounted for |
approximately 18 percent of the variance in the dependent variable, .

70



Correlation Coefficients Comparing Teacher

Table 10

Variables to Student Variables

71

Student

Student Student

: _ v Growth 1in Growth in Growth. in

Teacher Variables Understanding Problem Solving Computation
Score on test of o o :

understanding -0.0140 ©0.0672 -0.0764
Score on attitude . R :

inventory 0.0633 '0.0855 0.0346
Quaiter~houfé of college r

mathematics 0.0092. 0.2232 -0.1841
Quarter hours of new _

mathematics . 0.0280 0.0994 0.0988
Years since last mathe-

matics course -0.0495 -0.0087 -0.1136
Quarter hours of mathe- :

matics methods -0.0687 0.1307 0.1564
Years since last methods

course 0.0039 0.0752 -0.0178
Quarter hours of

professional education’ -0.0086 0.0488 -0.1091
Years of teaching

experience -0.1363 0.0532 -0.0425
Years of district

teaching experience -0.0164 0.0359 0.0456
Taken calculus 0.0317 0.1077 0.0207
Principal's rating as a

teacher 0.1932 0.2155 0.3041
Principal's rating as a

mathematics teacher -0.0406 0.1021 0.2046
Principal's rating as

the use of new mathe- ,

matics 0.0708 0.2286 0.2416
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. student grdwth.in underetanding. Again, a nonsignificant F-ratio

of 0.8099 was calculated. Lastly, Table 11 indicates the 14 teacher
variables accounted for epproximately 18 pereent of tne variance in
the denendent nariable, student achievement»in arithmetic. Again,

a'nonsignificent F-ratio of 0.7733 was calculated.

Table 11 .

‘R2‘Resu1ts When the Teacher Variables Are‘Compared
with Each of the Student Variables

2

_Student Variébles - : R F Probability
Growth in computation ‘ 0.2117 0.9712 . 0.4924
Growth in problem solving 0.2110 0.9671 0.4961
Growth in understanding 0.1830 0.8099 0.6471
Growth in achievement 0.1762 0.7733 0.7413

Since none of the four a priori nnli hypotheees were rejected,
it was decided to further.exemine the data by the technique commonly
called 'data snooping' for any possible nonlinear relationship which
might be used for further research. |

In this technique, each variable is partitioned into a set
of intervals, and each interval acts, at first, as an independent
variable in a regression equation. If any apparent statistically
eignificant relationship is indicated By this procedure, possible
nonlinear hypotheses relating the sequential intervals are tested.

Only one possible relafionship was found. When.the principals'
ratings as'teachers, as mathematics teachers, and as teachers of

modern mathematics are all dichotomized between four and five (on a
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seven point scale), andtthe number of years since the last.mathemarics
course was dichotomized-between one and two years, then a regressicn
equation using_the above‘menticned variables and the Teacher Test of
Understanding; the Teacher Attitude Inventory, number of‘querter hours
~of college'mathematics; the number of quarter‘hours of 'new mathematics,'
the quarter hours of methods courses, and the presence of a calculus course
in the teacher s background as 1ndependent varlables produced a possibly
significant - relationship (p = 2.21 percent) w1th the dependent varieble,
student problem solving. | |

Very little confidence may be placed in this result. In enough
'data snooping’ a significant correlation is almost bound to turn.up
sooner or later. No single correlation in this equation was high enough

to encourage further exploration.



~ Chapter 5
CONCLUSIONS

The review of the literature indicated that most researchers
who looked for teacher varlables which might relatevto teacher effective-
ness did not measure teacher varlables precisely They used quarter
hours of college mathematics and other such measures. Further, most_‘
researchers neither partitioned nor measured d1rectly student growth.
They used scores on standardised tests to infer achievement. Many
of these researchers used administrative ratings or other such
indirect measures to determine teacher effectiveness. Therefore,
this study, using a more precise definition of teacher effectiveness
and measuring some of the teacher‘variables directly,~attempted to
relate teacher effectiveness to teacher variables.

Two instruments were constructed to precisely measure teacher
variables. One was a test of mathematical understanding. The items
were related to mathematical concepts taught in grades four, five,
and six., The other was.an inventory to measure teacher attitude
toward contemporary mathematics as distinct from traditional mathe-
matics.

To measure student growth, three tests were constructed for
each grade. These were tests of understanding, tests of computation,
and tests of problem solving. The tests were carefully constructed and
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submltted .to item analyses in an attempt to -ensure grade discriminatlon,
content validity, and increased internal consistency.

Teacher effectiveness was determined by preFtesting and post-
testing the students. Studentsgrowth was detined as the difference'
between scores on the post-test and the pre test. Teacher effectiveness
was defined as the mean-gain of the students in her class.

Because other researchers reported on a variety of teacher
‘varlables, informatlon about 12 other commonly reported variables was"
obtained. These were quarter_hours of college mathematics, calculus,
quarter hours of new nathematics, when uas the last of these'mathe—
matics courses taken, quarter hours of mathematics methods courses,
when was the last of these methods courses taken, quarter hours of
professional education, years of teaching experience, years of experi-
ence in present district, principal's rating of the teacher as a
teacher, principal's rating ot the teacher as an arithmetic teacher,
and principal's rating of the teacher as a teacher of new mathematics.
The main purpose for obtaining information on these variables was to
determine whether or not teacher effectiveness as defined in this
study would yield significant‘relationships.

In an effort to determine whether or not any such relationships
existed, 1611 fourth, fifth, and sixth grade students and their 61
teachers were selected to participate. The teachers were randomly
selected from over 400 teachers in the Spokane, Washington, and
Bremerton, Washington, public schoois. These school districts were
chosen because they used the same arithmetic series and similar

syllabus, but they are in different geographic locations.
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Correlation coeffic1ents comparing the 14.teacher variables
with the three student variables were calculated Only one, that
comparing principals’ ratings of teachers as general teachers and.
student grOWth in computation, was significant. ThlS indicates that
if student growth in computation is carefully measured by specific
pre-test post—test procedures, then the principal s rating is
correlated to the effectiveness of the teacher. This result is contrary
to the findings reported in most earlier studles, but this is the
first data based on tests de51gned to measure growth in computation
at a specific level and for a specific text book and arithmetic pro-
gram. Therefore, if teacher effectiveness is precisely measured, the
principal's rating of the teacher seems to significantly correlate with
teacher effectiveness. |

Next, the following four null hypotheses were tested:

Hl. There is no significant relationship between selected

teacher

teacher

-teacher

teacher

regression.

variables and
H2. There is
variables and
H3. There is
variables and
H4. fhere is

variables and

student growth

no significant
student growth
no significant
student growth
no significant

student growth

in computation.

relationship betveen selected
in problem solving.
relationship between selected
in understanding.
relationship between selected

in achievement.

The above four hypotheses were tested by multiple linear

The F ratios comparing R2 from the full model to R2

from the restricted model were examined for significance at the

5 percent level of confidence.

No significant relationships were
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founa; These_iesdlté seem to4ihdicate that none éf'the i4 variables,
when taken individually or as.a'group, were related to student gfthh
in any of the.fhrée areas--understanding, probiem solving, and compu-
tation of arithmetic. | |

In this study,ievefy effort was made tQ’eiiminate thé
défiqiencies:pf previous studies. Yet thgif resﬁlts:are; in general,
qéﬁfirméd.v Even the &er& ﬁolérant sanqtions of 'dafa snooﬁingi : |
producéd.no additipnalArélafionships. On tﬁe Baéis of the above
results if Segms highly unlikély that any fdrthér.explorafion of.the
teacher characteristics as idenfified in tﬁis étudyIWOuid be warrénted.
'Héwevér, in any study which fails to yield signifiéant diffefences, there
is a possibility that such findings are a result of insensitivity of
the testing devices. It shouid be observed, though, that the teachers
for this study were professionally trained. It would be a gross over-
generalization to suppose that these results support the hypotheses
that this professional training did not influence subsequent behavior
in teaching, orithat professional training is ﬁnnecessary.

There‘remains the opinion of many éollege insiructors who
train future teachers that-there is a relationship between teacher
variables and teacher effectivéness. If this is in fact the case,
it seems that different independent variables must be identified or
other methods of measuring those in this study must be developed.

| Phillips,l in 1970, used a different approach in studying the

- teacher charaéteristic, teacher attitude. He found that the type

lR. B. Phillips, "Teacher Attitude as Related to Student

Attitude and Achievement in Elementary School Mathematics" (unpublished

Doctoral dissertation, University of Virginia, 1969). Dissertation
Abstracts, 30:4316-A, 4317-A, No. 10, 1969/70.
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of teacher attitudé encountered by the student foritﬁo and for thrée
of his pastvthrée years was significantly reiaféd to his present attitude
and to his achievement. This might indicaﬁe a compéundihg effect over
a period of years. Flora,2 in 1972, looked at classroom behavior as a
means to détefmine teacher effectiveness. He devéloped an instrumenf
to measure teacher classfoomlﬁehaﬁior. He found a'éignifiéaﬁt réla;ion_
éﬁip bé;wéen Eeéchér éfféctivenésé and teééﬁer:béhavibr.

,th&iesiéuch as the two reported above>iﬁdicat¢ fhat some
researchéré afe‘measuring'tgacher variables in a differént way or
~are considering difféfent‘teacher,variables. With the results of this
study in mind, it seems that variables such as thosé used by Phiilip33
and'Flora4 ﬁight be teacher variables which do relate to teacher

effectiveness.

2B. V. Flora, Jr., "Diagnosing Selected Behavior Characteristics

of Teachers of Secondary School Mathematics," Journal for Research in
Mathematics Education, 3:7-20, January, 1972.

3Philiips, loc. cit. 4Flora, loc. cit.
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Appendix A
UNDERSTANDING INVENTORY
Teacher Number

Follow1ng is a set of questions which you are to answer.

. Place your answer on the blank to the left of each question. You may
guess if you wish. Answer as many as you can in the 45 minute time
limit. You may begin.

1. The numeral §-can also be thought of as

—_— 4
A) 3 x4
B) 4x3
C) 3 =+ 4
D) 4 = 3

E) none of these

2. 1If 6 is a binary operation defined in S and if for all a, b in S,
a®b=506 a, then 6 is said to obey the:

A) associative law
B) commutative law
C) distributive law
D) identity property
E) none of these

3. 1If a, b, my n are whole numbers different from zero, then %-+ E-=
A) a+hb
m
B) a+b
n
a+b
2 m+ n
D) an + bm
m

E) none of these
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number i

92

the best reason for placing the decimal .52

What is
point after the 3 instead of some other place? 1.42
S - 1.32
. A) to keep the decimal p01nts in a straight 3.26
line
B) six decimal places in the problem divided
. by 3, the number of addends, equals 2
C) hundredths added to hundredths equals hundredths
D) because the answer must be larger than any addends

fractional number, if the denomlnator of the fractional
s decreased and the numerator is kept the same, then

the new number is:

N
B)
C)
D)
E)

larger than the old number

smaller than the -0ld number

approaching one

the same as the old number

unknown in relationship to the o0ld number from the
information given

Look at b + a where "a'" and 'b" are both whole numbers greater

than one.

A)
B)
C)
D)
E)

How does the answer . compare with "b"7

the answer is greater than b

the answer is smaller than b

can't tell until we see both whole numbers
can't tell until we see b ‘

can't tell until the division is done

The following statement shows a property of arithmetic

4 x (5
Which of

A)
B)
C) -
D)
E)

Look at
changed
the zero

A)
B)
C)
D)
E)

+6) = (4 x5)+ (4 x6)
the following shows the same property?

2x (3 x4)-= X
(6 x5) x7=6%x
(5 x6) + (3 x4)
8x6=(8x4)+
none of these

|
o

the problem 439 x 450. How would the answer be
if two zeros were placed to the right of 439 and
removed from 4507 The answer would be:

the same as the o0ld answer

one~tenth as large as the old answer

ten times larger than the old answer
one~hundredth as large as the old answer
none of these
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12.

13,
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Part of this addition problem was accidentally erased from the
chalkboard. Each "X" shows where a digit used to be. These
digits were not necessarily the same. What digit belongs on
the question mark?

A) 9 - o . XXXX1
B 7 ' -+ ?
c) 5. . | XXXXXX
D) 2 : : o

E) none of these

Here is a sequence whose first term is 12. From any term in
the sequence you can get the next term by add1ng 12:

12, 24, 36, 48, 60 . . . . . What is the 100th term of this
sequence? ' - - Co

A) 6000
B) 1212
C) 1200
D) 112

E) none of these
Which of the folloWiﬁg would give the correct answer to 2.1 x 21?

A) the sum of 2 x 21 and 1 x 21

B) the sum of 20 x 21 and .1 x 21
' C) ‘the sum of 10 x 2.1 and 20 x 2.1
D) the sum of 1 x 2.1 and 20 x 2.1
E) none of these

In the ‘example X7g2 you multiply bybthe 6, then by the 3. How

do the two results (partial products) compare?

A) the second represents a number one-half as large as
the first

B) the second represents a number twice as large as the
first :

C) the second represents a number five times as large as
the first ‘

D) the second represents a number ten times as large as
the first :

E) none of these

Given a fractional number, if the numerator of the fractional
number is decreased and the denominator is kept the same,
then the new number is:

A) 1larger than the old number

B) smaller than the old number

C) approaching one

D) the same as the old number

E) unknown in relationship to the old number from the
information given
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15.

16.

17.

18.

19.

9%

Given the example 368 x 24, then change 368 to,3680 and 24 to
2.4. The new answer would be:

A) the same as the answer for the origlnal example

B) one-tenth as large as the answer for the original example
C) ten times larger than the answer for the original example
D) one hundred times larger than the answer for the original
' “example '

E) none of these

For two sets M and N, the set of elements that are in both M
and N is called:

A) the union of M and N*
B) the intersection of M and N
C) the complement of M with respect to N
D) the cross product of M and N.
- E) none of these : :

Which of the following will give the same answer as 13 x 237

A) (10 x 20) + (3 x 3)

B) (10 x 20) + (10 x 3)
c) (13-x 20) + (3 x 3)

D) (13 x 20) + (13 x 3)
E) none of these

Thevnumber, '/E, is irrational. So also is:

K) V5 x Y5
B) /5 + /5
c) V5 -5
D). /5 2 /5

E) none of these

If * is an operation and it is replaced by +, then -, then x,
then ¢+, then (u * v) * w = u * (v * w) will be true exactly:

A) zero times when all four replacements are tried
B) one time when all four replacements are tried

C) two times when all four replacements are tried
D) three times when all four replacements are tried
E) none of these

If a binary operation "#" is defined on any pair of real
numbers "c¢" and "d" such that ¢ * d = 2¢c + d, then 3 * 4 1is
equal to: '

A) 11
B) 10
c) 12
D) 14

E) none of these
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20. If "r" is.the multiplicativeainverse of n, then

A) n+r=n
B) nxr=n
C) n+r=20
D) nxr=1

E) none of these

21. Which of the following numbers is smaller than 2.047?

A) 2.111
B) 2.048
C) 2.050
D) 2.1

E) none of these’

22. When working 12 x .5 we get 6 as an answer. The best reason
"for the answer being smaller than 12 is :

A) 12 is larger than .5

B) .5 is smaller than 12

C) we are finding how many halves in 12
D) we are finding half of 12

E) we are multiplying by a decimal

23. Peter is asked to bring 13 bushels of pofatoes from the barn
to the house.. He can carry 3 bushels in each trip. How
many trips will Peter make?

A) 4 trips
B) 4l-trips
3
C) 5 trips

D) can't be determined from the information given
E) none of these :

24, When we compare .60 and é—we find that .60 is

—_— 9

A) larger than %

B) smaller than'%
C) the same size as g— |
D) unknown in size to g-

25. If every element of a set M is an element of a set N, then M is:

A) a subset of N

B) a proper subset of N
C) equivalent to N

D) an element of N

E) none of these
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When both the numerator and &enominator of a fractlon are

is:

divided by the same number, then the value of the new fraction

A) greater than the value of the old fraction

B) less than the value of the old fraction

C) .the same as the value of the old fraction

D) unknown until the number used to divide is known

E) unknown until the fraction is known

In a division problem the quotient is the same as the

div1dend when..

A) the divisor is less than one

B) the divisor. is ‘less than one but greater than zero

C) the divisor is a factor of the dividend

D) the divisor.is greater than one
E) none of. these

Twenty-three acres of a 55 acre farm is used to

raise corn.

The part of the farm uSed to.raise corn is slightly more than:

8 3
I
o 3

D) 3

E) none of these:

What is the best reason for placing-the decimal
the 6 instead of some place else?

A) counting all decimal places you
get three

B) the rule for multiplying decimals
tells us to put it there

C) tenths times hundredths equals
thousandths

D) since .5 equals .500, this keeps the
decimal points in a straight line

point before

Look at b ¢ a where "a" and "b'" are both proper fractions. How

does the answer compare with "b"?

A) the answer 1is larger than b

B) the answer is smaller than b

C) can;t tell until I see the numbers
D) the answer is the same as b

E) can't tell until it is worked
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The best way to explain why moving the decimal point does not
change the answer in the example :

.5)35.55 or . 5
. A) when dividi

B)

C)
D)

E)

A)
B)
C)
D)
E)

decimal in
"number of p
there is no
moving the
the rule fo

)355 5 - is

ng by a -decimal number you move the
the divisor and the dividend the same
laces

way to divide by a decimal without
decimal point ‘
r dividing decimal numbers tells us to

move the decimal point the same number of places

in the divi
moving the
the numerat

sor and the dividend
decimal point is the same as multiplying
or and denominator of a fraction by the

'same number

it is easie

r to divide by a whole number than a

decimal number

‘Look at u x v where
How does

the answer

the answer
the answer
the answer
can't tell
can't tell

"u" and "v" are both proper fractionms.

compare with "u"?.

is larger than u

is smaller than u

is equal to u.

until we see the fractions
until we do the arithmetic

If a relation "R" defined in a set "S" has the property that

for all
is said

A)
B)
0)
D)
E)

Part of

A)
B)
C)
D)
E)

a, b, ¢, and

to be:

commutative
reflexive

associative
transitive
none of the

S, if aRb and b R ¢, then a R ¢, it

se

this subtraction problem was accidentally erased from
the chalkboard. Eac
What digit belongs on the blank?

~NoN= O

none of the

h "X" shows where a digit used to be.

XX _6
-XX77
XX9X

se



35.

36.

37.

38.

39;

98

A rational number expressed as a decimal fraction will never

be:

A)
. B)
C)
D)

infinlte and have a repeating decimal expansion -
infinite and have a nonrepeating decimal expansion
a terminating decimal expansion

none of these

Considering each of the follow1ng as a separate problem, the
problem in which the lowest common denomlnator will be one
of the denominators is: -

)

B)

o)

5

=

Lededt
%+%f%ﬂ
It
11,5

none of these -

The value of the 4 in relation to the 2 in the number 4032 is:

A)
B)
c)
D)
E)

If 6 1is

1000 times as large
2 times as large
500 times as large
2000 times as large
none of these

a binary operation defined in S and if for all a, b, ¢

in S, (a6b) 6c=a6 (b6 c), then 8 is said to obey the:

A)
B)
C)
D)
E)

associative law
commutative law
distributive law
identity property
none of these

When a natural number is divided by a proper. fraction how does
the answer compare with the natural number?

A)
B)
s
D)

E)

the answer is larger than the natural number

the answer is smaller than the natural number

the answer is equal to the natural number

can't tell until we see the natural number and the
proper fraction '

can't tell until we do the arithmetic
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ig-% 1 equals which of the folloWihg?

a
B)
)
D)

E)

If r + s

A)

B)
)
D)

E)

Bl win ovjw

4r +
4br +
br +
br +
none

of these

-then which of the following is also corréct?

4s = 8t

4s = 4t

s = 5t
bs=txtxtxt
of these.

When a natural number is multiplied by a proper fraction, how
does the answer compare with the natural number?

A)
B)
9]
E)

the a
the a
can't

nswer is greater than the natural number
nswer is smaller than the natural number
tell until we see the numbers

the answer is the same as the natural number

can't

tell until it is worked

If "p" is the additive inverse of "q", then:

A)
B)
C)
D)
E)
If a, b,
A)
B)
C)
D)

E)

P+

P xXgq
p+0
none

m, n

ab
mn
mn
ab
bm
an
an
bm

none

p+q-=
q

1
0
1
q
of t

hese

' . : a .,
are whole numbers different than zero, then P

of these

5 |o



45.

46.

47.

49.

48.

100

Which of the follow1ng also stands for 42757

A
B)
9)
D)
E)

42 hundreds + 75 tens

427 tens + 5 ones

4 thousands + 27 hundreds + 5 tens
4 thousands + 2 hundreds + 75 tens
none of these

Given the éxample_6.5)84.5 , then change 6.5 to .65 and
84.5 to 845. The new answer would be: - .

A)
B)

¢)
D)

E)

the same as the answer for the original example
one~tenth as large as the answer for the original
example :

ten times larger than the answer for the original
example _

one hundred times larger than the answer for the
original example

none of these

5.5 1is equal to:

A) five and 50 tenths

B) five and 50 hundredths

C) five and 5 hundredths

D) five and 50 units

E) none of these
6 x7x 8= (6 x7) x 8 shows a property of arithmetic. Which
of the following shows the same property? :

A) 6x7x8=6x(8x17

B) 6 x7x8=8x(6x17)

C) 6x7x8=(7x6)x8

D) 6x7x8=26zx%x(7x 8)

E) none of these

If 6 is a binary operation in the system of whole numbers W
and if a 6 0 =06 a = a for all "a" in W, then this is an
example of the:

A)
B)
)
D)

E)

associative law
distributive law
commutative law
identity property
none of these
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If a +b = c, and "d" is any number, then which of the
following is always true?

A) a+b+d=c-4d

B) . b+d=c- (a+d)

C) dx(a+b)=4d+c

D) dxc=(dxa)+ (dxb)

E) none of these

If f + g > h, which statement is. ALWAYS true for all real
numbers f, g, and h?

A) 3£+ 3g > 30

- ' . 5.5
B ErgEeah
C) %f + g <h

D) g>h

:AE) none of these"

If the quotient when dividing 6.7 by .04 is the same as

dividing "n" by 4.0, then '"n" is:
A) 6700
. B) 670.0
.C) .67
D) .067

E) none of these

Con51der1ng each of the following as separate problems, the
problem in which the lowest common denomlnator will be the

~ product of denominators is:

A) %—+—Z—'+%—
B) %+%+%'
c) %+%+£
m Lilsl

E) none of these

If 6 and ¢ are binary operations defined on a set S and if
for all a, b, cin S, a6 (b ¢c) = (a6 Db) ¢ (2 8 c), then
we say :

A) the associative law holds in S
B) the commutative law holds in S
C) the distributive law holds in S
D) the identity property .holds in S
E) none of these
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Which fraetional number_is between 2 and 3?

n 3
B) % |
s
D) —1%

E) none»of these e

"n' in the problem 7 $.n = .007 is.

WA) 1000
By .01
C) 100
D) .001
E) . none of these

Given the problem Z Zg how would the answer be changed if the

zero were remOved from 23. 907 The new answer would be:

A) the same as the 0ld answer

B) one-tenth as large as the old answer

C) ten times larger than ‘the old answer

D) larger than the old answer because there would be
fewer decimal places

E) unknown until we do the multipllcation

If you can add every number in a set of numbers to itself or
to every othéer number in the set, and.the sum is a number also
in that set, then that set of numbers is closed under the
operation of addition. Which of the following sets is NOT
closed under the operation of addition?

A 0, 1,2, 3, by vouuu..

B) 1, 2, 3, b4y 5, vevenn.

C) 0, 2, by, 6, 8, vuuuu..

D) 1, 3,5,7,9, ..
e

E) none of thes

Part of this multiplication problem was accidentally erased
from the chalkboard. Each "X" shows where a digit used to be.
These digits were not necessarily the same. What digit belongs
on the question mark?

A) O XXX?
B) 2 XX
C) &4 XXXX
D) 5 XXX5

E) 7 XXXX0
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60. An;irrational-numbey.ekpréssed as a deciﬁal fréction will

always be:

A)
B)
C)
D)

infinite and have a repeating decimal expansion
infinite and have a nonrepeating decimal expansion
a terminating decimal expansion

none of these



Appendix B

AN INVENTORY TO MEASURE TEACHER'S ATTITUDE
TOWARD CONTEMPORARY AS OPPOSED TO TRADITIONAL MATHEMATICS

First Version

Following is a hultiple choice in#entory.

Complete each statement so that your choice best: reflects your
beliefs, opinions, and practices. :

If you do not know the meaning of some word in a statement,
use "D" as your choice. , ‘ »

- Place your answer on the blank to the left of each statement.

Thank you for your cooperation.

1) New mathematics is

A) a success and here to stay :
B) an educational fad which will pass on

2) Students

A) dislike arithmetic because it is a dry subject
B) 1like arithmetic because it is full of new ideas

3) 1In the teaching of arithmetic
A) we should stress that equal values may have different
forms, in other words 3 =2 + 1 =1+ 1+ 1.
B) it is not necessary to stress that equal values may

have different forms

4) There is considerable discussion as to whether fractions
should be written as %-or as 2/3. This is an

A) unimportant distincfion
B) important distinction .

5) When teaching multiplication by the number one it

A) should be emphasized as a special property
B) need not be emphasized :

104
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7)

9

_10)

11)

12)

13)

8)

14)
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When I teach arithmetic I do so bedause

A I must teach it as part of the. curriculum
B) I enjoy watching students learning arithmetic

When learning arithmetic it is best to

A) discover those things we should learn
B) be told those things we should learn

In a new mathematics program memorlzation of the arithmetic
facts is - :

A) not as important as in the old programs
'B) just as important as in the old programs

When teaching addition and subtraction, it is best to teach
them. as : :

A) 1inverse operations
B) separate operations

Students

A) dislike-arithmetic because of the repetitious
homework

B) 1like arithmetic because of the opportunity to think
things out

All operations of arithmetic are defined operations,

A) therefore it is not necessary to have understandings
attached to them - '

B) but it is still important to have understandings
attached to them

Tables such as the multiplication tables
A) are not important in new mathematics because they
stress memorization
B) are important in new mathematics because they assist

in understanding number relationships

Considering the world we live in, students should spend more
time

A) studying mathematics
B) studying such things as art and music

Non-positional numeration systems such as the Roman System are

A) unimportant in arithmetic today
B) important in arithmetic today
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.When teaching arithmetlc, the difference between number and

numeral is

A) unimportant and should not be stressed
B) important and should be stressed .

In new mathematics checking an answer is’

A) important because it helpe lead to better understandings
B) unimportant because the child has the understandings
before he does ‘the work

The associative property of addition is

A) necessary to understand addltion of three or more
, numbers =
B) unnecessary to understand addition of three or more
numbers

'Tables,sueh'as'the:multrplicationxtables"

A) are not important in new mathematics
B) are important in new mathematics

When.I.teach arithmetic I

A) enjoy the teaching
B) ‘dislike the teachlng

Most -of the arithmetic taught is
A) of practical use
B) designed to build background for future study in
mathematics

The ability to calculate is

A) less necessary in the new mathematics
B) just as important as ever

Work in bases different from ten

A) should be performed with most students
B) should not be performed with most students

In new mathematics it is

A) just as important as before that students calculate
rapidly

B) not as important as before that students calculate
rapidly
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25) Words such as. commutative, associative, and distributive

'26)
27)
28)
29)
30)

31)

32)
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Student.understanding‘of‘arithmetic~ist
A) 1less necessary today becanseuof.the many machines

that do. our calculating =
. B) more necessary today because of scientific advancements

A) are important words in mathematics and'by the end of
: the third grade, most children. should know the words
B) represent important ideas in mathematics and by the
end of the third grade, most children should understand
these ideas—-the words are not important
High school algebra is

. A) - a prestige course o
" 'B) a course most students should and can take

In arithmetic the teacher should teach the student to

A) do the work and understand it by practicing
B) understand what he is doing

Set theory
A) fundamentals should be studied with arithmetic
B) is a separate branch of mathematics and, therefore, -
has little effect on learning arithmetic.

From my experiences I

A) 1like new mathematics best
B) 1like old mathematics best

Computational shortcuts in arithmetic are

A) not as important as in the past
B) just as important as in the past

New mathematics is better for

A) all students _
B) college bound students only

Understandings in arithmetic should be stressed with
A) the college capable student only--the slow learner

has to memorize anyway
. B) all students
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‘When solving story problems there

A) 1s one best way to do the problem and the teacher
should stress this way

B) are many ways to do any problem and the teacher should
accept any logically correct method

New mathematics will train the student to

A) ask why
B) accept what he is told

The number line
A) 1is for use in ﬁnderstanding algebra and need not be
.used before grade seven
B) can be used to help understand addition of whole
numbers ' ‘ '
Arithmetic should be taught as a
A) set of rules for the students to follow
B) step by step process where one step builds upon the

other

When teaching division of whole numbers, it is best to use

A) 234 B)
56)13104 © 56)13104 .
112 11200 200
190 1904
168 1680 30
224 224 ’
224 224

4
234

For learning and understanding the multiplication algorithm,
the understanding of the distributive property is

A) quite important
B) relatively unimportant

New mathematics
A) shows the student the structure of arithmetic
B) has the student memorize certain definitions and then
asks the student to use these memorized definitions

In arithmetic zero is a

A) number as is one, two, three, etc.
B) placeholder
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When teaching the addition facts

A) the commutative property is presented so students
know a + b = b + a

B) it is not necessary to stress the commutative property
because the idea is simple enough for the students to
realize a + b =b + a

Realizing there is more than one way to subtract, it is best to
A) teach the student all ways
B) teach the student only one way so he will not become

confused

When introducing division of fractions; it is best to use

: 1.1_1 3_3

A 7F3=5x1=3
1.1_3, 4_3:% 4_3+4_ .. ,_ 3

B o 3" R o Tz 1 =3*%4=73

For learning and understanding the multiplication algorithm,

the knowledge of place value is

A) quite important
B) relatively unimportant

When introducing addition of two digit whole numbers, it is
best to use :

13
+ 3
18

B) 13+5=(0+3)+5=10+ (3 +5) =10+ 8 =18

A)

For learning and understanding the multiplication algorithm,
the associative property of multiplication is

A) quite important
B) relatively unimportant

Arithmetic

A) 1is seldom boring to the student
B) wusually boring to the student

When teaching multiplication and division, it is best to
teach them as

A) 1inverse operations
B) separate operations
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49) For learning and‘understanding.the multiplication algorithm

A) the distributive property is mostlimpbrtant
B) knowledge of place value is most important



-
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Second Version

Following is a multiple choice iﬁventory.

Complete each statement so that your choice best reflects your

beliefs, opinions, and practices.

——t

2)

3)

4)

5)

6)

- 7)

1)

If you do not know the meaning of some word in a statement,

. use "D" as your choilce. .

Place your answer on the blank to the left of each statement.

Thank you for your cooperation.

New mathematics is
A) a success and here to stay :
B) an educational fad which, as many have in the past,
will pass on
Students

A) dislike arithmetic because it is a dry subject
B) 1like arithmetic because it is full of new ideas

There is considerablezdiscussion as to whether fractions
should be written as 7 or as 2/3. This is an

A) unimportant distinction
B) important distinction

When teaching multiplication by the number one it

A) should be emphasized as a special property
B) need not be emphasized

When I teach arithmetic I do so because

A) I must teach it as part of the curriculum
B) I enjoy watching students learning arithmetic

In a new mathematics program early rote memorization of the
arithmetic facts is

A) not as important as in the old programs
B) just as important as in the old programs

When teaching subtraction, it is better to teach it as

A) the inverse operation of addition
B) a separate operation
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Students -

A) dislike arithmetic because of the repetitious

" homework . :
B) 1like arithmetic because of the opportunity to think
o things out

.Tables such as the multiplication tables

A) are not important in new mathematics because they
stress memorization :

-B) are important in new mathematics. because they assist

‘ in understanding numbet relationshlps '

Considering the world we live in, elementary students should

- spend more ‘time studying

A) mathematics ,
B) suchlthings as art.and;music

Non-positional numeration systems such as the Roman System are

A) unimportant in new mathematics
B) dimportant in new mathematics

When teaching arithmetic, the difference between number and
numeral is
A). unimportant and should not be stressed
' B) important and should be stressed

In new mathematics proving an answer correct is

A) as important as in old mathematics
B) unimportant

The associative property of addition is

A) necessary to understand column addition
B) unnecessary to understand column addition

When I teach arithmetic I

A) enjoy the teaching
B) dislike the teaching

Most of the arithmetic taught by elementary teachers should
be designed

A) for applications in practical life
B) to build background for future study in mathematics
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19)

21)

22)

23)

24)

113
The abiliry to.CaiEulate with large'numbers“is‘:

A) less necessary in new mathematics
.B) just as important as ever

Work in bases different from ten should .

A) be performed with most students
B) not be performed with most students

In light of the philosophy of new mathematics, calculating with
great speed is.

-A) Jjust as important as before
B) not as important as before

Stuqent;understanding of arithmetic-is

A)  less necessary today because calculating machines
are used to.do the difficult calculations
B) more necessary today

Words such as commutative, associative,. and distributive

A) are important words in mathematics and by the end of
the third grade, most children should know these words

B) represent important ideas in mathematics and by the

- end of the third grade, most children should understand
these ideas-—the words are not important

Ninth grade algebra is a

A) prestige course
B) course most students should and can take

In teaching arithmetic the teacher should teach so that the
student

A) learns to do. the work and then understands it as he
practices or applies it
B) understands what he is doing

Set theory

A) should be studied with the early introduction of
arithmetic

B) 1is a separate branch of arithmetic and, therefore,
should not be studied with the early introduction
of arithmetic
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Because of my experiences, I 1ike

A) new mathematics better 4
B) old mathematics better -

The teaching of computatlonal shortcuts in arithmetic is
A) not as important in new mathematlcs as in old
_ mathematics - ‘
B) just as important in new mathematlcs as in old
mathematics.

Newﬂmathematics is.better'for"

. A) all students :
B) college bound students only

New mathematics will help train the students to

A) ask why things are-happening.in the world today
B) accept the things that are happening in the world
today

The number line is for use in understanding

A) negative numbers in algebra and mathematics beyond

' algebra

B) arithmetic as well as algebra and mathematics beyond
algebra

When teaching division of whole numbers, the algorithm I
would use is

A) 234 B)

56)13104  56)13104
112 11200 200

190 1904
168 : 1680 30

224 224

224 224 _ 4
- 234

For learning and understanding the multiplication algorithm,
the understanding of the distributive property is

A) quite important
B) relatively unimportant

In arithmetic zero is a

A) number as is one, two, three, etc.
B) placeholder
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When teaching the-addition'facts

A) the commutative idea. should be stressed
B) it is not necessary to stress the commutative idea
at such an elementary 1evel

Realizing there is more than one algorithm for subtraction, it
is best to .

A) teach the student several algorithms and let him
choose the one he wishes to use
B) teach the student only one algorithm so he will not
‘ become confused

When introducing division of fractions, the algorithm I would
use 1is

1.1_.1 3_3
A 73 AT T L
1.1_3.,4_ 3% 4 34 _,.,_3
B % 3 1212 12 :12 1 3rbd=7

For learning and understanding the multiplication algorithm,
knowledge of place value is

A) quite important
B) relatively unimportant

When introducing addition of two digit whole numbers, the
algorithm I would use is :

13
A) +5.
18
B) 134+5=(10+3)+5=10+ (3 +5) =10+ 8 = 18

For learning and understanding the multiplication algorlthm,
the associative property of multiplication is

A) quite important
B) relatively unimportant

Arithmetic

A) 1is seldom boring to the student -
B) wusually boring to the student

When teaching division, it is better to teach it as

A) the inverse operation of multiplication
B) a separate Operation
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Third Version

The following is an inventory to determine certain teacher
attitudes toward elementary school arithmetic. Each statement has
two possible completions. <Complete the statements so that your choices

best reflect your beliefs, opinions, and practices. Place your answer
on the blank to the left of each statement.

If you do not know the meaning of some word in a statement, use
"D" as your choice.

Thank you.for your cooperation.

1) New mathematics is
A) a success and here to stay
B) an educational fad which, as many have in the past,
will pass on

2) Students

A) dislike arithmetic because it is a dry subject
B) 1like arithmetic because it is full of new ideas

3) 1In a new mathematics program eariy rote memorization of the
arithmetic facts is

A) not as important as in the old programs
B) Jjust as important as in the old programs

4) When teaching subtraction, it is better to teach it as

A) the inverse operation of addition
B) a separate operation '

5) Students
A) dislike arithmetic because of the repetitious
homework
B) 1like arithmetic because of the opportunity to
think things out
6) Teaching multiplication by the number one

A) 1is a special property and should be emphasized
B) 1is easy and need not be emphasized
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Considerlng the world we live in, elementary students should
spend more time studying .

~A) mathematics -
B) - such things as art and music

Non-positional numeration systems such as theARoman System are

A) unimportant in new mathematics
_B) important in new mathematics

When teaching arithmetic, the difference between number and

~numera1 is.

- A) unimportant and should not be .stressed
‘B) important and should be stressed o

The asSociative property of'addition is

A). necessary to understand column addition
B) unnecessary to understand column addition

The majority of the arithmetic taught by elementary teachers
should be designed ‘

~A) for applications in practical life
B) to build background for future study in mathematics

The ability to calculate'withllarge numbers is

A) less necessary in new mathematics
B) just as important as. ever

Work in bases different from ten should

A) be performed by most students
B) not be performed by most students

In light of the philosophy of new mathematics, calculating
Wlth great speed is

A) Just as important as before
" B) not as important as before

Student understanding of arithmetic is

A) less necessary today because calculating machines are
used to do the difficult calculations
B) more necessary today

1
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Words such as commutative,'aSsociative, and distributive

'A) are important words in mathematics and by the end
of the second grade, most children should know -
these words

B) represent important ideas in mathematics and by the
end of the second grade, most children should know
these ideas--the words are not important

.Students

A) should always obtain understandings before skills
B) sometimes nieed skills before understanding ‘

Set theory

A) should be studied with the introduction of arithmetic
- 1in grade one
B) 1is a separate. branch of arithmetic and, therefore,
should not be studied with the early introduction of
arithmetic

Because of my experiences, I like

A) new mathematics better
B) o0l1ld mathematics better

The teaching of computational shortcuts in arithmetic is
A) not as important in new mathematics as in old
mathematics
B) just as important in new mathematics as in old
mathematics

New mathematics is better for

A) most students
B) more able students

- The number line is for use in understanding

A) negative numbers in algebra and mathematics beyond
algebra
B) grade one arithmetic as well as higher mathematics
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'23) When teaching div1sion of whole numbers, the algorithm
I Would use is .

A) 234 - B .
- 56)I3104 . - 56)13104

12 - 11200 200

% - 71904 |
168 _ 1680 30

224 224

224 - 224 _ 4
] SR T 34

24) For learnlng and understanding the multiplicatlon algorithm,
the understanding of the distributive prOperty is -

A) quite 1mportant
'~ B) relatively unimportant

‘25) In arithmetic zero is a

A) number as is one; two, three, etc.
B) placeholder

26) When teaching the addition facts

A) the commutative idea should be stressed
B) it is not necessary to stress the commutatlve idea
~at such an elementary level

27) Realizing there is more than one algorithm for subtractlon,
it is best to

A) teach the student several algorlthms ‘and let him
choose the one he wishes to use :

B) teach the student only one algorithm so he will not
become confused

28) When introducing division of fractions, the .algorithm I would

use 1is
1,1 _1_3 3
A TIP3 xTG
1.1_3.,4_ 3% &4 3*4_ s 4 =3
2 T T il v v 1 =3Fh=7

29) For learning and understanding the multipllcatlon algorithm,
knowledge of place value is

A) quite important
B) relatively unimportant
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30) When introducing addition of two digit whole numbers, the
- algorithm I would'use is

13
Mo
18 |
B). 13+ 5= (20 +3)+5=10+ (3 & 5) 0+ 8 =18

31)"For learning and understanding the multiplicatlon algorithm,
the associative property of multiplication is

A) quite important
B) relatively unimportant

32) Aritnmetic is usually

A) enjoyable to students
B) unenjoyable to students

33) When teaching division, it is better to teach it as

A) the inverse operation of multiplication
B) a separate operation

How do you feel about new mathematics? Let 11 be highly favorablevand
. 1 be highly unfavorable toward new mathematics. Give yourself a score
from 1 to 11 depending upon your own opinion of yourself.
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Fourth Version

‘The following is -an inventory'to determine certain teacher
attitudes toward elementary school arithmetic. Each statement has two
possible completions. Complete -the statements so -that your choices

best reflect your beliefs, opinions, and practices. Place your answer
on the blank to the left of each statement.

. If you do not know the meaning of some word in a statement,
use "D" as your choice.

Thank you for your cooperation.

————————

.l) New mathematics is .
A) a success and here to stay
B) an educational fad which, as many have in the past,
will pass on ‘

2) In a new mathematics program early rote memorization of the
arithmetic facts is

A) not as important as in the old programs
B) just as important as in the old programs

3) Students
A) dislike arithmetic because of the repetitious
. homework _ '
B) 1like arithmetic because of the opportunity to think
things out ' .
4) Teaching multiplication by the number one

A) 1is a special property and should be emphasized
B) 1is easy and need not be emphasized:

5) Non-positional numeration systems such as the Roman System are

A) unimportant in new mathematics
‘B) important in new mathematics

6) When teaching arithmetic, the difference Between number and
numeral is

A) unimportant and should not be stressed
B) dimportant and should be stressed
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7) The associative:prOpertyﬁof addition is

A) necessary to understand. column addition
B) unnecessary<to'understand column addition

~8) The majority of the arithmetic taught by elementary teachers
should be Hesigned : .

A) for applications in practical life
,B)' to build background for future study in mathematics

9) Work in bases different from ten should

A) be performed by most students
B) not be. performed by most students

10) 1In light of the philosophy of new mathematics, ‘calculating
with great speed is ' .

A)  just as‘important_as before,
B) not as important as before

11) Student understanding of arithmetic is

A) less necessary today because calculating machines are
used to do the difficult calculations
B) more necessary today

12) Students

A) should alwaﬁs obtain understandings before skills
B) sometimes need skills before understanding

'13) Set theory

A) should be studied with the introduction of arithmetic
in grade one :

B) _is a separate branch of arithmetic and, therfore,
should not be studied with the early introduction of
arithmetic

14) Because of my experiences, I like

A) new mathematics better
B) o0ld mathematics better

15) The teaching of computational shortcuts in arithmetic is

A) not as important in new mathematics as in old
mathematics

B) just as important in new mathematics as in old
mathematics
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New mathematicsyis better for

A) most students
B) more able students

Students

A) dislike arithmetic because it is-a dry subject

B) 1like arithmetic because it is full of new ideas
For learning and understanding the multiplication algorithm,
the understanding of the distributive property is

A) quite important
B) relatively. unimportant

In arithmetic zero is a‘

A) number as is one, two, three, etc.
B) placeholder ‘

When teaching the addition facts
A) the commutative idea should be stressed
B) 1t is not necessary to stress the commutative idea

at such an elementary level

When introducing d1v151on of fractions, the algorithm I would
use is

1.1_1 3_3
A 7T3TE*T1CG

1,1_ .3, 4_ 3% 4_3%4_..,_3
B) '3 "' T - 1T -3%4=7

When introducing addition of two digit whole numbers, the
algorithm I would use 1is

13
it}
18

A)

B) 13+5=(0+3)+5=10+(3+5) =10+ 8 =18

For learning and understanding the multiplication algorithm,
the associative property of multiplication is

A) quite important
B) relatively unimportant

Arithmetic is usually

A) enjoyable to students
B) unenjoyable to students
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‘25) When'teaching division, it is better to teach it as

A) the inverse operation of multiplication
B) a separate operation <
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Final Version

: The following is an inventory to determine certain.teacher
attitudes toward elementary school arithmetic. Each statement has

two possible completions. Complete the statements so that your choices
best reflect your beliefs, opinicns, and practices. Place your answer
on the blank to the left of each statement.

If you do not know the meanin Of some word in a statement,
g
use "D" as your choice.

Thank you for your cooperation.

1 New mathematics is

.A) a success and here to stay

B) an educational fad which, as many have in the past,
will pass on

2) In a new mathematics program early rote memorization of the
arithmetic facts 1is

A) .not as important as in the old programs
B) just as important as in the old programs

3) Students
A) dislike arithmetic because of the repetitious
homework
B) 1like arithmetic because of the opportunity to think
things out
4) Teaching multiplication by the number one

A) 1is a special property and should be emphasized
B) 1is easy and need not be emphasized

5) When teaching arithmetic, the difference between number and
numeral is

A) unimportant and should not be stressed
B) important and should be stressed

6) The associative property of addition is

A) necessary to understand column éddition
B) wunnecessary to understand column addition
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Work in bases different from ten should

A) be performed by most students
B) not be performed by most students

In light of the philosophy of new mathematics, calculating
with great speed is

A) Jjust as important as before
B) not as important as before

Stndent understanding of arithmetic is
A) less necessary today because calculating machines are
used to do the difficult calculations
. B) more necessary today
Students
A) should always obtain understandings before SklllS
B) sometimes need skills before understanding

Set theory

A)  should be studied with the introduction of arithmetic
in grade one

B) 1is a separate branch of arithmetic and therefore,
should not be studied with the early introduction of
arithmetic

Because of my experiences, I like

A) new mathematics better
B) old mathematics better

The teaching of computational shortcuts in arithmetic is
A) not as important in new mathematics as in old
mathematics
B) just as important in new mathematics as in old
mathematics

New mathematics is better for

A) most students
B) more able students

Students

A) dislike arithmetic because it is a dry subject
B) 1like arithmetic because it is full of new ideas
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16) For learning and understanding the multiplication algorithm,
the understanding of the distributive property is

A) quite important
B) relatively unimportant

17) When teaching the addition facts
A) the commutative idea should be stressed
B) ‘it is not necessary to stress the commutative idea

at such an elementary level

18) When introducing division of fractions, the algorlthm I would

'use is
y 1 .1_1.3_3
A 7 3=73%1°7 |
1.1_3.,.4_ 3% 4_ 334 .., _ 3
B) 3T T T ez 1 T 3rh=1

19)‘ When introducing addition of two digit whole numbers, the
" algorithm T would use is

13
+ 5

18

A)

B) 13+5=(10+3)+5=10+ (3+5) =10+ 8 = 18

20) For learning and understanding the multiplication algorithm,
the associative property of multiplication is

A) quite important
B). relatively unimportant

21) Arithmetic is usually

A) enjoyable to students
B) unenjoyable to students

22) When teaching division, it is better to teach it as

A) the inverse operation of multiplication
B) a separate operation



Appendix C

ARITHMETIC INFORMATION, FOURTH GRADE
Student Number

Following are. three different sets. of arithmetic questions.
These questions 'will tell us what arithmetic.you already know and what
arithmetic you will learn during this school year. Some of the questions
will be easy for you and some of the questions will contain arithmetic
you have not had. &Each question has four or five possible answers.
Choose the answer you believe is correct and mark it on the answer
sheet as the first three examples have been done

1) If4+n-9, thenn.=-?.
A) &4

B) -5

C) 6

7

D)
E) none of these.

Notice that '"B" has been marked on the answer sheet for example 1
because 5 is the correct answer. : :

2) If 4 xp =16, then p = ?.

F) 2
G) 3
H) 4
I) 5

J) none of these

Notice that "H" has been marked on the answer sheet for example 2
because 4 is the correct answer. :

3) If 24 ¢+ 3 =n, then n = ?,

A)
B)
C)
D) ,
E) none of these

B wN

Notice that "E" has been marked on the answer sheet for example 3
because the correct answer, 8, is not given as a choice.

128
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, Gbod heavy penéil mafks hHave been made in the corfect‘spaces.
This will be necessary when you mark your answers. :

Now, do examplés 4 and 5.

4) 1If 9.f-p  4, then p = 2.

| F)
.G)
)
I)

J) none of these

U wnN .

5).,If:(i_+52)A+ n = 7,,thenan_=_?}““

A). 2
B) 3
) 4
D) 5

E none of these
You  should have marked "I" as the correct answer for example 4.

You should have marked "C" as the correct answer for example 5.

You are now ready to answer the questions as you have done the
examples above.. : ' -

PART 1

Following is a set of 42 questions which will tell us what
arithmetic understandings you know. Do not use paper to solve .any of
these questions. You should solve each of them in your head and then
mark your answer on the answer sheet. Do not write in this test
booklet or on the answer sheet.

You will have 32 minutes to complete Part 1. Stop at the end
of Part 1. Do not go on to Part 2 until you are instructed to do so.

At this time, ask any questions you might have.

1) What would be the next number in the following set? 3, 6, 9, -——-.

A) 10
B) 11
c) 12
D) 13

E) none of these
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3

4)

5)

6)
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In the'problem at tﬁe right,.the.number 1284 is - 214
"best" explained as being : : o . x 365
A . . o - _ 1070
F) 600 x 214 o ‘ 1284
G) 60 x 214 L | 642
H) 6 x 214 | - 78110
I) 6 x 214 without a zero added '
J). 6 x 214 moved to the left one place
The inverse operation of subtraction is '
A) aadifibn
B) subtraction
€) multiplication
‘D) division
‘E) . none of these - o
The exercise . 8)24 means
F) 8 'times 24 - o
G) how many subsets of 24 in a set of 8
H)  how many subsets of 8 in a set of 24
"I) 8 + 24
J) none of these
In the example at the right, what is the best 34
reason for placing 68 one place to the left? " x'23
o 102
A) because the 8 must be under the 2 : - _68
B) because this is the rule in multiplication 782
C) because the 68 is really 680
D) because 34 is a two digit number
"E) because 23 is below 34 instead of above 34
The inverse operation of addition is

F) addition

G) subtraction

H) division

I) multiplication
J) none of these

The shaded part of the figure is what part of the figure?

A) -%
B) .§
o 7
D) ~§

E) of these

=}
[}
=]
®
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8) Which number is the largest?

F) 7000

G) 6999
'H) 7001
I) 7010
J) 7100

9) ‘Look at the two squares. The shaded part of: the sqdare M is_'
| ' Mo . N |

- A) less than the shaded part of square N
B) more than the shaded part of square N.
C) equal to the shaded part of square N
D) cannot tell from the picture

10) 1In the number 7342, about how many thousands are there?

F) two thousands
G) four thousands
"H) three thousands
I) seven thousands
J) eight thousands

11) 1In the expression 427 x 638 x 546, how will the answer be
changed if it is worked as 546 x 638 x 4277

A) the answer will be less

B) the answer will be greater

C) the answer will be the same

D) can't tell until it is worked out

12) A mixed number such as 3% means

F) 3 x-%
¢ 3 +-%
w 3-2
n 3+

J) none of these



13)‘ The shaded part of this;figurefis’whét fractional part of the

14)

15)

16)

- 17)

figure?’

A

.B)
c)
D)

B

F)
G)
H)
1)
J)

These statements are true: 4 +6 =71, 6+ 6 = s, b+ 4=t

U S Wl e

none of these

The invérée:operatidﬁ of division is

addition

subtraction v
multiplication L
division

none of these

6 + 4 = u. Which of the following is also true?

A)
B)
C)
D)
E)

F)
. 6)
B

9]

J)

If 7 x t

)
B)
C)
D)
E)

[ B o B ]
inonu
[~ = )]

none of these - .

Tﬁe'inversé operation of multiplication is

addition
subtraction .
multiplication '
division

none of these

=0, then e is always

Zero

one

seven

ten : = S
it is impossible to tell from the information given
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18) .Whieh'Shaded figure shows oneehelf‘6f>ohe-third?

15_;

- J) none of these

i9) As the denominator of a fractional number decreases and the
numerator remains the same, the number

A) becomes larger

B) becomes smaller

C) remains the same

D) approaches .one

E) can't tell from: the informatlon given

20) As the numerator of a’ fractional number decreases and the
denominator remains the same, the number

F) becomes smaller

G) becomes larger

H) remains the same

I) gets close to one

J) can't tell from the information given

21) ' These statements are true: a+b=d, c+b=e, c+c=f.
Which of the following is also true?

A) a=b+d
B) c=b +e
C) d+e=f
D) e=b +c¢
E) none of these

22) If 0 xy =0, then "y" is alvays

F) zero
G) one
H) two
I) ten

J) any number you choose
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23) Whichvof the fbliowihg is another numeral for 5267

A) (5x10x10) + (2.x 10) + 6

B) (5x5x5 +(2x2)+6

C) (5x100) + (2 x 100) + 6 ‘
D) (5x2x6zx100) + (2 x6x 10) +6
E) none of these

24) A fraction such as %—means
. F) . choosing 7 parts after dividing an object 1nto 5. parts
G) choosing 2 parts after dividing an object into 5 parts:
H) choosing 5 parts after dividing an object into 7 parts
I) choosing 2 parts after dividing an object into 7 parts
J) none of these ' ‘ T

25) If axb =0, then

A) "a" always equals’"b"
B) "b" must be zero
C) "a" must be zero -
D) either "a'" or "b" must be zero
E) none of these

26). Which fraction is the smallest?

F)  %
@) -%
07
n 2
n o5

27) If r x s = r, then "s" is always

A) zero
B) one
C) "r"
D) ten

E) it is impossible to tell from the information given

28) Jimmy's bike has a speedometer which shows miles and tenths of miles.
It looks like this now | 027 |7 L How far will he ride before the
speedometer reads [ 033 ] 0 }? '

F) more than 5 miles

G)  less than 5 miles

H) exactly 5 miles

I) can't tell from the information given



29)

' 30)

31)‘ If.u-V = ﬁ;;fhgn ! is-élways o

32)

33) |

34)

"If r +s = r, then "s" is‘always

AA) zero

B). one

C) "en

D) tem o

E) it is impossible to tell from' the information given

To subtract in the exercise _fgg, we should |
F) make the 5 ones smaller

G) - make the 5 ones larger

H) make the 4 tens smaller

I) make the 4 tens larger

J) 'none of these I

A) zero
B) one
C) ."u"

" D) ten . :

"E) it is impossible to tell from the information given
. . 5 ' o '

In the exercise 7)364 , the 5 really stands for

F) 5 ones
G) 5 tens

H) 5 hundreds
I) 5 tenths
J) none of these

This line segment is cut into -t

A) sevenths

B) eighths
C) ninths
D) tenths

E) none of these

Four thousand three hundred seven is written .

F) 4037
G) 0437
H) 4370

I) 40003007
J) none of these
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35)

36)

37y

38)

39)

40)

. A)
B)
C)

D)

.'E)

product

F)
G)

-H)

1)
3

Look_at

136

.Look at the numeral 85 626. The. 6 on the 1eft has a value how
elmany times larger than the 6 on the right7‘

100 times larger
10 times ‘larger
1000 times larger
.the same value -
none of these

937

'When multiplying in the problem x84 Ve move ‘the second partial .

which'we get when we multiply by 8, one place to the

1eft because

that - is the rule in multiplying
the 8 means 8 tens
‘the answer must be larger than 937
‘the top number is a number larger than ten
none of these
n_n

the:problem - q; If "q" is the identity number for this

subtraction, then "q" is equal to

A)

. B)
- C)
D)

E)

F)
G)
H)
I)

zero
one

ten

there isn't one
none of these

The number 4357 is about

4 hundreds
43 hundreds
435 hundreds
4357 hundreds

Round off 9766 to the nearest hundred.

A)

B)

C)
D)
E)

9770

9700

9800
10,000

none of these

How would the sum in the problem +gg be changed if 78 was placed
above 64 instead of below it?

F)
G)
H)
I)

the new sum would be less than the old sum
the new sum would be the same as the old sum
the new sum would be greater than the old sum
it 1s unknown until it is worked both ways
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41) Multiplying 6 4nd 9 1s the same as |

A)
B)
C)
D)
E)

:42) Hdw would the product in the proBlem_x
placed above 7608 instead of below it?

F)
" G)
H)
1)

J)

increasing 6 by 9

adding six-ninths

adding nine-sixths

adding six nines |

none of these :

7098 be changed if 47 was

the new product would be the same as the old product
the new product would be greater than the old product
the new product would be less than the old product

it is impossible to multiply when the larger number is

on the bottom and the smaller number on the top -

it is unknown until it is worked both ways

END OF PART 1

DO NOT TURN THE PACE




sheets of paper on your desk  to figure on.

PART 2

138

Following is a set of 13 problems which w1ll tell us what
arithmetic problems you can work.

You may use paper to solve these problems . Put - ‘three clean

booklet or on the answer sheet

Do. not wrlte in this test

You . Will have 22 minutes to complete Part 2. DoAhot‘go'on to

Part 3 until. you are instructed to do -so.

At this(time,vask any.Questlohs YOu_mightThéve.f

Joe paid $8.68 for 7 baseballs. How

AA)

$60.75

E)

1)
much did each baseball cost? 'B) $1.25
C) $ 1.24
D) $.1.09
E) none of these
2) Marilyn bought %-of a yard of ribbon. F) 24 inches
U oo : ‘ G) 12 inches
How many inches did she buy? H) - 15 inches
’ o C I) 36 inches ,
~J) none of these
3) 'Joe could put 6 pictures on each page A) 72 pages and 5 pictures
of his photo album. He had 77 pic— B). 66 pages and.1l picture
- tures. How many full pages could he C) 462 pages and 0 pictures
mount and how many pictures are left? D) 12 pages and 5 pictures
o E) none of these
4) John wishes to buy a bicycle which F) $15.75
- sells for $37.50. He now has $19.75. G) $17.75
‘He will work to earn enough money to : H) §19.75
buy the bicycle. How much money I) $57.25
must he earn? ' ~J) none of these
5) Jane waited %~of an hour for her A) 10 minutes
o B) 12 minutes
mother. How many minutes did she C) 15 minutes
wait? D) 20 minutes

none of these



David bought a.pair of pants for

F)

139

J)

6) $ 7.30
© $8.95 and a shirt for $3.75. How G) §$ 8.30
much change did he receive from H) $12.70
$20.00? ‘I)  $14.80
J) none of these
7) Peter bought 3 baseballs at $1.25 A) §.8.95
each, 2 bats at $1.75 each, and B) $ 9.95
one glove at $3.95. How much did C) $812.20
Peter spend? : : D) $13.20 . -
' - E) _none. of these
8) The’ eight mémbers of the Boys Club F) $ 2.88
bought 12 bottles of pop at 8 cents | G) ' 40¢
for each bottle and 6 dozen cookies H) 44¢'
at 32 cents for each dozen. If the I) 24¢ ‘
members share the cost equally, - J) none of these
how much 'did each member pay? s
9) Frank had $1.75 to buy school A $ 6.25
supplies. His father gave him $4.50. B) 98¢
While shopping ‘he spent $5.37. How c) 88¢
much money did he have left? D) - 78¢
' E) none of these
10) Mrs. Smith needs 375 cookies."She F) 133 cookies
has 22 packages, each containing G) 342 cookies
11 cookies. How many more cookies H) 353 cookies
does she need? - I) 242 cookies
' J) none of these
11) Mrs. Johnson made 36 cookies on A) 108 cookies
' Monday, 45 cookies on Tuesday, and B) 54 cookies
27 cookies on Wednesday. By C) 44 cookies
Saturday half of the cookies were D) 40 cookies
gone. How many cookies did she E) none of these
have left? '
12) Farmer Brown sold 355 pounds of hay - F) 212 pounds -
' in January, 267 pounds of hay in G) 266 pounds
February, and 216 pounds of hay in i
March. On the average, how many H) 2793 pounds
pounds of hay did he sell each ‘
month? I) 838 pounds

none of these



13)  Jane picked ZL dozen asters and l%- CA)

dozen roses. How many flowers did

Jane pick?

2

i

B)

D)
E)

¢y

140

.31 flowers.

3 dozgn fiowars

3~ dozen flowers

N

4 dozen flowers
none of these

END OF PART 2

DO NOT TURN THE PAGE



PART 3
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Following is’ a set of 24 problems which will tell us what
arithmetic problems you can work. .

You may use paper to solve these problems.
sheets of paper on your desk to figure on.

booklet or on the'answer sheet;

- You will have 29 minutes to complete Part 3

Put three clean
‘Do not figure in this test

" At this time, ask any questions’ you might have

A)

21,424

2)

692

345

1) 2478 _ _ F)
6002 B) 20,424 -457 G) 235
6201 C) 20,224 H) 135
5743 D) ' 20,244 I) 145
E) none of these J) none of these
3) 90,006 A) 60,002 4) 16 F) 636
' =36,758" B) 53,248 x 6 G) 336
C) - 53,238 ' H) 96
D) ..53,148 I) 10
E) none of these J) none of these
5) 302 A) 2486 6) 54 F) 3718
x 8 B) 2416 x67 G) 3658
C) 2406 H) 378
D) 406 I) 324
E) none of these J) - none of these
7) 6215 A) 292,105 8) 6075 F) 2,681,795
% 47 B) 292,005 x 423 G) 2,569,725
C) 43,505 ‘ H) . 2,562,775
D) 2,486,525 1) 2,555,725
E) none of these J) none of these
9) 7003 A) 2,843,218 10) 7)8%. F) 6
x 406 B). 28,043,218 G) 10
C) 2,443,218 H) 10 rl
D) 322,018 I) 12
none of these J) none of these

E) .
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11) 96 + 5 = A) 10 o 12) 7)8216 F) 112
v B) 11 r5 , .~ G) 1000 rl
© 19 - | H) 1314 r7
D) 19 r1~ - - . / I) 1173 r5
~ E)_ none of these ’ J) none of these
13) 35032 A) 1010 . 243, 2
_ r3 : 14) 7 + 7= F) 7
B) 1034 rl . o 19
C) 1344 | BENORE
D). 1343 r2 o
E) none of these | - ‘ H) 19°
5
D%

 J) none of these

.3, 2 - ' . 7 26
15 25+5= A 22 16) 43+ 25= B 67
21 . 32
B) Z—§ ‘ G) 9
5 : 8
© 2% . B 6
8
D)  23 I) 9
E) none of these J) none of these
| 1. .3 2 _ ' 3, .4 7
17) 45y + 377 + 675 = 18) 45 +2m= B 635
39 : 23
A IR ® 1o
52 2
B)E H) 75
6 17
_C)‘ 13_1-]? I) 6—5-
D)- 13§% J) none of these
E) none of these B
5_1_ 6 7 __3_ 34
19 §-9= A T3 200 7 -77= B 4
By % ¢) 24
3 ‘ 22
0 =3 ; wy 240
6 . 11
D) 2 L ,32
' 9 . I 2ll

E) . none of these J) none of these
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| 3 . 3 NN 4
21) 8 -SZ = A) 632- | 22);‘67 27 = F) 37 ‘
1 ' 3
B) 3; G) 35
c .1 31
c) ‘24: H) ==
10 3
D) . 3 I) 4'7-
E) none of these - J) none of these
23) Change-g to its lowest terms. | 24) Change 1g to its lowest terms.
| 3 5
8 3 P 3
2 - : . 12
B 3 1 ©) T3
6 ' -5
©) .3 B 3
1 15
D)‘,6 I) 17 .
E) none of these J) none of these

END OF PART 3




'Appendix D
ARITHMETIC INFORMATION, FIFTH GRADE
Student Number

Following are three- different sets of arithmetic questions.
These questions will tell us what . arithmetic’ you already know and what
arithmetic you will learn during this school year. Some of the questions
will be easy for you and some of the questions will contain arithmetic
you have not had. Each question has four or five possible answers.
Choose the answer you believe is correct and mark it on ‘the answer
sheet as the first three examples have been done.

1) If 4 +n=29, thenn =2,

A)
B)
C)
D)
E) none of these

~N oYU

,
*

Notice that "B" has been marked on the answer sheet for example 1
because 5 is the correct answer.

2) If 4xp =16, then p = ?.

F) 2
G) 3
H) 4
I) 5

J) none of these

‘Notice that'"H" has been marked on the answer sheet for example 2
because 4 is the correct answer.

3) If 24 ¢+ 3 = n, then n = ?.

A) 2
B) 3
C) 4
D) 5

E) none of these

Notice that "E" has been marked on the answer sheet for example 3
because the correct answer, 8, is not given as a choice.

144
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Good heavy pencil marks have been made in the correct spaces.
This will be necessary when you mark your answers.

Now, do ‘examples 4.and 5.
4) If9-p-= 4,.theh p=7.

F)
G)
H)
1)
J) none of these

u:a~u>ni

5) .If (1f+_2) + n'=“7é'theﬂfﬁ:= ?.

T A2
'B) '3
3 a4
D) 5

E) none of these

You should have marked "I" as the correct answer for example 4,
You should have marked "C" as the correct answer for example 5.

. -You are now ready to answer the questions as you have done the
examples above :

PART 1

Following is a set of 43 questlons which will tell us what
arithmetic understandings you know. Do not use paper to solve any of
these questions. You should solve each of them in your head and then-:
mark your answer on the answer sheet. Do not write in this test
booklet or on the answer sheet. '

You will have 33 minutes to complete Part 1. Stop at the end
of Part 1.

At this time, ask any questions you might have.

1) In the expression 427 x 638 x 546, how will the answer be changed
if it is worked 546 x 638 x 4277

A) the answer will be less

B) the answer will be greater

C) the answer will be the same

D) can't tell until it is worked out
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2) A mixed number such as 3 7 means |

A
:F)‘,3 X % A
@ 23
w33
D: 3;*?%

J) none of these

3) The shaded part of this figureiis what.fréctibnal‘patfﬁof'the-'

figure9 N
S
1.
B 3
oy
© 7.
-1
D) 3

E) none of these
4) The inverse operation of division is

F) addition

G) subtraction .
H). multiplication

I) division h
J) none of these

5) These statementsbaré true: 4 + 6 = 6 +6=8, 4+4=
"6 + 4 = u. Which of the folIOW1ng is also true?

A)
B)
C)
D) _
E) " none of these

(0 T B
o

s e ton



6) Which.shéded figure shows one-half of one~third?

7)

8)

9)

10)

©

If 7

"

H)

Np) ﬁoﬁe,dftfhese

x t = 0, the "t" is always
A) zero

B) onme

0 7

D) ten

E) it is .impossible to tell from the information given

The inverse operation of multiplication is

F) addition

G) subtraction

H) multiplication
I) division o

-J) none of these

As the dehominator of a fractional number decreases and the
numerator remains the same, the number

A) becomes larger
B) becomes smaller
C) remains. the same
D) approaches one

E) can't tell from the information given

As the numerator of a fractional number decreases and the
denominator remains the same, the number

F) becomes smaller
G) becomes larger

H) remains the same
I) gets close to one

J) can't tell from the information given
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11)

12)

13)

14)

'15)

16)

These statements are true: a +b =d, c + b =

Which of

A) .
B) -
C)
D)
E)
If 0xvy
F)
G)
H)
I)
5

Which of

A)
B)
)
D)
B

the following is also true?

a=b+d

c=b +e

d+e=f

e=b+e¢c

none of these

= 0, the "y" is always .
zefd' '

one

two

ten

any number you choose

]
h

e, c+e¢c

the following is another numeral for 5267

(5
(5
(5
(5
none of these

A fraction such as'%-means

F)
G)
H)
I)
J)

£ b

A)
B)
C)
D)
E)

after
after
after
after

choosing 7 parts
choosing 2 parts
choosing 5 parts
choosing 2 parts
none of these

= 0, then

"a" always equals "b"
"b" must be zero

"a" must be zero
either "a" or "b" must

none of these

Which fraction is the smallest?

F)
G)
H)
D

J)

N B B wiN wi

x 10 x 10) + (2 x 10) +6
xX5x5)+ (2x2)+6
x 100) + (2 x 100) + 6

x 2% 6x100) +(2x6x10)+6

dividing
dividing
dividing
dividing

be zero

an object into 5 parts
an object into 5 parts
an object into 7 parts
an object into 7 parts
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17)

18)

19)

20)

21)

1 22)

If r x s
A)
B)
C)
D)
E)

= r, then "s" is always

zero

one

. llrll

ten : : -

it is .impossible to tell from the information given

Jimmy's bike has a speedometer which shows miles and tenths
It looks like this now - How far will he ride
before the speedometer reads mu , '

of miles.

7)
G)
H)
D

VIf r +‘s

A)
B)
o
D)

E)

more than -5 miles
less than 5 miles
exactly 5 miles :
can't ‘tell from the informatlon given.

5.r, then "s" is always

zero

one

llr"

ten . .

it is impossible to tell from the information given

To subtract 1n.the exercise _igg » we should

F)
G)
H)
1)
J)

If u-v

A)
B)
c)
D)
E)

make the 5 ones smaller
make the 5 ones larger

make the 4 tens smaller
make the 4 tens larger

none of these

= u, the "v" is always

zero
one

"u"

ten :

it is impossible to tell from the information given

5

In the exercise 7) 364, the 5 really stands for

F)
G)
H)
1)
J)

5 ones

5 tens

5 hundreds

5 tenths

none of these
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23)

24)

' 25)

26)

27)

28)

150

This line segment is cut into S T SR
“A) sevenths
B) eighths
C) ninths
D) tenths
E)  none of these

B
G)
H)
1)
J)

Look at

Four thousand three hundred seven is written

4037 .
0437
4370
40003007

none of these

the numeral 85 626. The 6 on the left has a value how many

times larger than the 6 on the right?

A)
B)
C)
D)
E)

When multiplying in the problem x

product

100 times larger
10 times larger
1000 times larger
the same value
none of these .

937

g, We move the second partial

which we get when we multiply by 8, one place to the

left because

F) that is the rule in multiplying

G) the 8 means 8 tens

H) the answer must be larger than 937

I) the top number is a number larger than ten

J) none of these :
Look at b * a where "a" and "b" are both whole numbers greater
than one. How .does the answer compare with "b"?

A) the answer is greater than b

B) the answer is smaller than b

C) the answer is the same as b

D) can't tell until we see the whole number

E) can't tell until the division is done

F)
G)

H)

I
J)

Three-thirds plus four-fourths is

seven-sevenths
twelve-twelfths

7

4

2
none of these
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29) 'Which-of the followiﬁéiSdes’Zé-inianofhef form?

4
S A) 2+

B) 2%
. C) 1~
» 17

’ E) 1nohé”bf-thes¢ L-\

30) The Shadeauﬁarfxofrthé'figure.isthét part ofvthé figﬁre?.

31)

32)

33)

I) %

J) none of these

in the division example 463)5217468 , the first figure in the
quotient will be written in what column?

A) tens

B) hundreds

C) thousands

D) ten thousands
. E) ~none of these

When finding the sum of several numbers of the same size, the
operation that will give us the answer most quickly is

F) addition

G) subtraction

H) multiplication
I) division

J) none of these

"Which of the following will give. the séme-anéwer as 13 x 237

A) (13 x 20) -3

B) (13 x 20) + 3 .

C) (13 x 20) + (13 x 3)
D) (10 x 20) + (3 x 3)
E) none of these
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34) ‘One-fourth of the set of x's to the right below is

F) xx B o[ xxxxxx
G) =xxx S { }<
H) = xxxx - - ' XXXXXX ).
I) xXxxxx

J) none of these

35) Look at the problem r ¢ s. If "s" is the identity number for this
division, then "s" is equal to T »

'A)b zerbl
B) one
C) ten

D) - there iénft‘pné.’
E) none of these"

36) 2+ 1 equals which of the following?

8 :
F) %
0 3
W 2
1) -;

J) none of these:
37) To reduce a fraction to lowest terms we

A) divide the numerator by the denominator

B) divide.the denominator by the numerator

C) divide the numerator and the denominator by zero

D) divide the numerator and the dénominator by a common
divisor ' '

E) none of these

38) What numeral is the same as ten and one~tenth?

F) 100.10
G) 100.01
H) 10.010
I) 10.01 °

J) none of these

39) Look at u x v where "u" and "v" are both whole. numbers greater
than one. How does the answer compare with "v'"?

A) the answer is greater than v
B) the answer is smaller than v
C) the answer is the same as v
D) can't tell until I see the whole numbers
E) can't tell until I do the multiplication
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40) Which fractionel number is between 2 and 3?

41)

42)

43)

F)
G)

- H)

.
vZJ);

‘Look.et
. greater

A)
B)

C)

D)
E)

.Pﬂ Ih‘uﬂhohohp
[ .

Sl

none of theselhl*
the problem u+ v where "u" and "v" are both whole numbers
than zero. . If their sum '1s an, odd number, ‘then’ '

both u and v'ere even numbers

both 1 and v dre odd numbers . :

one number 1is even and one number is odd
v is always twice as large as u

none of these :

The one in the numeral .0513 is in the

F)
G)
H)
1)
J)

To find
A)
B)
C)
D)

E)

ones place

tenths place
hundredths place
thousandths place
none of these

the answer to 349238 we could

multiply the answer and 34

divide 8 by 4

add 238 thirth-four times and use the sum as the answer
find out how many 34's can be subtracted from 238 and
use this number as the answer

none of these

END OF PART 1

DO NOT TURN THE PAGE




sheets of paper on your desk to figure on.-

PART 2

154

Following is a set of 13 problems which will tell us what
arithmetic problems you can work, '

You may use paper‘toAsblve these problems.

booklet or on the answer sheet.

- You will have 22 minutes to

Part 3 until;youAare‘instructéd-to'do'so.

complete Part 2.

Put three clean
" 'Do not write in this test

Do not go on to

. At this timeg ask aﬁynquestidnsAyou‘might have.

The grocer had l37 pounds of,apples. At the

8

1) 111 pounds
end of the day he had 49 pounds of apples. B) 78 pounds
How many pounds of apples did he sell. during C) 88 pounds
the day? _ : D) 98 pounds
' E) none of these
2) After earning 35¢ a day for 14 days Joe still. F) $4.90
needs $2.47 to buy a present. How much does G) . $ .49
the present cost? H) $2.82
: ' I) $7.37
J) none of these
3) Jane had a piece of ribbon 4 yards long. A) 72 inches
She cut it into 8 pieces of equal length. B) 18 inches
What was the measure in inches of each piece? C) 16 inches
: D) 32 inches
E) none of these
4) Frank had 17 models at the beginning of the F) $25.65
year. Now he has 36 models. At $1.35 each G) $48.60
what is the value of the models added to H) $26.65
his collection? I) §71.55
J) none of these
5). At the club picnic there were 7 gallons of A) 56 people
ice cream. If one quart of ice cream serves - B) 112 people
8 people, how many people can be served? C) 168 people
: ‘D) 224 people

none of these
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4900 bags

6) The Boys Club collected $9.80 selling popcorn, F)
at 5 cents a bag. How many bags of popcorn . G) 110 bags
did they sell? —_— . H) 196 bags
: ' ‘I) 112 bags
J) none of these
7) Jane made scores of 25, 22, 18; 21, 15, and A) lZE}points
25 on arithmetic tests. What was Jane's B) 105 points
average score? ’ C) 21 points
D) 15 points.
E) . none of these
8) Jane béﬁghf 4 records at $1.89 each. The 5y $1.08
tax on all 4 records together was 34¢, G) $2.10
How much change should she get from $10.00? H) $2.44
o . I) $7.56 ...
J) none of these
9) Jim has four small rabbits. They'weigﬁ A) 48%% oz.
1 3 7 5 1
‘123 oz., 13Z oz., ll8 oz., and lOg oz. B) 48§ oz.
How much do all four rabbits weigh? C) 48i% o0z.
.5
D) 49§Z-oz.
E) none of these
10) Phil had saved 8% dollars. He éarned 'F) $3.00
— ’ 1 G) $3.50
45 dollars. He then spent 9z-dollars. H) $4.00
. I) $4.50
How much did he have left? J) none of these
11) Mr. Smith needs 1200 sq. ft. of storage - A) 945 sq. ft.
space. He rented one building that was B) 255 sq. ft.
35 ft. by 27 ft. How many more sq. ft. C) 260 sq. fe.
of space does he need? D) 23 ft. by 27
' ft. more

E)

none of these
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13y

12) Jean, Jane, and Mary weigh 194%-1bs,f F) 115% 1bs.
together. If Jane weighs 60% 1bs. and G) 79%-1bs.
Jean weighs 55% 1bs., how much does H) 79 1bs.
" Mary weigh? 1) 78% 1bs.
| J) mnone of these
- Mr. Sﬁith‘drdve'ASG miléévinus ﬁours.l He | . A) 24 miles
expects to drive 3_more.hours'at the same B) 1368 miles
.average speed. How many more miles does C) 459 miles
he expect to drive? D) 171 miles
E) none of these

" END OF PART 2

DO NOT TURN THE PAGE
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157

. Following is a set of 23 problems wh1ch will tell us what .
arithmetic problems you can work -

You may use paper to solve these problems.
sheets of paper on your desk to figure on.

booklet or on the answer sheet

_You will have 28 minutes to complete Partv3.

. At this time, ask- any queStion‘ypﬁ'might‘havé;:

Put three clean
" Do not figure in this .test

i)y 7003 A)

x 438 B) -
. C)

D)

E)

3,067,314
3,057,314
2,968,314
256,114 -
none of these

) OTE@ w)

G)
H)

L)

J)

700 r102

850 r2

717

1203

none of these

3) 56)336,896 A)
. B )

C)

D)

E)

r’s

601 r840

616

5305 r36

6016

none of these

4) 302)4,173,057
F)
G)
H)
I)
J)

13,453 1r251
1361 r386
13,818 r21
1411 r302
none of these

5) Change 62 to its lowest terms

A) -

B
c)
D)

E).

Gﬂu:&ﬂh*h1c\ g
A

none of these

6) Change 35 to its lowest terms

F)
G)
H)
I)

J)

=Wl vjw

= uq
v wire

none of these



7) .Change L to a mixed number
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8) Change 4§-tp an improper

none of these

5
in lowest terms fraction F) 4%
91 ) 2
A) =3 G) 5§
3 1
B) 83' H) 41'
; 4 Ty 5
C) :35 | ;) 47j |
‘ D) fl%- J) ndpg_of these
v E) ‘none foﬁhesé 'h‘ .
’-9)'%=—-2-' A) 30 - 10) %—+‘%= F)'%.
: B) 35 .
C) 41 G) 3 _
E) none pf~these H) 1%
' 4
D %
J) none of these
3,3, 8 y 1,3 .5,
11) TtE- A)_8 12) 3ts+g
8 23
B) 13 B 13
1 . 13
© 3 6 133
3 9
D) 13 T
9
E) -none of these I) i)
J) none of these
> _1_ 4 3 _1_ 1
13) §-%° b 53 14) -3 F) 3
_ 3 -7
B) 3 © 13
5 A
9 3 0 13
4 y 4
E) J) none of these



A)
B)
0)

D)’

E)

14.23
10.21
14.17
13.81
none of these

; S 15y
R I & 16), ad o my el
15) 4-3 A) 45 |16 T2z F) 1835
93 .9 21
B) '35 e @ 183
2 o 1.
9 % R
2 .
D) T 11 -
%7 . .- B) nome of these - .. 1) nome of these
17y .10 A) 5L 18). 2.3 + 4.6 =
B i § : 55 - = : :
3 .80 ‘ - B30
-4z B),.4§§]v G) 6.9 -
- &) 5% I) 8.18.
: .755 .
33 J) none of these
D) : 653 “ :
E) none of these .
19) 8.4 + .4 = . 20) 15.63 + 4.72 + 2.5 =
A) 26 . F) 21.14
B) 12.4 G) 22.85
C) 8.8 H) 21.185
D) ;8.0 I) 21.141
E) none of these J) none of these
21) 8.62 - 6.41 = 22) 22.74 - 9.8 =
' A) 730.116 : F) 21.86
B) ' 2.21 G) '75.26
C) 230 H) 12.94
D) | 14.103 I) 13.9
E) none of these J) none of these
23) 14.21 - .4 =

END OF PART 3



Appendix E-
ARTTHMETIC INFORMATION, SIXTH GRADE
-Student Number

. Following are three dlfferent sets of arithmetic questions.
Thesé questions will tell us’ ‘what arithmetic you- already know and what
arithmetic you will learn during this school year. Some of the. questions.
will be easy for you and some of the questions will contain arithmetic
you have not had. Each question has four or five possible answers.

Choose the answer you believe is correct and mark it on the answer
sheet as the first three examples have been done.

1) If 4 +n=29, thenn = ?.

A) 4
B) 5
C) 6
‘D) 7

E) none of these

Notice that "B'" has been marked on the answer sheet for example 1
because 5 is the correct answer. :

2) If 4 xp =16, then p =

F) 2
G) 3
H) 4
I) 5

J) none of these

Notice that "H" has been marked on the answer sheet for example 2
because 4 is the correct answer.

3) If 24 :+ 3 =n, thenn = 7.

A)
B)
C)
D) _
E) none of these

nerwN

Notice that "E" has been marked on the answer sheet for example 3
because the correct answer, 8, is not given as a choice.

160
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. Good heavy pencil mafks have been made in the correct spaces.
This'will be necessary when you mark your. answers. :

Now, do examples 4 and 5.

4) If 9 ~p =4, thenp = ?.

R 5
- 6) 3
'H) 4
‘1) s

J) 4noﬁe‘df_théée
5 I£ (L+2) +n=7, thenn= 2.

A) .
B)
C)
D) | o
_E) none of these

Ve WwN

You should h?ve marked "I" as the correct answer for example 4.
You should have marked "C" as the correct answer for example 5. '

You are now ready to answer the questions as you have done the
examples above. : : : .

PART 1

- Following is a set of 44 questions which will tell us what
arithmetic understandings you know. Do not use paper to solve any of
these questions. You should solve each of them in your head and then
mark your answer on the answer sheet. Do not write in this test
booklet or on the answer sheet. ‘

You will have 34 minutes to complete Part 1. Stop at the end
of Part 1. Do not go on to Part 2 until you are instructed to do so.

At this time, ask any questions you might have.

1) As the denominator of a fractional number decreases and the numerator

remains the same, the number

A) becomes larger

B) becomes smaller

C) remains the same

D) approaches one

E) can't tell from the information given



2)

3y
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As the numerator of a fractional number decreases and the
denominator remains the same, the number -

F) becomes smaller

G) becomes larger.

H) remains the same

1) gets close to one

J)- can't tell from the information given

These statements are true: a+b=d, c+b = e, ¢c+ec-= £,

»"'Which of the following is also true7”-

W

5)

" 6)

7)

A)- a=b+d
B) c=b+e
C) d+e=Ff"
D). e=b+c
E) none of these
If0xy-= 0, then " " 15 always .
F) zero
G) one
H) two
I) ten

J) any number you choose
Which of the following is another numeral for 5267

A) (5% 10 x 10) + (2 x 10) + 6

B) (5x5x5) + (2x2)+6

C) (5 x 100) + (2 x 100) + 6

D) (5x2x6x100) + (2 x6x10) + 6
E) none of these

A fraction such as ;-means
F) choosing 7 parts after dividing an object into 5 parts
G) choosing 2 parts after dividing an object into 5 parts
H) choosing 5 parts after dividing an object into 7 parts
I) choosing 2 parts after dividing an object into 7 parts
J) none of these :

If axb=20, then

A) "a" always equals "b"

B) "b" mist be zero

C) "a" must be zero

D) either "a" or "b" must be zero
E) none of these

+



'8) Which fraction is the smallest?

- 9)

16)

11)

12)

©13)

F)
H)

I)

'Iffrvx's

8)
B).
. C)
D)
- E)

miles.

1

3

2

3.

1

4 -

3 .

4 . :

1

2 ,

= r, then "s" is always .

zero

one

llr" )

ten- : .
it is impossible to tell from ‘the information given

Jimmy s bike has a speedometer ich shows miles and tenths of
It looks like this now . How far will he ride

before the speedometer reads [}EEZI}[Y

F)
@)
H)
9]

If t + s

A)
B)
)
D)
E)

more than 5 miles

less than 5 miles

exactly 5 miles

can't tell from the 1nformation given

=r, then "' g always

zero
one

!lrll

ten _

it is impossible to tell from the information given

To subtract in the exercise _izg s we should

F).
G)
H)
I)
J)

A)
B)
C)
D)
E)

make the 5 ones smaller
make the 5 ones larger
make the 4 tens smaller
make the 4 tens larger
none of these

= u, then "v" is always

zero
one
"ull
ten

it is impossible to tell from the information given

163



14)

15)

16)

17)

18)

This

Four

Look

154
5

-In the exercise 7)364 . the 5 really stands for-:-

F) 5 ones
G) 5 tens.

'H) 5 hundre&s

I) 5 tenths

J) none of these

line segment is cut-into  F—t—d—t—} =
A) sevenths .

B) eighths

C) - ninths

D) tenths

E) .none of these.

thousand three hundred seven is written

F) 4037
G) 0437
H) 4370

I) ‘40003007
J) none of these

at the numeral 85,626. The 6 on the left has a value how many

times larger than the 6 on:the right?

When

A) 100 times larger
B) 10 times larger
C) 1000 times larger
D) the same value
E). none of these

multiplying in the probelm. ggz we move the second partial

product, which we get when we multiply by 8, one place to the

left

because

" F) that is.the rule in multiplying

'G) thé 8 means 8 tens '
‘H) the answer must be larger than 937

- I) the top number is a number larger than ten

“J) _none of these

L19)"Which of the following will giue thegsame'an9wer as.IB‘xp23?

A) (13.x 20) - .3

B) (13.x 20) + 3 _

C) (13 x 20)+ (13 x 3)
D) (10 x 20) + (3 x 3)

E) none of these
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20) One-fourth of the set of x's to the right is

F) =xx _ XXXXXX
G) xxx : { }
H)  xxxx . XXXXXX
I)  xxxxx

J) none of these

21). Look at the problem r * g. If "s" is the i&entity number  for this
division, then "s" is equal to

A) zero
B) one
C) ten

D) there isn't one -
E). none of these

22) é-% 1 eqﬁals which of the following?

8
F). '43
& 2
B 2
I) %

J) none of these
23) To reduce a fraction to the lowest terms we

A) divide the numerator by the denominator

B) divide the denominator by the numerator

C) divide the numerator and the denominator by zero ‘
D) divide the numerator and the denominator by a common divisor
E) none of these

24) What numeral is the same ag ten and one-tenth?

F) 100.10
G) 100.01
H) 10.010
I) 10.01

J) none of these
25) Look at u x v where "u" and "v" are both whole numbers greater
than one. How does the answer compare with "v'"?

A) the answer is greater than v

B) the answer is smaller than v

C) the answer is the same as v

D) can't tell until T see the whole numbers
E) can't tell until I do the multiplication
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26) Which fraétional,ngmber is Bétween 2 and 3?7

G) % )
11
» &
n £

J) none of these -
27) Look at the problem u + v where "u" and "v" are both whole numbers
‘greater than zero. If their sum is an odd number, then-

“A) both u and v are even numbers .-

B) both u and v are odd numbers

C) one number is even and one number is odd
D) v is always twice as large as u '

E) none of these

- 28) The one in the numeral .0513 is in the
F) ones place

G) tenths place

H) hundredths place

I) thousandths place

J) none of these

29) What part of the figure is shaded?

’- A) 0.03 ) T m . X,

B) 3.00 _ SRR
C) 0.07 oo
D) 7.00

E) none of these

30) What does h% mean?

F) 100 x h
-h
2T
100
05

I) divide "h" into 100 parts
J) none of these '
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31) To find the answer to 34)238 we could

A) multiply the answer and 34

B) divide 8 by 4

'C) add 238 thirty-four times and use the sum of the answer

D) find out how many 34's can be subtracted from 238 and
use this number as the answer

E) none of these

32) Which‘number is larger than 4.035?

"F)  4.034
G) 4.029
H) 4.1
I) 4.000

J) - none of these

33) To obtain the answer to the exercise +zg§ » We must change the

form of one number. What number is it?

A) 7 ones

B) 11 tens

C) 8 hundreds

D) 9 hundreds

E) none of these

34) If "a" represents an odd number, the next larger odd number can be
represented as :

F) 2 xa

G) (2xa) +1
H a+1

I) a+ 2

J) none of these

35) 1If "u" is any number different from zero, then u * u is equal to

A) zero
B) onme
C) ten
D) "u"

E) none of these

36) How many even whole numbers are there between 35 and 39?

F) none
G) one
H) two
I) three

J) none of these
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37) Which fraction is the largest?

38)

39)

40)

A)
B)
©)

5

'E)“

R B B WwiN W)k

Look ét.the”prdbiém a}x,%?whéré "a" is‘a”whblé:number;:bigger than .

F)
G)
H)
1)
J)

Look at

zero and

~ zero and E-is a proper fraction. How does -the answer compare with

the whole number "a"?

the answer is larger than the whole number .
the answer is smaller than the whole number
the answer is the same as the whole number

we can't tell until we see the numbers

we can't tell until the problem is worked

the problem a * < where "a" is a whole number bigger than

<

b is an

b

improper fraction different from one. How does

the answer compare with the whole number "a'?

A)
B)
C)
D)
E)

How would the answer to

the answer is larger than the whole number
the answer is smaller than the whole number
the answer is the same as the whole number
we can't tell until we see the numbers

we can't tell until the problem is worked

and 58 to 5.8?

F)
G)

H)
D

J)

the new
the new
answer

the new
answer

the new
the old
none of

427

x 58 be changed if we changed 427 to 4270

answer would be the same as the old answer
answer would be one-tenth as large as the old

answer would be ten times larger than the old
answer would be one hundred times larger than

answer
these
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42)

43)

4h)

How would the answer to

A)
B)

©
D)

E)

from 74.907?

169

72593 be changed if we removed the zero

the new answer would be equal to the old answer

the new answer would be one~tenth as -large as the old
answer _ :
the new answer would be one-hundredth as large as the

old.

answer

the new answer would be larger than the old answer because
there would be fewer decimal" places in the new answer
we can't tell untll we . do the multiplication

How would the answer to 950)63650 be changed if the zeros in the
two numbers were removed? : :

F)

H)
I)

J)

the

‘the

the
the
old
the

new answer

new answer.

old answer
new answer
answer

new answer

answer
none of these

Which number is smaller

A)
B)
. C)
D)
E)

How does

F)
G)
H)
I)
J)

2.111 -
2.048
2.050

2.1

none of these

the

the
the
the
the

answer to

answer is
answer is
answer is
answer is

none of these

would be equal to the old answgr 
would be one hundred times larger than

wbuld be one-hundredth as large as the

would be ten times larger than the old

than 2.0477?

623 compare with 6587

ten times larger than 658
thirty times larger than 658
658 times larger than 658
39 times larger than 658

END OF PART 1

DO NOT TURN THE PAGE




sheets of paper on your desk to figure' on.

PART 2

170

Following is a set of 16 problems which will tell us what
arlthmetic problems you can work.

You may use paper to solve these problems.

booklet or on the answer sheet.

You will have 27 minutes to complete Part 2.

:Part 3 until you are- 1nstructed to’ do’so.

Put three clean
Do not write in this test

Do not go on to

At this time, ask any questions you might’have.

After delivering its 3t ton load of hay, a

756 1bs.

Y ; A .
truck weighed 7256 pounds. How much did the B) 7,259%—1bs.
truck and its load weigh?

C) 13,756 1bs.
D) 10,500 1bs.
E) none of these

2) A hay dealer sold 124 tons of hay in . F) lé%-tons
October, 133 tons in November, 147 tons
in December, 156 tons in January, and G)v 110 tons
142 tons in February. What was the 9
average amount of hay sold per month? H) 136§-tons

I) l40%—tons
J) none of these
3) Joe walks %—of a mile to school. Frank A) 100 feet
1 B) 440 feet
walks 7 as far. How many feet does Frank C) 880 feet
D) 4840 feet
walk to school? E) none of these

4)' Mr. Carpenter, the grocer, had lZ%-lbs. of F) 5 bags

' . - G) 36 bags
peanots. He put them into bags containing H) 38 bags
1 I) 89 bags
3 pound each. How many bags of peanuts J) nonme of these

did he have?



Mr. Jonesvdrove his truck 385 miles in

171

5) A) 3 miles per hour
7 hours. The maximum speed limit was B) 5 miles per hour
60 miles per hour. How much below the C) 10 miles per hour
‘maximum speed was his average speed? . D) 55 miles per hour
: E) none of these '
6) Jack, a race car driver, averaged 93 miles F) 4 hours 28
per hour in a 400 mile race. To the nearest ‘minutes .
‘tenth of an hour how long did it take Jack G) 4.3 hours
to complete the race? H) 4 hours ‘
o ' I) 2 hours
J) none of these
7) Mrs. Smith uses 12 cans of water with 3 A) 20 oz. -
cans of frozen juice. If each can holds B) 30 oz.
6 ounces, how many ounces of water will C) 120 oz.
she use with 5 cans of frozen juice? D) 150 oz.
: E) none of these
8) ' The speed limit in a German city is F) 2.4 miles per
40 kilometers per hour. To the nearest hour
tenth in miles per hour, what is the G) 24.8 miles per
speed limit in that city? (.62 mi = 1 km) hour
H) 55 miles per hour
I) 70 miles per hour
J) none of these
9) Joe delivered 85% of his 160 papers. How A) 120 papers
many papers did he deliver? B) 135 papers
C) 136 papers
D) 188 papers
E) none of these
10) Jane spelled 90% of the words correctly. F) 19 words
She spelled 18 words correctly. How many G) 20 words
words were on the test? H) 28 words
I) 108 words
J) none of these
11) Jean took a spelling test of 80 words. A) 167
She spelled 64 of the words correctly. B) 64%
What percentage of the words did she C) 80%
D) 85% .

spell correctly?

E)

none of these



Joe took a 40 problem arithmetic test.
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5 problems

12) F)
He correctly worked 80% of the problems. G) 8 problems
How many of the problems did he miss? H) 10 problems
' ’ : I) 20 problems
J) none of these
13) 1In Woodland School 8% of the pupils made A) 176 students
a perfect score on an arithmetic test. B) 200 students:
If 22 pupils made a perfect score, how C) - 275 students
‘many pupils attend Woodland School?" D) 2024 students
' ’ : : \ ~ E) none of these
14) A basketball team lost 40%. of the 25 games. - F) 10 games
it played. How many games did the team G) 11 games
win? - ' ' H) . 15 games
I) 20 games
- J) none of these
15) The Jones family had an income of $6500. A) 59%
They saved $600 of this money. To the B) 50%
nearest whole percent, what percent of C) 10.5%
the income did they save? D) 9%
E) none of these
16) When buying a pew car Mr. Woods paid a F) $160
sales tax of 45%'on the purchase price. G) $170
4 ' H) $180
The purchase price was $4000. How much I) $888.89
sales tax did Mr. Woods pay? J) none of these

END OF PART 2

DO NOT TURN THE PAGE




arithmetic problems you can work.

sheets of paper on your desk to figure on.

PART 3

173

Following is a set of 30 problems which Will tell us what

You may usSe paper to solve these problems;  Put'threé clean
Do not figure in this test

booklet or.on thefanswer_sheet.

You will have 36 minutes to complete Part-3.

At this tiﬁe, ask ahy questions you might have.

l)

80402

Y

58,732,656

2) 42)91358

.F)

2175 r8

x 728 B) - 58,532,656 G) 2079 r40
C) 58,539,656 H) 2314
D) 56,092,656 ) 2172 r34
E) none of these J) none of these
_ e 1 3 5 _
3) 409)46782 A) 114 rl56 4) §-+ §-+-g = 9
B) 111 r283 F) IZ
C) 1110 r283 ) 9
D) 114 r56 G) 30
E) none of these
H) 1
23
D 155 A
J) none of these
5y 43 14 7. 7
5) 74 A) 16I§ 6) 4 - 11 F) 411
1 14 4
45- B) 1636 .G) 411
9 27 7
1) ¢ 185 0 37
1 9 4
33 D) 1856 ) 3II
E) none of these J) none of these
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N gk H 173 8 101 P 62
—_61_% B) 162 -_4%_ o 6
| c) 18% | H) 5%
D) 17—3—% I) 5'%
- E) none of‘thesel -J) none of these
9).-ig-x §-= A) -gg— 10) '%-x 10 = Fj> %*
B —g% ) 5
) —2— H) —2%- o .
D ) s 1) 20
E) none of these J) pone of.these
| 1.2 |
11) 45 p'e 33 A)';lzé_ 12 %'x 3§.k I% i
B 2 P 3
) 15 0 12
D) 16 w22
E) ,none of these I) l%
J) none of these
1) 2:32-  a B 14) 10:7= F) 40
B) 1y 0 =
o 2 w 12
D) 211 n
E) none of these J) none bf these
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1., 0. ' 5. 34 _ 1
15) 7" 10 = A)~ 40 16) 46 35-3 F) 15
' 1 25
B % © %3
o 2 H) 5
.4 3
D) —= .29
10 | _I) 31 -
,E). none ofithese ) nqne'of'these .
17). 15.63 + 2.55 = 18)  4.62 + .403 + 27.3 =
. ' A) 13.08 : F) .32.223
'B) :18,18 G) 11.37
C) 36.18 H) 31.223
D) ©13.18 I) 12.12
" E) none of these J) none of these
19) 15.21 - 2.3 = 20) 201.3 - 48.004 =
4A) 13 : : F) 153.304
B) 12.86 CG) 721.34
C) 17.58 H) 153,296
D) 12.84 I) 720.34
E) ' none of these J) none of these
21). 2.2 x8= A) 1.76 22) 13 x .43 = F) 52.39
B) 176 : G) 52,29
C) 16.16 H) 5.69
D) .176 I) 5.59
E) none of these J) none of these
23) 22.34 A) .160.848 24) 42 F) .000168
x 7.2 B) 1608.48 x .0004 G) .0168
C) 180.848 H) .00168
D) 1808.48 I) .168
E) none of these J) none of these
25) To the nearest tenth 26) .005)47.2 F) 94500
G) 945
4,31)71.216 H) 94,5
A) 16.0 I) 9450
B) 16.5 J) none of these
C) 16.6
D) 16.7
E) none of these
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27) To the nearest tenth of a v { 28): 192 is what percent of 256?
‘percent 57 = % of 112 '
' ‘ : F) 137
A) -50.9% : , G) 14%
B) 50% ' H) 75%
C) 19.9% | I) 15%
. D) 19.8% 1 , J) none of these
B E) none of these ‘ :
29) ‘452 = what fraction in lowest v30) 58% = what fraction in lowest
" terms? 4 : terms? 5
85 P 3§
‘5 29
B 8 5
: 9 . _ ' 8
.1 1 -
D) 135 D 1%
E) none of these J) none of these

END OF PART 3



Appendix F
TEACHER QUESTIONNAIRE

_Pléase.complete the following-Questionf 4Sem¢ster Quarter

naire and return it to your principal. All . Hours Hours
hours are quarter hours. If your courses were v

> ; : > 1
semester hours, use the table at the right to - -3 45
convert to ‘quarter hours. Circle the ) S _ :
appropriate response. - - 4 6
Teacher number : ' » _ -5 7%“

~1) Number of quarter.hours of college mathematics 9

courses, including inservice salary credit

course. (Do not include methods courses in . 1
. 7 10+

mathematics.) 2

none 1 to 7 7 to 13 13 to 19 19 or more 8 _ 12
Were any of these courses calculus? yes no 9 13%
How many of these quarter hours were new 10 _ 15
mathematics? ' 1

11 165
none 1 to 7 7 tol13 13 to 19 19 or more

12 .18

2) How long ago was the last of these mathematics ’
‘ , 1

courses taken? 13 195
past year 1 to 2 years 2 to 5 years 14 21
5 to 10 years 10 or more years '

3) Number of quarter hours concerned with the teaching of mathematics.
(Methods courses in the teaching of arithmetic or mathematics.
Do not include courses counted in 1) above.)
none 1 to 4 4 to 9 9 to 13 13 or more
4) How long ago was the last of these methods courses taken?
past year 1 to 2 years 2 to 5 years 5 to 10 years

10 or more years
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5)

6)

178

Number of quarter hours of professional education courses. (This
includes all education courses and some psychology courses. A
close approximation is sufficient.) ' ‘

0to20 20 to30 30 to 40 40 to 50 50 or more

Number of years of téaching experience. (Do not count'this year
or substituting experience.) ' :

none 1 2 3or4 5o0r 6 7 to 10 10 to 15

15 to 20 20 or more

7)

Number df years of teaching experience in the.Spokane District.
(Do not count this year or substituting experience.) - '

none 1 2 3or 4 50or6 .7 tol0 10 to 15

15 to 20 20 or more



Appendix G

PRINCIPAL'S RATING SHEET

Rate the teacher numbered on a scale of 1 to 7. A rating of

1 indicates a poor rating and a rating of 7 indicates an excellent
- rating. . Circle the appropriate rating. Complete and return with
your answer sheets.

Teacher number

1)

2)

3)

Considering all aspects of teaching, this teacher is:
1 .2 3 4 5 6 ‘7

Considering all aspects of atitﬁmetic teaching, thié teacher is:
1 2 | 3 4 5 6 7

Considering the newer methods and ideas in arithmetic, this
teacher believes in and uses these ideas:

1 -2 3 4 5 6 7
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