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CHAPTER I
INTRODUCTI ON

As a child progreaaaé in the acquisition of knowledge a
broader field of learning 1s opened to him. As he matures he 1is
able to arrive at an understandingvor & greater number of concents
in the various subjects in which he is engaged. However the child
;&t times 1s not able to progress as rapidly as he should. The
technical terminology of a subject often handicaps the child 1in
acquiring accurate and understandable concepts In a particular
field. This 1s true of arithmetio especially in problem solving‘
situations. Here the solution of the problem depends primerily
upon the comprehension of the vocabulary used in stating the prob-
lem. An accurate undefstanding'of arithmetical vocabulary 1s also
important when reading directions in the arithmetic text. The
child 1s unable to follow directions because he does not have the
necessary understanding of éhe terminology used. Repetition of
meaningless termg and symbols will not help to aevelop the neces-
sary understanding of these terms., It usually creates within the

child a great dislike for arithmetio,




This thesis was undertaken to determine the arithmetical
vocabulary known by a group of fifth and sixth grade students and
thelr ability to solve problems using this términology. Interest
in this particular phase of arithmetic originated while teaching
children at these levels.w’It was observed that some pupils were
very adept at solving computational exercises if the directions
for these exercises contained no technical terminology not under-
stood by the ohild. These same students were not as efficiently
able to perform the same operations when they appeared in a probler
solving situation, Here the child was required to know the mean.-
ing of the vocabulary used in order to arrive at a correct solu-

- vlon. The questlion then &rose as to the effect of technieal ter-
ninolegy on the solution of problems using arithmetical terms,
Just how important are these terms and in what ways do they help
or hinder a child in developing a meaningful understanding of
arithmetic? This thesis is an attempt to find the answers to thessg
questions; thus, the speciflc purposes of this thesis are first,
to determine the students! understanding of technical terminology
2t their respective levels, second, to see if they are capable of
2pplying isolated known vocabulary to a specific problem solving
situation, ang third, to make a comparison of those terms known by
tho fifth grade students in relation to those known by the sixth
srade students,

Preliminary investigations of previous works concerning

“rithmetical vocabulary and its relation to problem solving wore




. 2ccompanies learning, The understanding to be acqulred is that of

3
undertaken. To secure a general picture of the materials relative
to vocabulary and arithmetic, the early authorities in the fleld
83 well as those of the present day were consulted, Toplcs perti-
nent to the place of vocabulary, reading and vocabulary, and meth-
ods of evaluation of vocaﬁdlary were examined.

Research concerning arithmetical vocabulary can be traced
through the past three decades, Unlike the technical terminolozy
used in other subjects, arithmetical vocabulary has not been made
an important and functional aépect of mathematics,

The chilg, during his school years, has many mathematical
concepts to learn. If these concepts are developed ang pregented
in the proper manner the child w11l soon realize that the concepts
¢°2 not only be known but also understood., Since words are necss-
S&ry to express our ideas and to understand the 1deas of another
person, it is evident that the child, from his earliest contacts
with arithmetic and its terminology, should be able to understang

those terms presented by the teacher. Learning involves not only
the meanings of many ooncepts but also the abillty to arrive at
an understanding of when, how and why these various runctions
operate. Bruecknerl believes that understanding is a more signifi-

cant concept than meaning as 1t indicates the satisfaction that

2 technical and social nature, The technical phase rofers to the

E

i 1954), p. 45,

lreo Je Brueckner, Improving the Arithmetic Program (New Yoriz,
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purely mathematical understandings which include uhderstanding the
technlcal vocabuiary} understanding the number operations and
their functions in social siltuations; understanding why numbers
operate as they do in the fundamental processes and understanding
the principles and relationships between numbers, their operations
and their use,

Arithmetical vocabulary, like the vogcabulary of other sube
Jects, should be first presented in its arithmetical context.

According to Klapper2

the definition of a term should never be
presented untll after the lesson has been comprehended by the
child. Even then, the definition 1s not to be given verbatim by
the teacher. Through class discussion the teacher is to secure
the important parts of the definition, which will, st the sermo
¢t time glve proof of the pupilst' comprehension. Following this, the
, teacher may then alter the language of the definition and put it
in its correct grammatical form. Memorization of a definition is
no indication of understanding and the abllity to apply the definiié
tion in a problem solving situation, Noting the inaccuracy of
terms often used in arithmetic and the substitution of words and
phrases for specific terms, Boyer, Brumfield, and Higgins state:
Many of the definitiona of concepts which have besn

formulated during the last century cannot be presented
formally in the classroom. Consequently, a large

2praul Klapper, The Teaching of Arithmetic: A Manuval for

 Tcachers (New York, 19217, pp. 09-100.,
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vocabulary of helping words and phrases has been developed
for pedagogiloal purposes, We must not forget, however,
that the existence of this terminology can be Justirfied
only because it enables the student to show growth in
dealing with quantities. , » « Many useless words have
crept into agithmetic vocabulary and some words are used
Incorrectly.

Smith,* in 1935, stated that the language of arithmetic 1s
often not the language used in everyday life. A child does not
say "Subtract whet I have paid and I will give you the remainder
or difference." More likely he would say "Deduct what I have
paid and I will give you the rest." One of the terms given as
an example by Smith 1is the word dividend., This term has an en-
tirely different meaning when used in school referring to the
process of division, and outside of school when it refers to the
nrofits of a stockholder, Other terms similar to this came into
arithmetic at the time it was taught by memorization of rules with
little emphasis on the understanding of these rules and their
application. Since this method’of teaching is no longer used,
Smith sees little practical value in retaining this terminology.

At a later date, Brune® notes that the language can efther

310 Boyer, Chas. Brumfield, and Wm. Higgins, "Definitions
in Arithmetic," Instruetion in Arithmetic, The Twenty~fifth
Yearbook of the National Cownoll of Teachers of Mathematics
(Vd"aShington, D. Co, 1960), PpP. 249-250,

4David Eugene Smith, "Retrospect, Introspect, Prospeét," The
Teaching of Arithmetic, The Tenth Yearbook of the National Council

¢t Teachers of Mathematlcs (New York, 1935), pp. 203-204, 206-207,

SIrvin H. Brune, "Language in Mathematics," The Learnine of
othematicss Its Theory and Practice, The Twenty-~Tirst Yearvook of

tne Wational Councll o Teachers ol Mathematics (Washington, D. C.ep
1953), pr. 156, 183-185,
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hinder or be a help to the learning proceas. The manner in which
language 1s used may produce a clear, easily understood concept or
it may only confuse and frustrate the child, alding in the devel-
opment of an erroneous coneept; Learning words without an éccomc
panying experlence is a hindrance to thinking. The vocabulary
used by a person generally suggests his intelligence and 1s =
reflectlon of his intellectual achievements. Verbalisms can be
found abundantly in the vooabulary of arithmetic. One needs only
to reflect on the days‘when he heard such often used expressions
as "Invert the divisor and multiply," "Cancel," "Reduce to lowest
terms," "Add the number of places in the multiplicand to the
number of places in the multiplier,™ and theh recall the absencs
of meaning and understanding these phreases had. The processzs of
arithmetic become mechanical with 1ittle or no understanding
behind them,

Boyer, Brumfield, and Higg1n36 cite the following character-
istics for good elementary arithmetical definitions.

l. A definition should contain words already defined or
sufflciently simple so as to be accepted as undefined.

2. The definition will usually be descriptive, i.e.,
correct but not necessarily complete. The child
should be given as much of the definition as he 1s
capable of accurately understanding at this specific
time.

3+ Finally the definition must be useful, This is the
most important of the eriteria because definitions are
the mathematicians tools used in attacking problems,

6Boyer, Brumfield, and Hlggins, p. 251.




”

Research ﬁndertaken by Brownel1” brought out the necessity of
preosenting arithmetic as a system~or‘related 1deas in whieh the
child must perceive a nead for learning theae concepts and have
the necessary concfetevoxperiences in order to develop them.
Often, as long as the olues‘are present in e problem the chilg
will respond aﬁtomatically. Take his cue away or reword the
problem and frustration arises followed by inabllity to solve
the same problem which before caused him little or no difficulty,
Endless drilling on each ruﬁdamental process does not insure
understanding and comprehension of the process.

Several reasons are given by Brownell® ror teaching meanings

in arithmetic, Arithmetic is no longer looked upon as & tool

'subjact, Emphasis is placed upon the why in problen solving as
well as how to solve 4t, Meaningful arithmetié is retained for
2 greater period of time and can be recalled_more easily,
Transfer of learntng is more likely to occur when the sub ject
mattor is‘eaSily understood, |

Drake® has divided arithmetical voocabulary into specific
classifications. Technical vocabulary which is related directly
to the field of mathematics and functional vocabulary which

Tam, A. Brownell, "When Is Arithmetic Meanihgful?" Journal
of Educetional Research, XXXVIII (Merch 1945), 482-484,

81b1d., 494,

9Richard U, Drake, "Vocabulary Instruction in Mathematics,"
“ethematlcs Teacher, XXXTII (April 1939), 167,
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though mathematical in nature functions outside the field of
mathematics, Other common divisions used are technical and semi-
technical terms or technical and social terms stressing those
having & purely mathematical conhotation and those used outzide
the field of mathematics as woll. Thers is no definite set pat-
tern of classifying the vocabulary of arithmetic,

Some of the language difficulties belleved to cause the
pupil trouble are those clted by Morton, 10
1. Technical vocabulary is often introduced before the
child is mature enough to comprehend it, These terms,
after being presented, 8are not used frequently enough

to provide retention,

2. Many unnecessary terms and phrases are used wilthout
an explanation on the part of the tescher,

5« Terms may often be explained correctly but the language

used in giving the explanation is above the level of the
learner,

4 The explanations of terms are often vague and not
adequate to allow comprehension,

S¢ Familiar words and éxpressions are often used in an
unfamiliar way,

6. Explanations which lead the learner to arrive at the
wrong conclusion do not give him an understanding of
the term in its relation to mathematics,

A study of mathematical vocabulary eppearing in current

poriodical literature was made in 1941 by Bertotti.11 In this

10R, 1. Morton, "Language and Meaning in Arithmetic," Educa-
tional Resesarch Bulletin, XXXIV (November 1955), 198-203.

11Joseph Bertotti, "The Mathematics of Current Psriodical
Literature,” Mathematics Teacher, XXXIV (November 1941), 317-319.
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study six consecutive issues of the Readers Digest were used. The

issues were thoroughly read and all mathematical terms underlined,
These were then rechecked by a second reader. A total of 3,130
mathematical terms were found in 340,185 running words, This
total terminology was compdéed of 360 different terms which were
then tabulated according to frequency. Seventy-five of the terms
occurred more than ten times, with per cent, the most frequent
tarn, occurring 184 times. From this list 285 terms were found to
occur less than ten times. Bertotti concluded that an Intelligl-
ble reading of current literature was impossible without an adequatd
knowledge of mathematical terminology.

Younglz states that one out of every ten words in our lanmuses
i1s found %o be a mathematical term. Some of these terms, as add-
end, quotient, minuend; and subtrahend have meaning in school dur-
ing the arithmetic perlod only. . They have no practical applicatier
to the childts 1ife and eﬁperiences outside of school hours. Othej
terminology 1s often treated in a Superfieclal manner and does not
produce understanding 6f terms. ' The number of technical terms
should be kept to the lowest minimum possible. Those concepts
taught should be developed to the point of understanding and mesan-
Ingful use of the term should occur in future classes.,

Not all pupils will respond to the learning of these terms

l2Wm. E. Young, "Teaching Quantitative Language,” Educat?on
Dizest, XXII (January 1957), 47, 49,
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at the same rate of speed. As in all other learning situations
Individual differences must be oonsidered. The slow learner will
need many more repetitions of the explanation regarding the same
term than the bright or even the average child. Nevertheless, he
must still be taught so as ﬁ; understand as much of the termin-
ology as his level of maturity permits.

When examining recently published texts in arithmetic, 1t
will be noted that one of the objectives of present day arithmetic
is to develop a meaningful vocabulary of useful technical termin-
ology which specifies ideas and the relationship between them,
Thus Alexander, seeing the need for such a vocabulary holds that
"ithe résponsibllity of developing and improving the gensral and
tochnical vocabularies that are agsociated with elemsntary
mathematies 1lies in the hands of the teacher."l3

‘As the teacher is responsible for developing the meaningful
technical terminology of arithmetic, it must first be assumed
that the teacher has a conscientious awareness of this terminology,
The clear concise meaning of each term and its application to the
arithmetical processes should be a part of every teacher's backe
ground before he attempts to develop its understanding in others.
In a report of a study by Gorman in 1938, it was found that twventy-~

five per cent of the teachers or prospective tedohers failed to

1'7’Burton F. Alexander, "Language Development in Mathematics
arough Vocabularies," Mathemetics Teacher, XL (December 1947),
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pess an arithmetic vocabulary test, There was a significant dif-
ference between the vocabulary known by teachers and the vocabu-
lary kmown by the prospectlive teachers.  Gorman advocatsd the
teaching of technical vocabulary to prospective teachers, easpecial-
1y those terms concerned ﬁith the fundamental opsrations of whole
numbers, the vocabulary of common and decimal fractions, terms
related to units of measurement and large numbers, both Arabic and

Roman.14

He also found a definite lack of knowledge in signs and
in the zbbreviations of terms.

Another aspect of vocabulary which the teacher must consider
is the method of presenting terminology. In trying to exprlain e
term, the teacher must be aware of using superfluous words which
might lead the learner to the wrong conclusion and develop misun-
derntanding rather than meaningful comprehension of the ternm.
v;hSwain and Cookel® caution the teacher in substituting what he
btelieves to be simpler terminology for the abstrect torm which
should be taught, Neither should the teacher alter the term in
any way because of difficulty in accurate spelling. Spelling of

2 term should be demanded in relationship to the ability of the

*4Prank H. Gorman, "The Arithmetic Vocabulary of the Elemen-
ary School Teacher," Elementary School Journal, XXXVIII (January
258), 378-379,.

4,

ot

l5E. T, McSwain and Ralph J. Cooks, Understandinz and Teach-
Ing Arithmetic in the Elementary School (Wew York, 1858Y), p. 314,




12
child. Glark and Eads'® belteve that mathematical terminology
should be used only after othep more comprehensible terms have
been used and understood by the pupil., Even then these ternms
should not be dropped in favor of the ﬁathematical terms but
1 should sti1l be used along with the technical térms.

Methods of teaching erithmetical vocabulary have changed
during the last three decades.  Pupils are no longer mere passive
listeners and the teacher the imparter of each minute detail of
arithmetic. The trend is in the direction of guiding and motivat-
ing the child to think and discover the meanings of the termin~
ology and its practical application to a given problem solving
situation, ‘By gilving the child less verbal help the teacher is,
in reality, helping the pupil to use and develop his powers of
reagoning. ‘

17

Koenker applies the fundamental principles of learning to

the acquisition of mathematical skills., These principles he
states 2g follows:

1. Learning should be orgenized and meaningful. Our nurbor
system logically organized is based on some value of the
power of ten,

2+ Leamming should be logical., The structure of our number
system 1s such that 1t wil} develop understandings that
cannot be attained by drill alone.

650 R. Clark and Leura K. Eads, Guiding Arithmetic Learn-
inz (New York, 1954), p. 81.

- 17Robert He. Koenker, "Psychology Applied to the Toachine of
Arithmetic," Arithmotic Teacher, V (November 1958), 261-2064,
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Loarning should develop gradually from the concrete to

the abstract. The child first needs concrete familiar

experiences before he can be expected to comprehend the
abstract, ‘

Learning 1s 1nten§ified and becomes more permencnt when .
the pupil 1s gulded to discover meanings for himself,

Learnings should Bé connectod with one another. The
brocesses of adding and subtracting should be carried
through to division and decimals sas well.

Learning should proceed from the whole to the individual
parts. This follows the Gestalt theory of learning,

Drill will best serve its purpose when it follows mean-
ingful learning rather than preceding 1t,

Learmning must be systematiocally presented in an organized
program.

The goals of learning should be made known to and under-
stood by the pupils,

liotivation is nebessary in order to have the child form
a favorable attitude toward the learning situation,

Teaching arlthmetic vocabulary to insure comprehension and

understanding is the problem of the individual teacher. Ths

methods, techniques, and devices used will differ with the teacher

according to the ability and maturity level of the members of

hig class, Alexanderl8 believés that the teacher hss certain

obiigations concerning instruction in arithmetical terminology,

He must realize the important role reading plays in solving

arithmetic problems. The growth of an arithmetical vocadbulary is

something real although it 1s a slow gradual process. Here the

: Teachor must be aware that chlildren tend to use terms with some

18

Alexander, p. 38¢,
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degree of accurateness but often without a real knowledge of their
correct meanings. The growth of an arithmaﬁical vocabulary 1s a
reflection of the teacherfs skill. It is his responsibility to
set up the aims and functions for teaching vocabulary and to use
the suitable methods andtechhiques to accomplish the desired
objectives,
| At the very boginning of his elementary school days a child
encounters many different technical vocabularies. Cne of these
wnich he 13 expected to develop and retsin through the years is
the vocabulary of arithmetic., Yet until recert years 1ittle
emphasis has been plgoed upon helping the child acquire this
- specific kmowledge. Growth in mathematical vocabulary, 1like any
other leamrming process, should of necessity be a slow, gradual
but meaningful growth,

Hollister and Gunderson19 in discussing the vocabulary of
children in the primary grades state that an sccurate arithmeticsal
vocabulary should be built from the very beginning of grammar
school dayss At this level terms should be used in context so as
to develop the'correct understanding of the term as it applies to

arithmotic, Kerfoot<® reminds the primary teacher that the

lgGeorge E. Hollister and Agnes C. Gundersoh, Teaching
Arithmetic In Grades 1 and 2 (Boston, 19%4), pp. 99=T00.

20James F. Kerfoot, "Vocabulary in Primary Arithmotic Texts,"
Ihe Boading Teacher, XIV (January l961), 177-178,
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vocabulary used in arithmetic has not been introduced in the
reading class. Therefore it is the duty of the teacher to provide
the necessary instruction for the arithmetical vocabulary. This
instruction should lead to the development of the reading vocabu-
lary as well as the buildiné of arithmetical concepts., New
terminology should be introduced as the child progresses and is
ready to undértake the meanings of new terms. A child is not
ready to continue on to a new learning experience 8imply because
the teacher has presented a term the previous day. Concrete
learning experiences and continued repetition until the child
grasps the meaning of the term in its abstract form are essentisl,
;The appount of time spent on vocabulary development varies sccord-
ing to the experiential background of the members of thé class,

A study was undertaken by ChaseZl concerning the words used
in arithmetic btextbooks. It was conoluded that the words olten
used in these books are not found in other fields of learning,
Problems often presented conditions not true to 1ife. They use
vocabulary not suited to the pupilts experlences and often not

even known by the pupil. Fifteen years later Pressey and Moore,22

ZISara E. Chase, "Waste in Arithmetic," Teachers Collece
Azcord, XVIII (September 1917), 370. .

221, C. Pressey and W. S. Moore, "The Growth of Mathematieal
Vocabulary from the Third Grade through High School," Scheol
Hoview, XL (June 1932), 452,
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2s a result of their investigation found that sSome terms were
learned at an-early age and were retained. Others wers learned in
the grade where they were taught and were then forgotten. St111
others were acquired gradually at various levels while some terms
were never mastered, The ﬁést used consisted of 106 technical
terms. Of these tarms'?ighty-nine Wwere never mastered by more
than fifty per ceht'of the pupils and only thirty-six were
mastered by ninety-five per cent of those tested,

Buswell and John<® from their resesrch found. that puvils in
 the same grade level differ in the size of their arithmetical
vocabulary. Growth in the terminology 1s not at a standard rate
fop 11l children in grédeé four to six. It was also noted that
the ability ﬁo respond correctly on one typelof test does not
¢ indicate complete comprehension of the term,

_ &n increase in the. knowledge of techhioal vocabulary can be
brought about only’by training and concentration on the terms
when presenting them to the class, Dresher 4 says that training
helps to understand concrete problems. Faiiure to understand the
terminology indicates failure to comprehend the ideas represented
by the terms which must necessarily lead to failure-in avplying

the correct solution to the problem.

23Guy T. Buswell and Lenore John, The Vocabulary of
P&l"ithmotic (Chicago, 1931)’ P 410

24Richard Dresher, "Training in Mathematios Vocabulary,"
Educational Research Bylletin, XIII (November 1934), 203,
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The teacher often assumes the child understands more of the
vocabulary than he actually does., In solving reasoﬁing problens,
unfamiliar terminology and irrelevant data lead to confusion and
lack of comprehension by the_learner. Pressey and Elam referring
$o the relationship of probiem solving and vocabulary "are cone
vinced that one outstanding source of error in arithmetic prob-
lems and of antagonisms toward arithmetic lies in the fact that
children do not know what the words mean. Most investigations of
the matter seem to show that knowledge of subject matter and
mastery of technical vocabulary go hand in hand.“25

Many sources of difficulty arise in arithmetic which are
vased on the child's inability to read and understand the concepts
used in the problem. A slow leerner in fifth or sixth grade, with
poor reading ébility and limited intellectual powers, will by the
very rature of this disability be unable to solve & problem at
that level. Therefore he should not be expected to solve ths
same problerms as normal fifth and sixth graders but should be
siven those sulted to his ability. 1In order to attain some feel-
inz of success, easier problems should first be given to the slow
learner and then gradually he should be led to attempt the more
difficult problems. An immature child, according to Clerk and
Eads,26 attempting to solve a problem beyond hiskoapabilities will

251, ¢. Pressey and M. K. Elam, "The PFundamental Vocabulary
t of Blementary School Arithmetic," Elementary School Journal,
ZVIIIT (September 1932), p. 50. ‘

2601ark and Eads, p. 261.

;
£
N
£
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invent his own method in order to have the feeling of success.
Since he cannot comprehend the necessary relationships he will
tend to 1lgnore the words elther becausé he cannot read them or
they make no sense to him. He will then be concerned with the
numbers only. His decision fb add, subtract, multiply or divide
will be determined by the way the numbers look to him.

Reading involves the understanding of words used in exXprsss=-

i

13

g anotherts ldeas, It is of major importance in problem solving
situations, If the learner finds the words unfamiliar he is
already handicapped in arriving at the correct solution. Should
these terms be of vital importance to the accurate solving of the
. problem there is little hope for a correct solution.
Erusckner® lists the following reading ebllities as
~0 sentlal for the development of an effective arithmetic program.
l. The ability to read numbers and comprshend their meaning..
2. Reading involved in learning numbers and their operations.,.
3+ EKnowledge of arithmetic vocabulsary.

a. technical terms

b. units of measure and their abbrevistions

¢+ quantitative vocabulary used in social applications -

- i« Reading skills necessary for reading and solving textbook
problems,

5. Ability to interpret charts, graphs, maps, and tables,

6. Skills needed to macquire information in stuaving the so=-
clal aspects of arithmetic.

2Tarueckner, pp. 52-57.
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Emphasis has been plach,primarily on computational skills, In-
struction in specific reading skills so necessary to the study of
arithmétic has been neglected, ‘There ia a need for greater
integration between reading and arithmetic, |

According tO'Grossnick1; and Brueckner28 the various ideas
conveyed Ly the arithmetical vocabulary are a contributing factor
to the reading difficulties of the problems. words norﬁal to a
fourth grade childtg vocabulary appearing in the first twenty-five
hundred words of the Thorndike word List can often cause difficulty
in reading and comﬁrehension. "Phe square of the sum of two
numbers is equal to the. square of the first number added to twice
the product of the rirsﬁ and second number, added to thé square of
the second number."2? while a fourth grade child would probably
' know all of these words in isolation or in his reader, when used
bin this methematical context, they have no meaning and he is
incapable of comprehending the ldeas these words are trying to
¢ convey.
BrinkBO notes that.almost overy page of an arithmetic text-

book contains some technical terminology. If a tg&cher is to

28Foster E. Grossnickle and reo J. Brueckner, Discovering
Meanings in Arithmetic (Philadelphia, 1959), p. 325,

29w111iam E. Young, "The Language Aspects of Arithmetic,"
Schocl Science and Mathematics, LVII (March 1957), 172.

3%1111em G. Brink, Directing Study Activities in Secondary
Schools (New York, 1937), pp. 525-575.
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| direct study skills he must be sure that the pupils can read
intelligently the printed matter of the text. In arithmetic the
learner needs skill in reading for detalls. Besides the under-
standing of the technical vocabulary so necessary to problem
solving, common words are oféen used that have a mathemstical
connotation. Here the learner mst be sure to know the exact
meaning of the word used in its arithmetical context. -

Johnson3l made & study to determine the amount of improvement
ﬁade in problem solving after specific instruction in arithmetie
vocabulary. A comparatively .homogensous Junior high school popu~
lation was used., fThe testing was done as part of the regular
arithmetic period. The asctual experiment lasted for fourteen
weeks and covered . five chapters in the text agreed upon by the
 teachers. fThe experimental period was divided into three sections
Cach period was preceded and followed by vocsbulary and problem
solving tests. Emphasils was pleced on the acquisition of vocabu-
lary rather than computational skill. At the expiration of the
fourteen weeks the experimental group was found to have made greati
er progress than the control group in vocabulary and problém solv-
ing. A test administered three months later still found the
experimental group superior to the control group in the retention

of knowledge. Johnson concluded from his study that training in

31Harry C. Johnson, "The Efféot of Instruction in Mathematicsl
Vocabulury upon Problem Solving In Arithmetic," Journal of
Edvcatlonal Research, XXXVIII (October 19Lk), 97=IT0:
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arithmetical vocabulary should begin as soon &as the formal study
of arithmetic begins. Regular use of the terminology would insure
retention of the knowledge gained.

Schorling32 lists four steps in problem solving.

1. Sensing the problem. The child should be able to under-
stand the circumstances under which the problem arises.
He 1s more likely to understand the problem if 1t is re-
worded in his own vocabulary since technicel vocabulary
is not a part of his life,

2. Appralsing the data. A problem solving situation should
contain irrelevant data as well as necessary data. The
learner should be able to select only necessary informa-
tion involved in the solution of the problem.

3. Analyzing relations, A reasoning problem depends upon
the ability to visualize the conditions of & problem, a
knowledge of how to plan 1ts solution, and the ability to
judge the reasonableness of the answer,

i« Computation. The learner must have the abllity to per-
form the actual computation once he has decided how to
.80lve the problem.

- Scmz practical principles given by Schorling for problem
solving are to glve special attention to the teaching of reading.
ilost difficulties in problem solving arise from inability to read
or are due to a low 1ntelligence}  O0ften it 1s due to a comblnatioer
of the two. 8Schorling advises ﬁhe teacher not to rush the child
into precblem solving situations. ‘The maturity and experiences of
the learnsr will be great assets to the teacher. His third
principle is to train the learner in the analysis of a problem.

This series of steps is one type that can be used.

32Ralaigh Schorling, The Teaching of Mathematics (Ann Arbor,
{1936), pp. 109-115.
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1. Read the problem carefully and know the meanings of sll
the»words.

2. Decide what you are askad to‘rind.

3. Note thé given‘facts asvﬁell as those which are implied,

L. wmMake a decisioﬁ &8 to the operation that should be used.

5. Estimate the answer.

6. vork the problem.

The pupil should be allowod to solve reasoning problems according
to his own method not according to a fixed standard set up by the
teacher. The slow leasrner will use a simpler me thod thaen the
average or bright student.

Clark and Eads33 identify a child as beiné ready for problem
solving if he can find the solution rgadily and in more than one
WiYe He should have an explanation-as‘to why he used a particular
mzthod. Irrelevant data should not confuse him, Ability to talk
obhout the problem and the circumstances under which it might occur
as well as the abllity to formulate problems of his own with
€imilar situations are all 1ndications of readiness for attacking
problem solving situstions with accuracy.‘

BruecknerBu states that difficulties arising in problem solv-
ing stem from one or more reasons. These he believes to be low
mental abllity, limited envirommentsal experlences, lack of reading

obillity, and poor methods of instruction.

33clark and Eads, p. 262,
3uBrueckner, Pe 78,
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A teacher interested in improving the arithmetical vocabulary
of his students will use to the best possible advantage any con-
crete materials that are available. Grossnickle, Junge, and
e tzner 35 state that these materlials can include anything that
will be a help to the learning process., The success of a meaning-
ful arithme tic program depends upon the materials used as well 2s
the methods of instruction. These materials should be objects
that can be handled such as charts, plctures, diagrams, and other
manipulative objects. schubert36 suggests games Ilnvolving ths use
of terms such as building a 113t of words that are related to a
baslc term. Another idea that could be of valuable &ssistance is
to let the brighter students help those who are having difficulties
Grossnickle and Brueclmer3! cite the use of community resources
and field trips in helpinglthe children see arithmetic in action
as an lmportant part of daily life. Messuring instruments and
devices can be studied in relation to their use in industry. The
background end history of arithmetic can be explored through the
‘use of the iibrary. To arouse the interests of students 2 special
mathematics club can be formed to enrich their arithmetical

experisnces,

3SFoster E. Grossnickle, Charlotte Junge, and wWillileri Metzner
"Instructional Materials for Teaching Arithmetic," The Teaching of
Arithmetic, The Fiftieth Yearbook of the National Soclety Ior the
Study of Education (Chicago, 1951), pp. 164-165. ‘

36Delwyn G+ Schubert, "Formulas for Better Reading in Math-
ematics," School Science and Mathematiocs, LV (november 1955), 651,

37Grossnickle end Brueckner, p. 367.

P
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Varlous means of evaluating the 1earn1hgs of arithmetic ha#e
been given by educators. Brownell38 rates the paper and pencil
test as the most common test used by teachers. He notes however,
that this type of test measures isolated knowledge rather than
knowledge under practical ci;cumstances. Scores of such tests
have a tendency to be misinterpreted. Morton3® holds that tests
often neglect to measure the more important aspects of arithmetic.
The true and false type test when used in srithmetic usually
measures the chilldts knowledge of facts. The multiple choice
test while also testing factual knowledge glves the learner a
chicice from thres or more possible snswers which seem reasonable,
; The matching and completion tests are not wideiy used in
arithmetlc.

Paper and pencll tests are usually concerned with measuring
computational skills and problem solving abilities. Other phases,
such as an understanding of the number system, estimating answers
and rounding numbers are ignored.

The standardized tests are considered superior to any type
of teacher-made test used in arithmetic. The advantages and

limltations of these tests are given by Morton.uo Fsotors in

38William A. Brownell, "The Evaluation of Learning in
Arithmetic," Arithmetic in General Education, The Sixteenth
Yearbook of the Wational Gouncll of Teschers of Mathematics

(17aw York, 1941), pp. 265,

) 39Robert Loe Morton, Teachlng Children Arithmetic (New York,
1953), pp. 519-520.

k01d., pp. 520-525.
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favor of the standardized tests are the preparation of these tests
by experts in the. field of arithmetic; two or more equivalent
forms of the test comparable in difficulty; class snd individual.
ratings are given according to set norms snd standards. while
these tests have definite advantages they also have their limita-
tilons. They tend to test only computational and ressoning skills,
With this fact in mind, teachers often drill only on these skills.
in order to prepare the puplls for the test. OQther limitetions
are the emphasis placed on speed in these tests and items not yet
taught are encountered by the learner.

The importsnce of diagnostic testing is stressed by Grosse-
: nickle and Bruecknerhl in order to find the individual pupil's
weaknesses in arithmetic, These tests should be given at the end
of each unit before beginning new material., fThis enables the
teacher to correct any errors in the 1?arﬁer's comprehension of
the sub ject matter before he attempts to acquire new'knowledge.
The use of the case study method can also.bq of valuable assistanc:
to the teacher. Indicating where the child is making his errors
and having him solve the problem orally gives the teacher some
knowledge of the reasoning used by the child.

Sueltzlt2 suggests a written test followed by an interview

hlGrossnickle end Brueckner, pp. 38}, 388.

heBen A. Sueltz, "Measuring the Newer Aspects of Functional i
Arithmetic," Elementary School Journal, XILVII (February 1947), 326

L8
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and discussion with the teacher as one valuable measure of learning
in arlthmetic,

Spitzeru3 recommends a variety of tests to be used in evalu-
ating arithmetlcal learnings. Since many uses of arlthmetic in
daily life involve mental skiils, the use of oral tests is sugges-
ted. Everyday arithmetic problems seldom reduire an exact answer,
therefore pfoblems should be given thst ask for approximate answers
only. The language of the textbook should not be used in testing.
This 1s likely to test the childig memory of textbook language
rather than comprehension of the actual concepts.

‘Alexander lists the following criteria to be taken into
consideration when teaching the vocebulary of zrithmetic %o
children.

1. "The language should be within the maturity, range,
and understanding of all the pupils.

2. The language should be based upon the.actual needs and
life experiences.,

3. The teacher must have complete knowledge of the language
of mathematics end its varied applications.

L. The vocabulary should be selected in terms of the aims
and content of the course of study in mathematics."

M3Herbert F. Spitzer, "Procedures and Techniques for Evalua-
ting the Outcomes of Instruction in Arithmetic," Arithmetic 19,8
(Chicagog 19148)’ PPe 18"20.

)Qf';lexander, P 390 .




CHAPTER IX
DETAILS OF THE RESEARCH

The testing program for this research was carried on in a
large parochial school on the south side of Chicago. The =school
contains four classrooms of fifth grade students taught by lay
teachers and four classrooms of sixth grade students tsught by
the Sisters. Each room, at the beginning of tha school year; had
been grouped homogeneously according to reading ability. Thare
wes a further grouping within each room into the basic group or
these readlng at grade level or above and the corrective group
or those reading below grade level. Group A contained those
children with the highest reading scores according to the Stanford
~Achievement Tests. These camprised the basic group. The correc-
tlve group was composed of the students having the highest scores
among the children below grade level., @Group B included the
children with the next highest scores at both levels with Group C
containing those children with the scores just below Group B. Th
lowest basic or grade level group and the lowest of the correoctive
or below grade level were placed in Group D. This sams situatiqn
cexisted in both fifth and sixth grades. No rearrangement of this

grouping was found to be necessary for the testing program. Tests

27
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were to be administered to all the children in each room regardles
of abllity or lack of abllity to perform on the tests. Exception
was made in the case of three fifth grade pupils who wore absent
at the time of the testing and were no% able to return to school
for several weeks. The L é;oups et the fifth grade level con-
tained 163 children as did the 4 groups at the sixth grade level,
making a combined population of 326 children used for testing
purposes.

Several rifth and s8lxth grade arithmetic texts wore examined.
A study made of the terminology of thesze books was found to be
similar to the vocabulary used in the series Growth in Arithmetic.

This was the text used by the fifth and sixth grade children who
participated in this research project.

A 1list of the arithmetical teruinology used in the fifih and
,8ixth grade books of this sories was compiled. From this 1ist
seventy~-eight terms were selected which éppeared to occur frequent
ly throughout the text: Terms and symbols pertaining to the
fundamental processes, fractions, decimals, and units of measure
were chosen. Terminology used in daily life was also included in
the list of arithmeticai,vocabulary. Some of the terms were
common to both fifth and sixth grade arithmetic, others were
indlcative of sixth grade sritimetic only. Seventy-five of these
terams were to be used in construction Test I, s test of arithmeti-

cal vocebulary concérned with the definitions of the given terms.

Twenty-~two of these sevonty~five terms and threo additional terms




were to be incorporated in Test JI, a problem solvina test
involving the use of arithmctioal terminology. ‘
Table I, below,}indicatos the terms selected from the fifth

Thess terms have been classified under term

and sixth grade test,
inology related to the fundamental processes, fractions, decimals,
units of measure, counting measurea,‘terminology used 1in daily 1irf¢
terms relativg to the'measurement of figures, and five miscellan-
eous terms. The terms listed in the table ineclude those used in
both Test I and Test IT.

TABLE I
ARITHMETICAL TERMINOLOGY

Fundamental

processes Fractions Decimals

addend mixed number two places to the 1ert
borrow lowest terms decimal point

minuend comrion denominators | hundredths

product improper fraction decimal fraction
remainder equal fraction Daily life

subtrshend cancellation ey tiiating

dlflference denoninator reduced

ruitiplier common fraction selling price

D:rti 1 p"oduéts

Invert

as much as

rmul tiplicand of P. M.
divzdend terms purchased
quotient unlike fractions earned
divisor . - deposit
total Units.oq measure ingome
sun century. capacity
divided by leap year reasonable

square inch twice .
rQss
280 ft. Measuring terms
cubice foot square
' 2000 1bs, rectangle
Miscellaneous dozen Yorimeter
Roman mumerals foot ength
gravh " volume
veight Counting measures dimensions
avorage place value depth
: annexed
millions

tens place
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The vocabulary test was to be constructed in two parts. A
preliminary multipie-choice test was devised using seventy-five
terms in lsolation and giving those tested s choice of four
possible answers. The test was then administered to 287 pupils as
a trlal test. After checkiné’the results of this test, changes
were made in those items where the wording was not clearly under-
stood. In some instances the pupils inserted what they thought
was the correct definition of a term rather than using one of the
possible choices. The answers that appeared loglcal to the chlld
manner of reasoning were inserted in place of one of the original
possible answers. The test was then rewritten in its final form.
To facllitate correctlion of the papers an answer sheet was also
drawn up for this test. A copy of the test and the answer sheet
appecar in Appendix I.

Part two of the vocabulary test was composed of twenty-five
terms concerning arithmetical terminology used in context. .Twanty-
two of these terms appeared in the first part of the vocabulary
test whlle the remalning three were introduced as néw terms 1n the
second part of the test. The purpose of the second test was td
determine whether pupils responding correctly to a term used in
isolation could respond in the same manner when the term occurs in
a problem solving situation. Preliminary testiné was conducted
and revisions were made in the test. No answer sheet was needed
for thls part of the test. Computations were kept simple and

sulficlent room was allotted for working the problems on the test
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paper. See Appendlx II for a copy of this test,

Final copies of both parts of the test were duplicated as
woll as the answer sheets for part one.

Copies of several standardized arithmetic computation tests
were examined. It was decidéd that the Stanford Intermediate
Arithmetic Computation Test, Form K would be used. This test
comprised 6f forty-five exercises requiring only the use of
computational skills appeared to be the best standardized test
suited for thils research, The primsry purpose of administering
this test was to determine the ebility of the fifth and sixth
grade students tested to solve exercises not dependent upon a
kndwledge of arithmetical vocabulary. . In this test the child is
Siven a chcice of foupr possible sanswelrs. 'Thraa of the Iour
cholces are possible correct snswers while the fourth clhiolcs
apresents an answer that is not given. The test requires the
student to know the mesnings of such bssic terminolegy as eadd,
subtract, and multiply. It is also necessary for the pupil to
know the meanings of the symbols “+s T"» X, and ==, The test
includes problems involving the computation of whole humbers,
fractions, decimals, and denominate numbers, as well as one prob-
lem In finding the average, one ln percentage, and two problems
requiring ability to read graphs. Space is providod on the test
paper for marking the answers. The actual computation of the

problems had to be performed on separate paper since space was not

i 2llowed for solving the problems on the test paper. These papers
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were then checked against the cholce of answers. on the test paparsl
It was found that in some cases the computation was performed
correctly on the one paper but the wrong answer was marked on the
test paper. In such instances the problems were considered as
correct, -

Mental maturity 1s at times e controlling factor in the pu-~
pilts ability or lack of ability to perform at grade level,
Intslligence quotients were determined for each pupll tested
accordihg to the Qtis Quick-scoring Mental Abillity Tests: Beta
Test, Form Em, To facilitate correcting the separate answer sheet
édition was used,

The tecachers were consulted and the proposed resesrch was

xplained to them. Each was asked if he ﬁould be willing to
2llow his class to participate in this projeot. Assursnve was
given that the work of administering and correcting the tests
would not be allocated to the teachers. Every effort was made to
insure each teacher that the results of the tests would not be
used for purposes of compsring onc toacherts work with that of
other teachera. The only thing asked of the teacher was that he
e wllling to permit the testing to take place during class time.
In =all cases the teachers were found to be very cooperative,
The actual testing program at the fifth grade level was con-

ducted by the principal of'the school. Two of the sixth grade

teachers volunteered to do the testing at that level. Before

administering any of the tests, each test was thoroughly explained




23
to.the prineipal and the teachers., Expliclt instructions for each
test were given.  Manuals for the sarithmetic computation test and
the intelligence test were examined and explained. A time limit
of forty minutes was given for the first part of the vocabulary
test and twenty minutes was éllotted to the second section. This
perliod of time was found to be sufficlent for all students to
finish the entire test without difficulty. The test was to deter-
mine the understanding of certain concepts and was not besed on the
speed with which the questlions could be answered. Tlime limits for
thie computation test and the intelligence test were obtained from
the menual of directions.

The testing covered é period of one week, One test was ad-
ministered to each group every day. The last day wes used for
testing those students vwho hed been absent on any previous day and
werd missing any of the tests,

All tests were carefully cheéked and scored. Each paper was
rechecked and in the event of errors found in the rechecking, the
pepers were then glven to a third person for'correction.

The limitations of this study should be taken into considera-
tion. The vocébulary tests used in this research presuppose somo
Imowledge of reading skills on the par t of the population tested.
It is possible that some of ‘thes pupils tested woﬁld have been able

to define the terms orally if asked to do so. gjc§@yqu;1‘ erviews
."\{' .t s .
with any of the puplls were conducted. ; %ﬁgxetﬁthe rithmeti$
Aot
cal vocabulary is based upon the written tdét‘f&pﬁaasvgho ocabulaxy
. " nl\?\\(

W



text at the fifth énd sixth grade levels.

-

-

test includes a selected part of the terminology of one arithmetiec

A broader sampling of
such materials might give additiocnal informat ion, - |




CHAPTER III

ANALYSIS OF RESEARCH

Each grade used for testing purposes-was divided into four
rooms. In the discussion of the test results the groups in Graae
5 will be classified s Ay B, Cy and D. The groups in Grade 6
will be referred to as Al, Bl, Cl, and D1.

An analysis of the terminology appearing in both vocabulary
tests will be made to show the dependence of problem solving upon
2 comprehsnsive knowledge of the vocabulary contained in the
problem; These terms will be discussed according to the order of
classification previsusly given in Tabie I. Statistical results
for esach group and for each grade will attempt to show the differ-
ences existing between the groups and each grade. By means of
partial correlation, the relationship between arithmetic computa=-
tion and arithmetical vocabulary will be discussed.

Terminology related to the fundamental processes that appeaed
in both tests were addends, minuend, product, and quotient. The
results of Test I showed that seventy per cent of the fifth grade
were able to define the term addends correctly. .The term minhend,
appearing twice in Test I was defined by twenty-four per cent of
thoe entire group while forty-two per cent were capable of identi-

fying a minuend in a glven subtraction example. Product, a term

35
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which often csuses many children difficulty was defined correctly
by fifty-five per cent of Grade S with seventy-three per cent able
to ldentify the product in g given multiplication exercilse. Quo-
tlent, a term relsted to the rrocess of division was correctly de-
fined by sixty~seven per cent of the fifth grade populeation., Tabic
II gives the per cent of correct responses'for each term related
to the fundamental processes in both vocabulary tests. The re-
sults for each group and for the combined fifth grade are shown,

TABLE IX

PER CENT OF GORRECT RESPONSE FOR TERMINOLOGY
RELATED TO THE FUNDAMENTAL PROCESSES

FOR GRADE 5
Term GROUP
A B C D TOTAL
Addend _ ~
Test I 76 - 57 68 17 70
I 76 62 76 80 T4
Minuend |
Test I .
9 26 22 24 25 2l
26 LS Ls L1 37 L2
Test II 33 17 17 17 21
Product |
Test I ,
13 | e 37 3y 68 55
31 9g 70 5l 72 73
Test IT 6 30 22 ‘52 L2
Quotient 88’ - p e 6o
Test I -
II 86 L5 Sg 60 62

Y

An analysis of the results of Test IT as indicated in Table 11
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shows & 3light Increase in the per cent of corract response in the
application of the term addends to a~speo1f1o problem. An 2dd4i-
tlonal eight per cent connscted the torm with the pbocess of
addition but failed to perform tho correct computation. =Eleven
per cent 2ubdracted the giveﬁ'numbers. Group A maintained the
some score on both tests. All othor groups showed a slight
increase in‘the per cent of correct response for Test II.

The term minuend though introduced in the 16w¢r grades still
appears not to be understood by many of the students. In iten
nine of Test I, the pupils wore asked for the definiﬁion of
nintend. Twenty=-seven per cent of the fifth grade puplls defined
the torm as the number you subtract, twelve ver cent as the
ansver to a subtraction exercise, and thirty-five per cent said
the aﬁswer was not given; An Iincrease of correct response was
shown for item twenty~six which asked for the identification of
the minuend. The most common error made by thirty-seven per cent
of the class was to identlify the subtmhend as the minuend.

Comp ring the results of Test I with those of Test IT, all scores
showed a decline in the rate of correct response., Given the
subtrahend and the difference, only twenty-one per cent of the
fifth grade performed the correct solution. The most notadble
crror was to subtract the difference from the subtrahend, calling

the answer 209 the minuend. This error was made by fifty-two

per cent of Grade 5.
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Chaos is often caused in the mind of & child when he encoun-
ters the term product unless he understands its ﬁeaning as used 1
arithmetic. As shown in Table II the best response to the term
was in item thirty-ons of Tést I where identification of the |
product for a given multipliéation example was necessary. Wwhen
Taced with the actuality of solving for a product in Test IX, the
per cent of correct response decreased. Forty-two per cent
correctly applied the term with an additional ten per cent select-
ing the correct process but falling in the computation. Thirty-
four per cent of Grade S5 applied the tefm'to addition, six per
cent to subtradtion, and eight per cent did not work the problem.

The term quotient, correctly defined by sixty-nine per cent
- of Grade S_showed & slight decrease in correct response on Test II.
Groups A end B scored lower on Test II with Groups ¢ and D scoring
slightly higher. Table II shows slxty-two pér cent responding
correctly on Test II. The correct operation performed by twenty-
three per cent of“the class showed fallure in the computation of
the problem. A common error was the omission of the zero in the
quotlent, giving 19 rather than 109 for the answer. TLack of a
clear understanding of the term was indicated by ten per cent of
the fi1fth grade members who listed the dividend or divisor ss the
quotient and by eight pupils who did not attempt the problem.,

Among the sixth grade population there was a larger rate of

correct response for each term in comparison to the fifth grade
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responses. The term addends gave littls difficulty to any of

the groups in either'Tost I or Test II. The poorest response was
made by Group ¢l in the &pplication of the term in Test IX. PFour
per cent of the class subtracted the given addends while seven
par cent using the process of addition failed to secure the
correct answer,

A study of Table IIT andthe results of the term minuend shows
the best response made was in the identification of the term with
a given number from a subtraction exercise. All groups in the
sixth grade show a marked decrease in the rate of correct response
for the same term in Test I1T. Forty-seven per cent of the |
population tested solved the problem correctlf while forty-five
per cent subtracted the difference'from the subtrshend as was -
done by Grade 5. fThe definition of the term minuend was known
to sizty-four per cent of the entire sixth grade. |

The poorest response to the term produst ocourred in Test IT
with sixty-nine per cent of the olass,ﬁnswerin& correctly.
Eighteen pupils in rosponse’to 1ﬁom fifteen of Test I said they
would add the numbers 1f aakod'tc find & product. In Toat IIX
however, thirty-two students believed they had correctly solved
the problem by adding. Three puplls subtracted ;he given numbers
and one divided. The best response as shbwn in Table IIY was to
item thirty-one of Test I calling for the identification of tha
term with & given multiplication exercise to which ninety per cent

or more of each group gave the correct response.
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TABLE III

PER CENT OF CORRECT RESPONSE FOR TERMINOLOGY
RELATED TO THE FUNDAMENTAL PROCESSES .

FOR GRADE 6 <
Torm - Grouwp )
Al Bl cl Dl Total
Addend { g ‘
Test I 95 98 93 85 93
Test IT 85 90 76 .88 85
Minuend | .
Test I ' P g ~
Q 77 7 1l 51
26 85 83 0 68 g%
Test I 62 hﬁ ﬁl | 39 L7
Product .
Tast Y , )
15 82 85 71 68 77
31 92 93 93 90 92
Test II 70 76 71 59 69
Quotlient g
Test I 97 88 8 Q0
Test II 86 ES 56. go : 02

The rate of correct Tresponse for the term quotient ahows a
deoroase of twenty-eight per cent between Tests I and XX. All
groups In Grade 6 showed a poorer response in spplying the tem
then in ldentifying 1t with Group Bl dropping from ninety-five
rer cent to forty-five per cent on Test II. Nine per cent of the
class errors were made in division with the common error the

omission of the zero in the quotient. Only one ‘child .. . the
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dividend, one the divisor, and three failed to work the problem.
One canlld changed the préblem to a fraction problem and then pro-
ceeded to solve it correctly.

The vocabulary'tests showed little understanding of most
of the terms related to fractions and their operations. This
was found to be especlally true of those terms pertaining to the
multiplication and division of rractions. The study of fractions,
begun simply at the fifth grade level, is primarily knowledge
to be attained from sixth grade arithmetic. The per cent of
correct response for Gfade S'for terminology conceming fractions

is given in Table IV.

The term mixed numbers was correctly defined by ninety-three
‘per cent of Grade 5 with elghty~seven per cent sble to recognize

a mixed number in Test II.

Equal frasctions, fhough introduced in fifth grade when the
study of fractlions is first begun, 1s not clearly understood by
a majorlity of these students. Thg poorest response was made
by Group ¢ with fifty-nine per cent defining €h§ térm éérrectly
but only thirty-seven per cent able to identify a set:of equal
fractions. Group B showed the greatest decrease in the rate of
correct response dropping from elghty-five per cent on Test I to

a twenty-five per cent correct response on Teét II.
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TABLE IV

PER CENT OF CORRECT RESPONSE FOR TERMINOLOGY
RELATED TO FRACTIONS FOR GRADE 5

Term 1 _ Group
A B c D Total
Mixed numbers : .
Test I 98 95 90 87 93
I 90 80 93 85 87
" Equal Fractions " '
Test I |6 85 59 62 68
’ IT L : 25 37 50 Lo
‘Cancellation
Test I |38 L5 20 30 33
IT |2 T 39 0 12
Lovest terms : ‘
Test I |83 52 66 65 67
II |52 50 | 63 67 53
Invert ‘ | |
Test T 52 52 66 37 52
IT 12 15 63 2 23
Cormion denominator ‘ -
Test I 19 27 2l; 22 23
II 33 . 62 2 70 L2
Improper fraction ' | |
Test I |57 60 68 L5 58
II 26 | S 15 12 15
o | lﬂ: 5 1# 27
"Test I 10 3
IT |48 42 39 35 Ikl

§

Table IV shows a very poor response to the term cancellstion

by the fifth grade. This terminology introduced at the sixth

i Lrade lsvel 1s therefore unknown to most fifth grade students.
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Thirty-three per cent of the combined fifth grade were able %o
define the term but only twelve per cent understood the process of
cancellation sufficiently to work the problem on Test II correctly
The application of the term was known by thirty-nine per cent of
Group ¢ but only two per_cenk-of Group A, containing the brighter
"chlldren had the correct responsé. No child in Group D was capa-
ble of appiying the term, Porty-rour per cent of Grade 5 made no
attempt to solve the problem.

Another arithmetical term related to fractions ig that of
iowest terms whichlis'formally introduced at the fifth grdde
level. According to Téble IV, the definition of the term had s
greaver per cent of correct response than did the application of
the term in Test II. Group D was an exception to thls with a
score two per cént higher on Test IT.

Invert, another term introduced in the sixth grade was
known by few fifth grade students. The meaning of the term invert
was known to fifty-two per cent of Grade S but only twonty-throe
per cent of the class knew how to invert in Test IT. Scores on
. Test IT for all groups were.lower‘than the scores on Test I.

Group A showed the greatest decrease in scores while Group C had
tho least difference between the two tests as is shown in Table IV
Thirty-five per cent of Grade 5 did not attempt to invert the
.fraction given in Test I17T.

The results of Test I show little understanding of the term

b
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Twenty-three per cent of Grade 5 correctly dgfined the term with
Group B having the highest correct response of twenty-seven per
cent. The responses to this same term in Test iI were greater for
ell groups except Group ¢ dropping from twanty-four per cent on
Test I to two per cent on Test IT. " The greatest increase was
shown by Group D with a twenty~two psr cent correct response on
Test I and a seventy per cent correct response on Test IT.
Improper fractions, a term common to both grades was correct-
ly defined by fifty-eight per cent of Grade 5 on Test I. Table IV
shows considerable'differences in the rate of correct response for
Tect I and Test II. fThis is due primarily to the inability of any
group to distinguish between the two types of imprqper fractions.
Only fifteen per cent of the combined fifth grade were able to in-
dlcate both types of improper fractions, Thirty-eight per cent

¥

gave the two types of improper fractions as both.having the numersa
tor larger than the denominator. Other students gave proper frac-
tions and mixed numbers or a combination of all three as the two
types of improper fractions. Nineteen per cent did not respond.
The last of the terminology 1s of, as associated’with frac-
tions. Although thi$ term is not only related to fractions, it is
of primary importance in the.study of fractions in Grsde 6. Since
this 1is terminology of sixth grade arithmetic the .responses for
Grade 5 to both tests were low. Only twenty-seven per cent of the
stucents responded correctly on Test I. of the remaining students,

three defined the term as plus, elghty-slx as divided by, and

twenty-five as from. In cross checking with the replies given on
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Test IT these answers were not consistent. In Test II only one per
son added, two subtracted and fifteen divided. The por cent of
correct response rose to forty-one per cent vith all groups scor-
ing the same or higher in Test Ii. Thirty-three persons in Grades5
did not attempt to solve the problem in Test IT.

All terminology related to fractions used in both vocabulary
tests should be known to the sixth grade students. The per cent of
correct response for these terms for Grade 6 is showvn 1n Table V.

TABLE V

PER CENT OF CORRECT RESPONSE FOR TERMINOLOGY
RELATED TO FRACTIONS FOR GRADE 6

Form Group .
Al 2L Ci Dl Total
tiixed numbers
Test I 100 100 100 93 98
- II [100 93 95 33 93
Equal fractions
4 swgsg I 90 88 100 76 89
II 90 85 78 59 - 78
Cancellation '
Test I 62 61 59 32 54
II 80 78 71 inn (oY)
Loweat terns .
Test I 95 95 85 73 87
IT 90 Q0 80 66_ - 82
Invert :
Test I [100 90 93 73 8¢9
II  [100 95 93 Q0 95
ommon degom%na%or 5 6 6 22
es ~
II 80 0 S 63 gg
Improper fraction
Test I 9 8 8 8
et 3 | B A 27 5 35
oL
% 88 6 9 88
Tos I% gg 76 go og 73
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Table V shows that in Groups Al, Bl, and Cl all pupils
correctly defined the term mixed numbers but 4in the identification
of a mixsd number in Test II only Group Al was able to hold its
perfect Score. Results of both tests show littie difficulty in
the comprehension of this term by any of the groups.,

All puplls in Group ¢l correctly defined the term equal
fractions but only seventy-eight per cent of the group wers able
to determine & pair of equal fractions in Test II. Group D1
showed the greatest dscrease in the rate of correct response
dropping from seventy=-six per cent on Test I to fifty-nine per
¢ent on Test TT. Eighty-nine per cent of the entire sixth grade
Tesponded correctly on Test I with seventy-eight per cent able to
identify the equal fractions in Test Ix.

The results of Teats I and II show that the procéss of can-
cellation studied in sixth grade arithmetio is not olodrly under=-
stood.in 1ts meaning or application. Only firty-rour’por cont of
the population tested were able to define the term and sixty-cight
per cent were cepable of applying the'prooess of cencellat’on.
Table V shows thet among the sixth grade students Group D1 bad the
poorest response on.both tests with Groub Al having the best
response., Twénty~one.per cont of the entire class attompted the
problem but failedAto solve 1t with two per cent of Grade 6 leavin
the problem undone.

Eighty=-seven per cent of Grade 6 understood the meaning of

lowect terms and elghty-two per cent were able to reduce z
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fraction to 1ts lowest terms in Test IXI. Group D1 had the most
difficulty with the temrm having seventy-three per cent of the
group defining it correctly and only sixty-six per cent able to
respond corfectly on Test II.

Taught in the sixth gré&e_the'term invert was known by all
pupils in Group Al on both Testg‘I:énd‘II.' Responses for this
term on Teét II were the samevdr'higher for each group in Grade 6
with ninety-five per cent of the total population tested applying
the term correctly. Group Dl showed the greatest increase in
correct response between the tests goihg from seventy-threeuper
cent on Test I to ninety per cent on'Test»II. while ninety-rive
per cent of the‘sixth‘grade were able to invert a number only
elghty-nine per cent understood the me aning of the term &s shown
on Test I. ‘

Comparing the reéults of Test I with those of Test II given
in Table V, in each group the definition of the term comnon denom-
iﬁator ﬁas more difficult than the application of the term. A
thirty-seven per cent correct response on Test I indicates a lack
of clear understanding regarding this term although elghty per
cent were able to supply a common denominator in a given problem.

A term famlliar to sixth grade students is that of improper
fractions. Eighty-seven per cent of the sixth grade wers able to
define the term but only’thirtyfthroe per cen§ were able to respond
correccly when asked to give the two types of improper fractions |

in Teat II. Forty-eight per cent of the class gave two fractions
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both of which had the numerator larger than the dehominator, fall-
ing to indicate the impfoper fraction in which the numerator is
equal to the denominator. only,two pupils did not respond to the
item in Test ITI. |

The definition of the teim of as used 1in fraction was known
to elzhty~eight per cent of Grade 6. 0of the remaining students
tested one‘dafined the term as plus, fourteen as divided by, and
five chose the meaning to be from. FSOOres for all sixth gfade
groups were lower on Test IT than those of Tezt I with a %total
regponss of séventy-three per cent. Although one person defined
the term as add, two students added the given numbers in Test IT,
olghteen dlvided and twelve pupils failed 4o respond. The
inconsistency of the responses on these two tests indicates a
lack of clear understanding of this term by some of the student;
in the sixth grads.

Arithmetlical ternminology pertaining to docimals ia taught in
3lixth grade or introducad simply at the flfth grade level 1if
sufficlent time or the abilivy of ths group permits. Rosponsss to
these terms made by‘Gradé 5 naturally will be lower than those of
Grade 6. Table VI gives a comparison of the pef cent of correct
response between Grades 5 and 6 for the terms decimal voint,
denominstor, and decimal fractions as indicated from the results

of Tests I and IT.




TABLE VI

PER CENT OF CORRECT RESPONSE FOR TERMINOLOGY
" RELATED TO DECIMALS FOR GRADES 5 AND 6

Grade 5 Grade 6
Term

A B C' ] D | Total All Bl!| ¢1 | D1 { Total

Decimal point
Test I 6| 60| L9 %2 55 95( 88| 80| 78| 85
- IX 95| 75| 76 82 }00 981 95| 93| 96

Denomlinator h p 68| ¢ p
-~ Test I 24| 17| 15| 32| 22 70 9 8
©II | of 21 o L 901 95| 80 %% 85

Decimsl Fraction an ‘
| Pest T 60| 27 %6 25| Lo 77176166 4o | 67
Ix 8867|063 65| 71 9219019393 | 92

As showmn ip Table VI & majority-of the fifth grade populatiorn
were able to recognize thé symbol for the decimal point in Test IIl
but only fifty-five per cent were capable pf defining it as & sym-
bol used to separate the>placo value one’from the place value one-
tenth, At the sixth gfada level ninety-six per cent of the class
responded correctly in Test II and eighty-five per cent deflned
the term in Test I. ‘

The denominator ﬁheh referring to decimal fractions was
understood only by four per cent of the fifth grade with Groups
B and D'failing to have any member respond correctly in Test II.
Wwhen asked to give the denominator for the decimal .76 the c&mmon
answers given were 76, 7, or 6. Twenty-two per cent of the entirej

fifth grade knew how the denominator in a decimal fraction was
determined in comparison to fifty-eight per cent of Grade 6.
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Scores on Test II fof Grade 6 were much higher for each gréup‘
giving a total response of eighty-five per cent.

The terminology, decimal fraction, was defined by forty per
cent of the fifth grade with seventy-one per cent able to dis-
tinguish a decimal fractionf}fom other numbers given in Test II.
Eighteen per cent of the class listed 5/10 as a decimal fraction,
five per cent gave 96, and ons per cent chose L% as the decimal
fraction. In defining the term, twenty-seven per cent of the
fifth grade said a decimal fraction was one in which both
numerator and denominator were expreSSQd, thirteen per cent sgid
the numerator was.not expressed, and twenty per cent stated that
the numerator must be‘larger than the denominator. Table VI shows
a mariked increase in the per cent of correct response for the
term decimal ffaction made by Grade 6. Ninety-two per cent
selected the decimal fraction and two fatled to respond. . The
per cent of correct response for Test I was considerably lower
with sixty-seven per cent responding correctly. Nine per cent
sald the numerator was not expressed in a deocimsal fraction,

fourteen per cent sald both numerator and denominastor were

expressed, and nine per cent held the numesrator to be larger than

the denominator. Two pupils left the item blank in Grade O.
The rate of correct response for the terminology, estimgte
and reduced, which are orten used in daily life are shown in

Tseble VII on the following page.
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TABLE VII

PER CENT OF. CORRECT RESPONSE FOR TERMINOLOGY
USED IN DAILY LIFE FOR GRADES 5 AND 6

Porm Grade 5 : Grade 6

A B |C D Total Al| Bl! cl| p1 Total

Estimate p p 6| sz 88 5 p 5
Test I 9519517 100 98{1001| 9 Q
IT | 6640|335 | Lk 82 85| 71 {68 | 77

Réduced

Test I 98195185192 | 93 97 1100]100 | 93 o8
II 98182168|80 | 82 92{100{ 95| 78 91

in analysls of the term estimste shows that ninety-eight per
cent of @Grade 6 and elghty~elght per cent of Gradé 5 defined the -
term correctly on Test I. Table VII shows the results for the
gsame term used in Test II;to be lower in both grades. Forty-four
per cent of the fifth grade sand sevehty-seven per. cent of the
sixth grade were able to estimate the‘cost of four baseball bats
at $3.98 each. Among the fifth grade population, thirty-eight
of the students found the exact cost while two based thelr compu-
tatlon on four bats for $3.98. In the sixth grade, six pupils
found the exact cost and two misunderstood the problem ahd
assumed all four bats to cost $3.98.

A majority of both fifth and sixth grade students understood
the term reduced, Ninety~eight per cent of Grade 6, with Groups
Bl and Cl having a perfect socore, responded correctly. At the
fifth grade level there was & ninety-three per cent correct
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- response with no group having a perfect score on Test I. Tabls VI3
shows that Group Bl continued to hold its perfect score on Test II}
Ninety=-one per cent of Grade 6 applied the term reduced correctly
oanest II. Seven pupils added the amount of the reduction to the
original price and two failed to subtract accurétely. Two oflthe
students in Grade 6 did not respond in Test II. One child in

Group D1 wrote the words "Reduce it" but made no attempt to solve

the problem. Responses for Grade 5 on Test II show each group
scoring the same or lower with elghty-two per cent of the class

responding correotly. The remaining eighteen per cent included
three puplls who added, three who erred in subtracting, and fif-
teen others who gave various answers. Eight pupils failed to givel
ary rssponse on Test II.

Rectangle, perimeter, and squars, terminology used in fifth
and sixth grade arithmetic was better known by Grade 6 as is
| chown in Table VIII.
TABLE VIII

PER CENT OF CORRECT RESPONSE FOR THE TERMS RECTANGLE,
SQUARE AND PERIMETER FOR GRADES 5 AND 6

Term Grﬂda 5 ) Grﬂdo 0
A B C |D Total All Bl cCl DY Total

Rectangle
et b | &\ WS | AL || BB 8| TB|® |G

Test I 931 75| 80| 85 | 83 951 95198 |9 95
%t T | 33| %7 63|60 | 73 || 92hod|o3 |78 | $3

Square

Porimetor Lol sl 66162 | G2 67| 80| 78 |61 7
Test I
- Lb*u Clale | |l orls2l|ds % §
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A higher per cent of correct response was made by &1l groups
in grades 5 and 6 on Test II for the term rectangle with the ex=-
ceptlon of Group A whose score remained the same as on Test I. Ten
per cent of Grade 6§ and twenty-five per cent of Grade 5 erroneously
selected the triangle from the four figures given in TeSt»II. A
rectangle was defined as a figure having three sides by thirty-
‘nlne per ceht of the fifth grade students énd twenty-four per cent
of the sixth grade population. Among the fifth grade students
eighteen per cent an;wéred both items referring to rectangle in-
correctly while ten per cent of the sixth grade réiled,to reépond
correctly to both items. |

Contrasting the responseé to the term square in Test I with
the same term in Test II, Grade S showed an eighty-three per cent
correct response on Test i with a slight decrease to seventy-nine
rer cent in Test II. Thres pupils did not attempt the problem in
Test II. Anslight difference also‘occurrod'between the two tests
in Grade 6. Ninety;five per cent defined the term in Teét I with
ninety-two per cent correctly applying the term in Test II. Group
Bl had a perfect'soore on Test II. Tén>pupils'in Grade 5 and one
in Grade 6 failed to respond correctly to the term in elther test.

In defining the term perimeter, thirty-four per‘cent of the
fifth grade and twenty-four per cent of the sixth grade confused
this definition with the definition for area. Table VIII shows
that each group in Grade 6 scored higher in Test II than in Test I
This is true only of Group A at the fifth grade level, Sixty-one
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per cent of Grada'S had both items correct while seventy-seven
per cent of Grade 6 definsd thé term correctly and eighty~five per
cent were able to find the perimeter in a given problem in Test II
Item ten of Test IT related to item thirty-nine of Test T
called for the knowledgo and application of the term annex. Table
IX given below shows that the definition of the term was known to
ninety-four per cent of‘the sixth graders with all pupils in @Group
cl responding correctly. As shown in the table each group in
Crede & scored conslderedbly lower in Test IT with aroapy 1 drepa

ring Yo fifty-six par cent.
TABLE IX

PER CENT OF CORREGCT RESPONSE FOR
THE TERM ANNEX FOR GRADES 5 AND &

Tost Grade 5 Grade 6
A |B|C |D |Total || Al| Bl| ¢1| D1l | Total
I 60| 50| 51 |45 | 52 95| 95/100| 88 ol
I 69| 35| 24 |37 | L 72| 56| 56| L9 | 58

One zero was annexed by twenty-four per cent of the pupils
and nine per nent annexed three zeros. Aa these pupils annexed
zeros to the given number it can be assumed that'there was @
partial understanding of the term in so far as they knew that
annax meant to add on to some thing. However they did not know
how many zeros were necessary to make the given number one hundred

times larger. Lack of comprshension of the term was shown by ones
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pupil who added three zeros in front of the number and anothsr who
changed the number to 142,

Since the term annex is a par£ of the vocabulary of sixth
grade sarithmetic sdores for the fifth grade are lower than those
for Grade 6, Forty=-one pef‘cent of Grade 5 annexed the necessary
number of zeros. No unders tanding of the term was shown by 5
pupils who changed the number to 14,2 while 21 others made no
attempt to solve the problem, wWith the exception of Group A, all
Scores for the term were higher on Test I with Lifty=-two per cent
of the entire class responding correctly.,

The lest term, equal, used in both vocabulary tests is e

term which the child has used in the lower grades., Using the syu-

o

ol == In Test I, fifty-six per cent of Grade 5 correctly undere

taod that the “numbers to the left of this symbol had to be equal
n value to the numbers to the right of the symbol. oOn Test IT

i d

all scores for this term were 1ower 23 1s shown in Table X with
forty-eight per cent of the entire class responding correctly,

TABLE X

PER CENT OF CORRECT RESPONSE FOR THE TERM
EQUAL FOR GRADES 5 AND &

Test Grade 5 Grade ©
A B Cc D Total Al | Bl ();L | ]\} ) ,T?’t,pd.‘
I O] 55151 |55] ®O o2 | Ly ol | o o1
II , 52| k2| 46 |50 L8 751 68 | 65 | 32 ol

A similar picture as & result of both tests 1s preosented by
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Gpade 6. A total of sixty-one per cent of the entire sixth grade
understood the meaning of the symbol in Test I. As shown in Table
X, all groups with the exception of Group D1 acored higher in
‘Test II with a total response of sixty-one per cent.
Three tems, divided bj; sum, and averasge were used only in
Test ITI. At the fifth grade level thirty-nine per cent of the
class knew that divided by meant to divide the first number by the

second. However they were not able to solve the problem as it
involved division of fractions not yet known to the fifth grade.
Only two pupils multiplied the two numbers but fifty-one others
showed no indication as to vwhet they would 66, merely writing a
number on their paper. Thirty of the students failed %o give any
| type of response to the question, One chlld not knowing how to
divide by a fraction subtracted the divisor from the dividend unil

he had a remainder of zero. Ho then went back, counted the number

(¢

of times he had subtracted and put the correct answer on his paper
As 1s shown in Table XI only nine per cent of the entire fifth
grede reépondcd correctly to this dtem in Teal IT.

TABLY XI

PER CENT OF CORRECT RESPONSE FOR THE TERMS
DIVIDED BY, SUM, AND AVERAGE FOR
GRADES 5 AND 6

Grade 5  @rade 6
Term A B [C D [Total |[ AL BI[ CI | BL [Total
Divided by 21| ol12] 2] 9 8s| 83 61lLo | 70
Sum 90 |65 73| 82| 83 951 95| 93173 89
Average 95 165|731 75 | 77 92| 90100 | 76 90

\ 4
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To six per cent of the sixth graders tested, divided by

meant to divide the second number by the first, reversing the
position of the numbers. An additional two per cent also reversed
the numbers and then multiplled by fifteen rather.than dividing.
Five per cent failed to invert the divisor. Other errors were
made by the remaining seventeen per cent including two students
who did not respond to the item,

The term sum gave nelther of the grades much difficulty.

The most common error mads by ten pupils in Grade 5 and elevan
pupils in Grade 6 was in giving 16 - 8 as the solutlon for finding
2 sum. The total response of.eighty-nine per cent for Grade 6

wag slightly higher than the eighty-three per cent corresct respons:
for Grade 5.

Responses fo average were ninety per cent correct in Grade 6
ond seventy-seven per Qent-correct in Gradé 5. fThere was no one
type of error in either grade. Two students in Grade 5 and one
in Grade 6 failed to glve any solution.

No term in Test II was known by allipupilsvat elther level.
Low scores at the fifth grade level occurred on those terms not
yet known to these students., I,ow scores were also found on some
terms of which a fifth grade student should have knowledge and
urderstanding. All terms were known by at least fifty per cent
of the sixth grade with the exception of the terms minuend and
lwpropsr fractions. Table XII shows the nurber of terms known by

both grades at the various per cents of correct responsa,
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TABLE XII

DISTRIBUTION OF PER CENT OF RESPONSE
FOR GRADES 5 AND & ON TEST II

Por cent of correct
response : Grade 5 : Grade 6

100 per cent 0 0
90 per cent or more 0 0
75 to 90 per cent 6 10
50 to 75 per cent 6 6

- 25 to 50 per cent 7 2
Below 25 per cent 6 0

fhe per cent of correct response for Grade 5 to all tsrml=-
nology used in Test I is found 1In Table XIII. Comparing this
with Table XIV conteining the responses for grade 6, it is noted
that Grade 6 consistently scored higher than“Grade S throughout
the entire test. An excepfion to this 1s the term dozen on whiéh
the fifth grade scored one point higher. Appendix III contalns
all test scores for each pupll in Gradés 5 and 6 according to
groups; Each group has been arranged according to intelligence

quotients, the highest being listed at the tope.




TABLE XIIIX

VOCABULARY TEST I GRADE 5

'PER CENT OF CORRECT RESPONSE FOR EACH TERM

59

Vocabulary I Group | Group Group Group | Combined
A - B c D Fifth
Grade

addend 76 57 68 77 70
borrow 98 87 76 95 89
square 93 75 80 85 | 83
mixed number 98 95 90 87 93
periﬁetef Lo 75 66 62 61
- 95 100 98 100 98
sstimating o5 | o3 76 85 88
nlace vslue 86 70 56 77 72
ainuend 26 22 2l 25 2
Lowest terms 83 52 66 65 67
reduced 98 95 85 92 93
noman numeral 69 65 sk 72 65
rectangle 6h. L2 L6 57 52
selling price 93 95 76 82 07
product 83 37 Uy 6l s
comnon denominators 19 27 2l a2 23
improper fraction ‘57 60 68 L5 58
) 100 97 98 100 24
squal fractions 6l 8s 59 62 68




TABLE XIII (continued)

PER CENT OF CORRECT RESPONSE FOR EACH TERM

VOCABULARY TEST I GRADE 5

60

Vocabulary I Group | Group Group Group Combined
‘ A B c D Fifth
Grade

a8 much as 95 80 73 70 80
length 90 | 75 76 | 60 75
Pe Mo 83 2 | 65 65 7
purchased 100 97 76 87 90
sarned 95 90 85 77 87
differenée 76 57 gl 60 62
minuend 1S L5 41 37 L2
rerainder L8 52 68 65 58
subtrahend 57 52. 66 Lo i
multiplior 93 85 85 &y &7
partiasl products 69 50 2L 50 L8
product 95 70 Sl 72 13
multiplicand 93 70 51 80 h
dividend 76 67 59 60 66
remainder 88 85 80 75 82
quotient 88 75 sl 57 69
divisor 90 85 73 62 78

- 90 95 83 82 88

= 6l 55° | 51 55 56
annoxed 60 /50 S1 L5 \ 52




TABLE XIII (continued)

~ PER CEKNT OF. CORRECT RESPONSE FOR EACH TERHM

VOCABULARY 'm:s'r I GRAIE 5

61

Vocabulary I Group | Group Group | Group Combined
A B C D Fifth
Grade
~cancellation 38 L5 20 30 33
two places to the left| 10 10 17 17 13
denominator L3 L5 22 37 3,
dsposit 88 85 73 67 179
cerznon fraction 81 72 63 60 69
! income 50 30 31 35 37
; decinal point 69 60 Lo L2 55
decimal fraction 60 27 L6 25 Lo
volumo _17 15 2 15 12
invert 52 52 66 37 G2
capacity 66 70 Sl 70 65
of | 10 L7 39 12 27
hundredths 5.' 7 2 2 L
decimal fraction = |

denominator 2L 17 15 32 22
century 60 60 71 77 66
leap year 100 77 73 87 85
" 55 52 L9 50 52
graph 55 67 - L6 75 60
% dimensions 50 37 L9 37 hh
terms 50 Lo 29 32 30




TABLE XIII (continued)

PER CENT OF CORRECT RESPONSE FOR EACH TERM

VOCABULARY TEST I GRADE.S

Vocabulary T Group | Group | Group Group Combined
A B - C D Fifth
Grade

square inch 88 70 il 67 67
millions /86 85 88 1 8l
wolght 98 95 98 87 ol
depth 86 67 68 67 72
gross 52 65 L1 70 S7
5280 fest 90 100 68 85 86
cubic foot 76 50 L6 LS 55

X 83 77 73 82 79
reagonable answer 1l 15 17 20 16
twice " 88 82 73 80 81
2000 pounds 98 92 83 90 0
dozZen 98 100 100 95 98
tens place 2l 17 27 5 15
foot 93 82 78 77 83
total 95 90 73 82 85
uniike fractions 93 77 68 82 80




TABLE XIV

PER CENT OF CORRECT RESPONSE FOR EACH TERM
VOCABULARY TEST I GRADE 6

63

Vocabulary I Group | Group Group Group | Combined
Al Bl cl Dl Sixth
: Grade

‘addend 95 98 93 85 93
borrow o7 o5 o8 95 96
square 95 95 98 93 95
mixed number 100 100 100 93 98
perimeter 87 80 78 61 77

- 100 100 100 100 | 1c0
estimating 100 98 100 95 | 98
place value 97 98 95 73 91
minuend 77 76 51 51 6l
lowest terms 95 o5 85 73 87
raeduced o7 100 100 93 98
Roman numeral 92 - 93 88 T 86
rectangle 72 63 71 L 62
solling price o7 93 85 85 90
product 82 85 1 68 77
common denominators 32 . L8 L6 22 37
improper fraction 95 98 83 73 87

| 100 100 100 100 | 100
ecval fractions 90 88 100 76 89
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TABLE XIV (continued)

PER CENT OF CORRECT RESPONSE FOR EACH TERM
VOCABULARY TEST I GRADE 6

voecabulary I éroup» Group Group Group Combined
Al Bl cl Dl Sixth
Grade

cancellation 62 61 59 32 sl
twoplaces to the left Lo 29 29 15 25
denominator | L5 51 L6 Lo L8
deposit 82 93 90 71 8L
common fraction 90 90 88 76 86
income 65 Lo sl ul 52
Geeimal point 95 88 80 78 85
Loscimal fraction 77 76 66 R 67
volume 25 | 22 10 T 16
invert 100 .90 93 73 89
capacliy 87 83 83 66 80
of 95 | 88 76 93 88
hundredths 10 15 15 12 13
O ononinaton 70 | 68 s9 | 3l 58
century 90 73 100 | T 67
leap year 97 95 95 95 906
n | 97 90 90 73 68
graph ' 92 88 100 68 92
dimensions 87 68 66 Lo 67




TABLE XIV (contlnued)

PER CENT OF CORRECT RESPONSE FOR EACH TERM
VOCABULARY TEST I GRADE 6

vocabulary I Group Group Group | Group éombined
Al Bl cl Dl Sixth
: Grade

terms 72 63 51 L6 58
square inch 75 73 68 61 69
" +illions 100 o5 98 88 oL
welght 100 100 100 100 100
dopii 95 98 88 73 90
sEnss 60 59 76 37 58
15280 feet 100 90 90 83 91
cubic feot 70 71 6L Lo 03
X 95 90 85 85 89
reasonable answer 60 51 63 Lo 56
twice o7 98 98 68 g5
2000 pounds 100 100 o5 95 98
dozen 100 100 93 95 97
tens place 30 2 2l 22 25
foo% 100 o8 83 83 21
total 95 98 85 88 91
unlike fractions 95 95 88 83 90
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Table XV gives the distribution of terms for Test I éccording
to the per cent of correct response for (irades 5 and 0.
TABLE XV

DISTRIBUTION OF PER CENT OF RESPONSE
FOR GRADES 5 AND & ON TEST I

Per cent of correct

response Grade 5 © @rade 6
100 per cant 0 3
90 per cent or mors 8 30
75 to 90 per cent 21 22
50 to 75 per cent | 29 1l

25 to 50 per cent
Below 25 per cent 8 2

mi

The distribution of scores on Vocabulary Test I for Grades

5 and 6 are given In Figure 1. The mean score for Grade 5 was
59.19 with a standard deviation of 6.12. Grade 5 had a mean score
of 47.85 and a standard ﬁeviation of 9.96. Median scores for
Test I show that Grade 6 with & median of 60.56 had a higher rate
of correct response thanvdid Grade 5 with & median of [9.52.

Table XVI shows the mean, median, and standard devistion for each
group in Grades 5 and 6 on Test I. Group D of the fifth gfade

heving the poorest children has & mean score greater than Group ¢




Number

Pupils

Sl
L8
L2
36

30

18

12

&

| l L !
15 21 27 33 do L5 %1 87 &3 o
Scores
FIGURE 1

DISTRIBUTION OF SCORES FOR VOCABULARY TEST I
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and a median greater than Groups B or C. Among the sixth greade
groups there is no such deviation. Group Al, containing the best
pupils has the highest mesn and median while Group D1, consisting
of the slower students has the lowest.

TABLE XVI

MEAN, MEDIAN, AND STANDARD DEVIATION FOR EACH
*  GROUP IN GRADES 5 AND 6 ON TEST II

Group | Mean Median | standard
deviation

A 52.64 - 53.5 6.32
B : L 8.7 L8.79 8.34
c - L3.72 - L. 11.3

D 465 - Lo.si | 11.03
s 6ly.15 6l.9 5.69
Bl 61.88 62.35 - 3.62
cl | coui9 61.6 0.21
pl 56.75 | 56.13 9.76

- The distribution of scores attained by Grades 5 and 6 on
Test II are shown in Figure 2. The mean score on Test II for
Grade 6 was 19.6 with a standard deviation of L.4l1. Grade 5
whose responses on Test II were lower than those of Grade 6 had

a mean score of 12.6 and a standard deviation of .33, The
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medlan for the fifth grade 12.96 corresponded closely to the
mean indicaeting an spproximately nofmal distribution of the
scores. The medien score for Grade 6 was 21,36. Table XVII
gives the mean, medlan, and standard deviation for each group -
in both grades. The table Qhows the mean score and the median
to be greater for Group D than for Groups B or C. Groups in
Grade 6 shbw no deviations from the highest to the lowest groups.
TABLE XVII

MEAN, MEDIAN, AND STANDARD DEVIATION FOR
EACH GROUP IN GRADES 5 AND 6 ON TEST I

Group Meen Medlan © Standard
: deviation
A 15,31 1L.88 ‘ 3.10
B 12,15 11.3 - 3.6k
c 11.79 | 12.13 - L.62
D 12,7 13.32 ' L.oL
Al 22,0 22,3 : 2.51
Bl 20.8, 21.6 : 3.33
o) NS 19.57 21.0 h-17
pl 16.6 ~ 18.5 | 5.26

The results of the arithmetic computation test showed the
sixth grade population'to have & medlian grade equivalent score and
a mean score of 7.95. The degree of variability as measured by

tre standard deviation was l.}2. Results of the same test showed
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a slight difference between the median and mean scores for Grade
S with a median of 6.07 and a mean score of 6.1. The standard
deviation or varisbility was l.l3.

Flgure 3 on the preceding page gives the distrlbution of
the scores for the arithmetic computation test according to grade
equivalents. The graph shows that students at the sixth grade
level had é wider range of equivalent scores while both grades
had pupils on a third grade level in arithmetic.

Téble XVIII gives a comparison of the mean, medipn, and

standard deviation for each group on the arithmetic computation

teast.
TABLE XVIII
MEAN, MEDIAN, AND STANDARD DEVIATION
FOR EACH GROUP IN GRADES 5 AMD O
ARITHMETIC COMPUTATION TEST
Group Mean - ‘Median : Standard
v ‘ deviation
A 6.27 6.35 Sl
B 5.81 | © 5.78 1.20
c 6.16 6.06 1.28
D 5.96 6.15 1l.21
AL 8.y 8.7 \ 3.76
Bl 8.05 8.06 1.27
cl T79 7.53 1.00
Dl 7.13 | 7.52 1.55
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Intelligence quotients as measured by the Otls Quick-Scoring
Montal Ability Tests for the fifth grade ranged from 81 to 1L5
with a median for the entire grade of 112.48. The mean score for
Grade 5 was 111.96 with 2 varisbllity as measured by the standard
deviation.of 10.36. The sixth grade intelligence quotients
ranging from 75 to 135 had a oclass msdian of 112,25 which varied
slightly fiom that of Grade 5. The mean score of 112,23 showed
only a very slight difference’from that of the median. The
standard deviation was 9.87.

The mean, median, and standard deviation for each group give,
in Table XIX show the medlian intelligence quotient for Group D
to be higher than that of Group C. ’

TABLE XIX

MEAN, MEDIAN, AND STANDARD DEVIATION FOR THE INTELLIGENCE
TEST FOR FACH GROUP IN GRADES 5 AND 6

Group Mean Median Standard
: . deviation
A 117.69 118.7 10.23
B 112.75 112,75 9.2l
c 108,67 108.6l; 9.89
D 108,2 111.07 9.05
Al 118.85 119.75 " 8.56
Bl 11.51 114.86 8.56
cl 110.56 111.57 779
D1 104..90 105.25 8,50
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Pigure Ui giving the distribution for the intelligence quo-
tients for Grades 5 and 6 shows both grades relatively equally
distributed forming an approximately normal curve. The graph
indicates the_range of intelligence quotients for Grade 5 to be
slightly greater than the rénge for Grade 6,

Relationship between the arithmetic computation test, the
vocabulary test, and the intelllgence quotients is shown by
meansof partial correlation. This method of correlation endsav-
ers to show the relationship existing between two variables vhen
the influence of the third variable is withdrawn. In tnis re-
gearch,; the two varlables, arithmetic compﬁtation aﬁd arithmeticel
vocabulery were correlated while holding the thibd variable, thé
intellligonce quotient constant. For the computation of the
partial correlation the .combined results of vocabulary Tests I
and II were used, | .

The Pearson product-moment coefficient of correlation be-'}
tween the arithmetlc computation test and the érithmetic vocabu~
lary test for Grade 5 was .72. The partial correslation, removing
the Influence of the intelligence quotient, showed the relaticn-
ship between arithmetic computatlon and arithmetic vocabwlary to
be 6. To determine the significance‘of the partial correlation
Fishert's z transformation was used. The correlétion L6 was
found to be significant at the .05 per cent level. Tablo XX
on the following page shows the product-moment corrolation and.

the partial correlation for each group in Grade 5. After the
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influencing factor of the intelligence quotient has been removed
the correlation between arithmetic computation snd arithmetical
vocabulafy 1s lowered. An accurate measure of intelligence also
includes the knowledge bf arithmetic skills and reading ability.
Using %the partial correlation these factobs are held constant by
presutiing all students to have the same intelligence quotients.

TABLE XX
COEFFICIENTS OF CORRELATION FOR GRADE 5

Group Product-moment | Partisl
correlation correlation
A 46 | .13
B 72 A7
c .85 | .68
D .8l o .63

r

The computation of the partial standard deviation for each
reriable and the comparison of these with the original standard
deviations of each variable are given in Table XXI, on the
Tollowing pagee. The table shows that the variability of
drithmetic computation, arithmetical vocabulary, and intelligence

guotients are reduced approximately by one-half,




TABLE XXI
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DEVIATIONS FROM THE MEAN FOR EACH

VARIABLE IN GRADE 5

Variable Standard Partlial standard
deviation deviation
Arithmetic computation 1.13 .78
Arithmetic vocabulary 12.87 6.54
Intelligence quotients| 10.36 - 5.90

The partigl»standard devliation 1s freed of the influence ex-
erted upon its variability by the other two variasbles. Thus the
partial standard devlation for arithmetic computation is freed
of the Influence of the arithmetical vocabulary and the intelli-
‘ gence quotient, the partial standard deviation for arithmetical
vocabulary 1s freed of the influence of arithmetic computation -
and the intelligence quotient, vwhile the partial standard devio=
tion for the intelligence quotient i1s freed of the influence of
arithmetic computation and vodabulary. | |

At the sixth grade level, the product-moment correlation
between arithmetic computation and arithmotlcsl vocabulary was
.76. Removing the influence of the intelligence quotient, the
relationship between.these two varlables as determined by parﬁial

correlation was .59. Using Fisher's z transformation the
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correlation .59 was found to be significant at the .05 per cent

level. Table XXII gives the product-moment correlation and the

partial correlation for each group in Grade 6.

TABLE XXII

COEFFICIENTS OF GORRELATION FCR GRADE 6

Group Product~moment Partial
» correlation correlation
Al .51 .28
Bl 71 .36
cl 56 L2
Dl .86 72

Partial standard deviations computed for each variable

and the original stendard deviation for each varlable at the

sixth grade level are shown in rable XXIII, on the following

page. The variabllliy of arithmetioc computation and arithmetic

vocabulary freed from the influence of the other two variebles

are reduced approximately by one-half,

The variabllity of the

intelligence quotlent 1s reduced about one-thifd when the.

influence of the other two variables has been removed.
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TABLE XXIII
DEVIATIONS FROM THE MEAN FOR EACH VARIABLE -
IN GRADE 6
variable ~“8tandard Partial standard
deviation deviation
Arithmetlic computation 1.2 92
Arithmetic vocabulary 12.4 6.1
Intelligence quotients 9.87 6.03

.The results of the testing program for both fifth and

sixth grades show that a definite relationship exlsts between

the teralnology used in arithmetic and problém'solving.




CHAPTER IV
- SUMMARY AND CONCLUSIONS

The purpose of thls research was to determine possible
relationships between definitions of arithmetical terminology
known by a group of fifthland sixth grade students and thelr
undsrstanding and aﬁility to apply these terms In given problem
solving situaiions.

The procedurs used for the collection of data for thils
theéis rmay be summerized as follows: flrst, a standardized
arithmetic computation test was adminlstered to determine the
pupilts ebillty to solve computatiohal exerciées independent of
technical terminology; second, a vocabulary test consisting of
two parts was given to each student, the first part to determine
his understanding of arithmetical terminology used at his
specific grade level and the second part to test his use of this
terminology in problem solving, third, the administration of a
standardized intelligence test to determine the mental ability of
uach pupil participating 1in the testling progrsam.

All testing was cerried on during normal school days by the

incipal of the school and two sixth grade teachers. The tests
wére then corrected and tabulated. The results of all tests were

81
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compiled and the statlstlics for esch group and each grade wére
calculated.‘ N

From the results Bf ﬁhe‘tests used in this research 1t may
be concluded that terminology having a high rate of correct
| response on Test I and & loﬁxper cent of response on Test II
indicates that while the person could define the term in 1solation
he was unable to make use of this definition when included as
part of a problem. Existing differences between the definitions-
of the terms and thelr application to a specific problem may be
the result of memorizatlion of the definitions of such terms with-
out the development of an understanding of their relationship to
a particular phase of arithmetic. It may be}concluded that true
understanding of a term involves more than the ability to define
it. It necessarily includes the ability to make a practical
application of the given terminology. Those terms having a high
rete of correct response on Test IT end & low psr cent of response
on Test T for the definitlon of the term show no actual understands
ing of the term. The pupil uses the term as a cue to the opera-
tion he is to perform and then does the desired computation
meghanically, without any reallization or understanding as to why
he is using this particular aspect of arithmetic rather than
another process. Termlinology responded to corréctly on one test
does not indicate ability to respond correctly to the same term ony
another type of test. Those terms showing a sim;lar per cent of

correct response on both Tests I and II indlcate understanding of
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the term as well as abllity to apply this undoratanding correctly
in a given situation. |

mhe tebles glving the per cent of corréct response for the
terminology used in the tests show that among the fifth‘grade,'
Group D has a higher rate of”;espbnse on some terms than Groups
B or C. On other terms, puplls in Group D were sble to score
higher than those in Group A. Since the students in Group D
formed the majority of the slowest students 1ln Greade 5 scores for
this group would normally be lower than the scores of the other
croups containing the brighter children. The reaults cf thess
teats Indicats the raspénaibility thet lies with each individual
teschor to see that the technical terminology of & subject is
made useful in application. A superficlal knowledge of the
terminology may be considered adequate unless the teacher gears
the methods of tinstruction to its use in the problem situation.
Arithmetlcal terminology should be teught with as much care and
exactness as is given to the teaching of new vocabulaxry in a |
reading lesson. The research results indicaté a definite differ-
ence between the understanding of arithmetical terms as such and
the ability to use these terms when contained in prodlems st the
fifth grade level. Thevétudy of arithmetic should involve more
then mere practice in order to perform well on computational
exercises. It should broaden the pupilts understanding of these
orsrations so that he not only knows what to do but more important

vhy he is doing it.
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Studying the test results for the sixth grade 1t will be
noted that the résults are in the order which might nofmally be
expected on the basis of the divisions, that is Al, B1l, Cl, end
D1. Since the departmentel Eystem is used at the sixth grade
level, one teacher i1s responsible for the teaching of arithmetic
to these four groupse. Thus, what 1s taught to one group 1is
taught to all four groups with the methods and techniques of
preaaenting the materials varying to suit the abilities of the
particulsr group.

Those terms reiated to the fundamental processes show llttle
comprehension by the studenta. As long as the student understands
the basle concepts involved in these fundemental operstions, the
terns sﬁch gs product, addends, multiplicand, mirusnd, or subtra-
hend have little value or importance as far es the comprehenéion
of the fundamental processes are concefned. If the child 1is able
to understand the'processes of addition,}subtraction, multiplica~
tion, and division, why and how they operate and when to apply
them, it matters 1ittle“whét he calls the answers to these
processes or the numbers used in the specific problem. In a
gilven problem solving situation, the child i1s not taught to label
his answer product, difference, sum, or quotient as such. Rather,
he applles to the answer the terminology of the specific problem
he is solving, giving his answer a term such as dollars, pounds,
feet, or cubic inches. Emphasis should be plnoed on developlng an

understan&ing of these processes and the ability to make a
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practlical applicestion as to when to use them without relylng on
any glven oue in an arithmetic reasoning problem,

Significant at the .05 per cent level, the partial correla-
tlon of J16 for Grade 5 and .59 for grade 6 show a definite
relationship between arithme;;c computation and 1ts terminology
and therefore the necessity of understanding the vocabulary used
In tho statement of problems, Slnce thls relationship does
exlat, the teaching of the wvocabulary of arlithmetic should become
an Integral part of the arithmetlc curriculum. The child's
abillty to pronounce & word ls no indication of his cormprehensisn
of the term. Arithmetlcal terminology should be taught concretely
as a vital part of the erithmetle progrem. Understanding of thils
vocabu}ary should be evaluated by the teancher elther through the
use of written tests or orally during the aritimetic period. As
2 result of thils evaluation, terms»showing a lack of comprehension
should be retaught and clarified in the mind of the child.

0f the tefminology used in both Tests I and II, ten terms
were correctly defined in Test I and accurate application of the
term in Test II was accomplished by seventy=-five per‘cant,or more
of the sizth grade. Test results for Grade 5 show only three‘tcnm
usad in both tests were known by et 1eastfsaventy—five par oont
of the clzss. Compzring the rate of response beiwoon the terms
uned‘in Test I snd thé same terms appearing in Test II, it wes
fbund, at the fifth grade level, on Teat I, two terms ware known

by ninaty per'cent or more of the pupils, two by soventy~five to
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ninéty per cent, twelve by fifty to seventy-fivé per cent; three‘
by twenty-fiV9 to fifty per cent, and three terms were known to
less than twenty-five per cent of Grade 5. Results of Test IT
for these same terms show that no term was known by ninety per
cent or more of the class. "éix terms were known by seventy-five
to ninety per cent, six by fifty to seventy-five per cent, seven
by twenty-five to fifty per cent, and six by less than twenty-rive
per cent of the class.

For Grade 6, Test I, seven terms were known by ninety per
cent or more of the students, nine terms by seventy-five to ninety
per cent, five terms by fifty to seventy-five pear bent, and ons
term by twenty-five‘to fifty per cent of those testéd. "No term
was known to less than twenty-five per cent of Grade 6. (Comparing
this with the results of Test iI, seven terms were known to nine-
ty per cent or more, ten terms-bj seventy=flive to ninety per cent,
six terms by fifty to seventy~-five per cent, and two terms by
twenty-five to fifty per cent. No terms were known to less than.
twenty-five per cent of the entire ciass. None of the terms used
in both Tests I and II were known to the entire fifth or sixth
grade. ’ |

Appendix III, giving the results of all tests for each group
in fifth and sixth grade shows twenty—three stuaents or fourteen
per cent of the sixth grade were below grade level (6.8) at the
time the testing tbok place. More serious retardation 1s seen at

the fifth grade level with sixty-four students or thirty—nine per
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cent of the class below grade level (5.8). The yeérs of retarda?
tion for both grades-varies from- two months to three'years four
months. According to intelligence quotients, most of the students
below grade level in either fifth or sixth grade have the ability
to perform at 'a highquevei; A study of the reasons why these
pupils are not achleving would be beneficial, | 4

A re~avaluation of the arithmetical termlnology 15 necessary.
7his terminology should include only those terms having a vital
role in & meaningful understanding of the concepts of arithmetic.
Torminology used &n dally 1life should be of primary importance in
the arithmetic program and should be thoroughly explained until it
s understood by the child. Thils shguld include development of
| arithmetical terminology as used in the business field and
arithﬁetical terminology as it applies to the scliences.

Reconstruétion of the arithmetical progfam within the school
to insuré the teaching of arithmetical terminology by all teachers
would be a step toward thedevelopment of an understanding of these
terms by the students. Data indlcates that the departmental
system could prove to be an effective instrument in the improvemen
of the SOhoolis arithmetic programlby utilizing the.teacher mos?t
competent in the field of arithmetic for all sections. A testing
progrem should be devised which would include either written or
oral ‘tests or a combination of the two to ascertain if these

understanding have been grasped by the pupils.

\Ld
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Very often the childts report card is based upon how well he
performs on computational exercises. This grade then is nof a
trus measﬁre of his insight and understanding,df arithme tic but
how accurately he is able to mechanically manipulate the numbers
of & given exerciss. Modifyiﬁg report card grades to include not
only his more computational abilitieé but also the measurement
of the pupil's understanding of arlithmetic would Be another step

toward a better and more vital arlithmetic program within the

school.
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APPENDIX I

VOCABULARY TEST
PART I

This is a test in arithmetlec vocabulary. Read each statement
carefully and notice the underlined word or symbol. Decide which
answer best glves the deflnition of the word or symbol and circle
the letter of your answer on the answer sheet. For answers 25-36
write your answer in the blank provided on the answer sheet,

1.

3.

An gddend 1s

e
b.'

Ceo
de

- In which

Co

the answer to a subiraction problem,

one of the numbers added together in an addition
problen, -

the answer in an addition problem.

the resuld of a mulitiplicatlon problem.

of the following is it necessary to borrow?

is

a figure wlth four equal sides and four square
corners. '

a figure having three equal sides,

a four sided figure with four square corners,
a figure having unequal sides. ‘

A mixed number is

8
b.
Ce
de

8 Roman numeral.

a number wrltten out of order in a seriles,

a combination of a whole number and a fraction.
& number less than one.

The perimeter is
: a. tho distance inside a given figure.

b.
Coe
d.

one of the dimensions of a rectangle.

‘s unit of measure.

the distance around the outside of a figure,

95




1k.

15.

16.

18.

19.

20,

97

The selling price of a piece of furniture is

Be
b.

Coe

de

If asked
Ee
be
Ce
d.

the amount pald for having the furniture delivered.
the amount the furniture dealer paid when getting
the furniture from the factory.

the amount of money & customer must pay when buylng
the furniture.

the amount of money a ocustomer would like to pay for
the furniture. -

to find the product, you would

add the given numbers together.

multiply one number by the other.

subtract the smaller number from the larger.

find out how many times one number 1s contained in
the othsr .

Before adding or subtracting fractions, it is necessary to
have common denominators. These are

8.,
b.
Ce

d.

two or mors Iractions having the same value.

the same denominators for all fraction problems.
denominators having the same value for each fracticn
in a given problemn.

none of these,

An improper frection ls.

e
De
Ce

d.

e freciion eguel to less than one.
the same as s whole number,
a frection in which the numerator is 1ess thaen the

denominator,
a fraction in which the numerator is equal to or
larger than the denominator. ‘

The symbol which means the same as ) is

Re
b.
Ce
de.

Equal fractions are

8
be.
Ce
de
If a new
year

.
be

Ce

de.

fractions having the same value.
fractions having the same numerator.
fractions having the same denominator.

" fractions with a value of more than one.

coat costs as much &as the same kind of coat cost last

the ccat is free thls year.

you would pay less for the coat this year than las?t
year

vou would pay more for the coat this year than last
year

you would pay the same amount thils year as last year




21,

22,

23,

29.

33.

98

If you know the length of a room, you know
a. how wide the room is.
b. how many people can fit into the room.
ce how long the room is.
d. the area of the roome.

When i1t 1s 9 P.M. on a day during the week
s. you are in school.
b. you are probably getting ready for bed.
c. 7you are eating your breakfast.
d. you are just getting up after a. night!s reste.

John purchased a hate. John
a. bought the hat at the store.
b. took a hat that belonged to someone else.
c. received the hat as a present. :
de gave the hat to someone as & present,

Tom earned $12, 00 this month. Tom
8o received the money from his father.
b, was paid for some work he had done.
¢c. recelved the money.as a birthday present.
d., put his money. in a bank.

- 28. vwrite the correct numbers after the given terms.
25. Diffsrence

26, minuvend ' 21,68
27. Remainder 9869
28. Subtrahend " T079
- 32, : - :
29. Multiplier 68
30, Partial Products : 32
31. Product 135
32. Multiplicand - 20(0
- 36,-
157
3 . DiVi dend . ‘ .
3. Remainder : h3.) 0752
35. Quotient ' . %39
36, Divisor - 5i%
L2
301




37.

38.

39.

Lo

41;1.

L2.

43.

The word that means the same as the symbol — is

When
sign

"d. may be smaller than the numbers to the right.

If a

In using canecllation to solve a problenm

tvhon
left

- ¢. being divided by one hundred.

A danominatbr

a. must be exactly-the same as the numbers to the

99

a. mnminus. _ _ , .

b, pluse.
¢, &add.
4. divide.

using the symbol _= ‘the numbers to the left of the

- pright of the sign,. . _
b. rmst be twice as large as the numbers to the right.
¢, nmust be equal in value to the numbers to the right

" of the sign.

zero is annexed to a numbser, it 1s

2. taken away from the number. .

b, added to the number after the last aiglit.
¢c. subtracted from the number.

d, multiplied by the number,

a. & Common lTactor is removed from bocth the numerator
and the denominator.

b. the numerator and denominator are multiplied by &
common factor. : _

c. the same nuber is added to both the numerator and
the denoninator.

d.  the same number is subtracted from both the numera-
tor and denominatore. :

the decimal point in a nuumber is moved two places to the
the nunber is ‘ —
8. being multiplied by one hundred.

b. +ten times larger than the original number.

d. one hundred is added to the original number.

To deposit money means to

5. Indicates the number of equal parts into which

. something has been divided. '
b.. is a nuxber that must always squal the numerator.
c. indicates the number of equal parts being considereod
d. 1s a kind of fraction. .

6. withdraw the money from the bank.
b. losn the money to a friend. '
c. put the money into a bank.

d. borrow the money from a bank.

v




45.

L.

L7.

¢

L9.

S0

51.

100

A common fraction is
8. @& mixed number. :
b. & fraction in which only the numerator is expressed.
c. a fraction in which only the denominator 1s
expressed. o
d. a fraction in which the numerator and the
denominz tor are expressed.

Incone refers to

=. +the emount of money saved each year.

b. the amount of money earned each year.

¢. the amount of money spent during the yesar.
d. the amount of money glven as a gift.

A decimal point can be thought of as
5. o mark used when we abbreviate 2 worde
b. & symbol used to separate the place value one from
the place value one~tenth.
c. & period.
d. & mark that tells us where to pause vhen resading.

A decimal fraction is a fraction in which
5o the dencminator l1s ten or some power of ten and is
‘ not expressed.
b. +ths numerator is not expressed.
¢. the numerator and denominator are both expressed.
d. the numerator must be larger than the denominator.

volumo refers to

T. ths amount of space in a three dimensional object.
b. one of a number of books in s series.

c. the amount of space in a Two dimensional object.
d. the area of a room.

To invert a fractlon 1s to :
& multiply by the fraction '
b. reverse the position of the numbers in a fraction.
¢. find the sum of the fractionse.
d. find the common denominator.

The capacity of an elevator 1s
Q. oW much the elevator welghs.

b. how high the elevator goes. :
c. how much weight the elevator can safely carrye.
d. how old the slevator is. '

In 1/6 of 12, the word of moens
a. plus
b, divided bye.
c. timess
de. frone




53'

Sk

56,

57+

59
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what number is in hundredths place? T762.43
a. T

Do '
Ce
de.

In a decimal fraction the denominmtor is determined by
. &. the number of places to thie right of the decimal
point.
b. the number of plaoes to the left of .the decimal
.. point.
¢. the number of zeros in the decimal.
d. the largest number in the decimal.’

A centurz is

a long time.
b. every hundredth year.
c. & pesriod of ten years.
d. @& period.of one hundred yesrs.

Leag zear ococurs

every year.
b. every fourth year.
C. every other yoar,
d. every tenth year.

If something is marked 6", we know that 1t
8. welghs 6 pounds.
e i3 g feest long.
c. 13 O yards long.
de 1s 6 inches long.

A graph is

a. & part of a common fraction.

b. a plcture used to show relationship of a series of
. nubers to each other.

c. & puzzle to be solved.

d. the distance around a circle.

" Dimensions moans

a. To cut somsthing in half.

b. +to reducsd the size of something.

c. the length, width, or height of an objJect.
d. the distance around an cob jeot.

The terms of a fraction are
a. proper and improper fractlions.
b. mnmixed and whole numbers.
c. the numerator and denominator.
d. the lowest terms of a fraction,
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60. A square inch is | : :
7. o Tour sided figure that is one inch long and one
inch wide.
b. a three sided figure measuring one inch on each sids
¢, @& figure whose perimeter is one inch. '
d. one inch on your ruler.
61. How many millions are there in 49,306,4287
Ae
b 9
c. 306
a. L93
62. The welght of an object is
'Erg'ﬁow heavy 1t 1is
b. how long it . is.
c. how high it is.
d. how far it can be carried.
63. Depth refers %o
) a. how wide an object is.
b. how much money & person owes.
¢. how dsep an cbject 1is.
d., how many sides en object has,

! e L
Glte 4 pross is
25558

n. 1 dozen things.
b, 6 dozen things.

c., 12 dozen things.
d. 10 dozen things. '
65. The unit of measure that is equal to 5280 feet is called a
2. yard.
b. pound.
c. rod.
d. mile. ,
66. A cubic foot 1s a measure that ls
5. omne foot long, one foot wide, and one foot deep.
b. one foot long and one foot wide.
¢c. wider than 1t 1s longe.
de higher than it 1s long or wide.
67. vwhat does the symbol X mean in 8 ft. X 12 ft.?
s. 8 ft. from 12 It.
De 8 Tt by 12 fto
c. 8 ft. plus 12 ft.
d. O ft. or 12 ft.




68,

69.

70,

Tl

724

73

Th.

5.

103

Which
’ 8, 13. 2
ba 7105
c. 134
d. 13.72 ‘
If your father is paid twlce = month he receives his pay
2. once every month. :
b. on two different days during the month.
c. 6©Very week. ’ '
d. every other month. v
The unit of moasure that is 2000 pounds is th
a. ounce. '
[+ )8 yﬁl‘do
C. Qrosse.
d. ton.
A dozen 1is
g. 12 things,
be 2 things.
c. © things.
d., 13 things.
The number 1,68.32 has a in tens plk ce.
8. 3
b, &
c. O
d. 2
A foot is
z. a part of the humen body. -
b. a unit of measure equal to 12 inches in length.
c. a unlt of measure equal to 30 inches in length.
da ' )

something used for walking.

- phe Egpal is

. the whole or entire amount or quantity.

be
Ce
de.

what is left after subtracting two nunbers.
the heaviness of an object.
a unit of measuwrement.

Unlike fractions are

8o

b.

Ce
A

Traotlons having the same denominators.
fractions with equal denominators.

fractions equal to one.

fraoctions that are not equal to one another.

of the following is a reasonable answer for 7.3 - 6.327
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ANSYER SHEET - TEST I

51.
52.
53.
5.
55.
57.
58,

59.
60.

62.

66.

€8.
69.

70. .

T1.
T2.
73.
The
75.
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APPENDIX II
VOCABULARY TEST II

This 1s a test in arithmetic vocabulary. Read each statement
carefully and notice the underlined word or phrase. Declde
what this word or phrase means and then do what is necessary to
arrive at the correct solution to each problem.

1.

2e

mstimate the cost of L baseball bats that are sold for $3.98

entClis

1% aivided by 2k.

——ci

rigure is & rectangl

////P\\\\\ /// /// d.
Given the following addends, 769 and 3275, solve the problei.

which of the following is a mixed number?

g. 76
c. 3//).L
d.

If a square is 2 ft. on one side, what are the dimensions of
the other sides?

npadios reduced $5.00." What would you pay for a radio that
usually EEIIEf?or $36.957

105



9.

10.

1l1l.

12.

13

15.

16.

Pind the product of 37 and 82,

which are equal fractions?
a. 23/ and 1l/2 ’
b. 2/3 and 8/12
c. 2/6 and /2 .-
d. 3/6 and 1/3

106

Annex the number of zeros necessary to make the number L2,

one nundred times larger.

rind the perimeter of the following figure.

2. _inches

Yaur |

Using cancellation, solve the

'hich set of numbers ls equal
a. 274 — 2/L

b. 5 2/3 = L4 5/3
Ce 14.+2= L x 2
de 6 -3 = 6-—3

Change 16/2l, to lowest torms.

Invert the following fractlon,

problem 3/l x 6/15.

in value?

2/3;

To find a sum, which probiem would you solve?

e 10"8
b. 16 ¢ 8
c. 16 4 8
d. 16 x 8




17.

18.

19.

20.

21.

23.

2.

25.

107

A car travels 320 miles in 8 hours. What 1s the average
speed of the car per hour? :

In adding the fractions 3/8 + 2/3 + 5/6, what 1s the least

common denominator that can be used?

In the number 113.69 you call the e
a. @& period.
b. a cents mark.
Ce & COommI «
de« a decimal polint.

What 1s the denominator in the decimal .76%

Find 5/6 of L2,

Tho subtrshend is 406, the difference is 197. Find the

- minuende.

¢ive two types of improper fractiona.-

Name the decimal fraction.v

a. GO
b. 5/10
Ce .?2
d. L3

Find the quotient for 1308 - 12,




TEST SCORES FOR EACH PUPIL IN

APPENDIX IIT

~ GRADE.5 GROUP A

1 Arithmetic Gomputation | Vocabulary Test
Pupil Intsllligence I II
- gquotient . Grede Number Number Nunber
Equivalent right right rignt
1 145 75 36 6l - 21
2 13 7.5 36 62 18
3 133 8.5 L0 61 17
i 132 6.6 3] &8 15
5 131 Te3 35 52 19
o) 129 6.8 32 55 18
7 126 5.5 2l 57 1l
3 126 6.2 29 57 15
9 12 7ol 3 60 17
10 124 6. 30 ) 19
11 12l 6.2 29 g2 17
J2 123 5.6 25 58 13
1? 123 6.6 31 Sk 16
14 122 6.1 28 sk 16
15 121 5.8 26 . 59 15
16 121 6.6 31 L6 12
17 120 6.6 31 51 18
18 120 5.2 - 22 59 15
19 120 . 6.%, 30 56 18
20 118 6. 32 56 19
21 118 52 22 57 13
22 118 8.0 38 56 18
23 118 5.6 25 55 19
2L, 118 5.8 26 L9 16
25 117 7.1 3 53 15
26 117 6.0 27 51 12
27 116 5.8 26 L8 1§
208 116 6.8 32 56 15
29 115 6.% 30 50 11
30° 11 Se 25 L5 13
31 112 53 23 L9 12
32 111 6.8 32 L7 §
33 109 8.0 38 52 15.
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TEST SCORES FOR EACH PUPIL IN
GRADE 5 GROUP A

(continued)

109

Arithmetic Computatlion

Vocabulary Test

Intelligence I II
Pupll quotient Grade Number Number ¥umber
Equivalent right right right
3l 109 5.0 21 8 13
.35 108 5.5 2l 2 12
36 108 6.4 30 L3 12
37 104 545 2 8 12
38 103 6.8 32 1
37 103 5.3 23 o1 13
Lo 102 1.0 1l 50 11
e o7 B 19 L2 10
L2 o5 4.8 19 42 7




TEST SCORES FOR EACH PUPIL IN

GRADE 5 GROUP B

110

v Arithmetlc Computation Vocabulary Test
pupil Intelligence 1 II
quotient Grade Kumber Humb er Number
Equivalent right right right
1l 131 7.5 36 6 19
2 129 6.1 28 S 17
ﬁ 129 75 6 58 15
128 8.8 i élL 19
5 126 5.6 25 60 13
6 123 7.0 33 é% v 16
: 12 sk | % 5 | B
2 120 5.% 26 57 16
10 119 %.5 19 52 9
1l 119 ) 31 52 12
13 118 e 35 2 1
;i 118 5.6 25 gg iR
15 117 8e2 39 50 1
16 116 %.9 20 Ll 11
17 116 .8 32 60 13
18 115 Tl 3l 118 16
19 115 7.0 33 EB 13
20 113 6.6 31 T 8
21 110 6.8 32 41 13
22 109 5.8 26 5 1
23 108 6. 30 L 10
2 108 L.9 20 Lo 10
2 108 5.0 21 39 8
26 108 3.8 12 Lo I
27 1.07 6.1 28 L8 1%
2 105 e 0 o 5
30 105 L. %% L5 11
31 105 h-ﬁ 17 48 9
32 103 5.0 21 L3 11
Eé 103 5.8 26 9 1§
3 103 o9 13 2
35 102 3.9 20 37 6
36 102 Se3 23 37 7
37 102 l .8 19 L2 9
38 101 5.3 23 51 11
9 98 Ire9 20 Lo 9




TEST SCORES FOR EACH PUPIL IN

GRADE 5 GROUP C

111

Arithmetlc Qomputation Vocabulary Test
pupil Intelligence I IT
quotient Grade Number Number Nunber
Bqulvalent right right right
1 125 6.y 30 Sh 13
2 12 8.0 38 0 15
122 6.0 27 9 12
ﬁ 121 6.1 28 53 16
5 120 8.5 Lo 59 19
6 120 7.1 3 55 20
7 119 8.0 3 59 22
8 119 Te3 35 - 56 lﬁ
S, 118 8.2 39 60 1
10 118 6.0 27 50 1l
11 117 7.1 &u 10 13
12 117 8.5 0 1 17
13 116 7.0 3 53 17
1% 115 7.1 3l g 16
15 11h Tel 37 57 17
16 113 O.iy 30 L i2
17 112 6. 28 50 1l
18 111 6.l 30 39 12
19 in 6.% 31 53 13
20 109 5.5 2L 35 12
21 108 5.0 21 - 38 11
22 107 8.0 38 - .53 13
2 107 ;.8 19 IV 12
2 106 %.1 15 gl 8
25 106 2 39 - 59 15
26 106 5.0 21 29 5
27 104 5.5 2ly 33 6
28 1u3 50 21 31 7
29 102 5.8 26 35 11
30 - 102 6.1 30 35 13
31 102 5e3 23 3% 9
32 102 5e3 23 11
33 101 5.0 21 36 3
3h 101 6.2 29 33 O
35 100 5.5 2ly in
2 % 212 21 2 :
» 93 é.s 1 %0 5
9 o1 .0 2 3
0 86 3.5 10 22 8
L1 aly Lol 15 22 5




TEST SCORES FOR EACH PUPIL IN

GRADE 5 GROUP D

y-4
)
N

Arithmetic Computation

Vocabulary Test

woll Intelligence I I
Pup quotient Grade Number Tumber Number
Equivalent right right right
1 122 7.3 35 53 18
2 121 0.1 28 sl 13
ﬁ 120 7.0 33 59 17
120 6.1 28 L9 13
5 118 7.3 35 59 18
6 118 6ol 28 52 12
7 115 Sy 30 c2 15
8 113 7.1 3% 53 13
@ 113 745 3 52 17
10 113 7.1 3 L7 17
11 113 6.6 31 48 12
12 113 6a2 %ﬁ 53 13
13 112 7.1 ' 50 17
ii 112 Se3 23 41 12
15 112 7.3 35 52 Lit
16 e To3 35 5 16
17 112 740 33 56 16
18 112 5¢3 23 ﬁ9 yin
19 112 5.8 26 51 13
20 111 6.2 29 60 17
21 111 8.0 338 61 20
22 110 6.0 27 L5 12
2 109 6.8 32 50 17
2 109 .2 22 L8 12
25 108 . 20 3 1
26 108 .é : 30 3 12
27 107 5. 25 I3 1l
28 107 6.1 28 50 10
29 106 6.0 27 Sk 13
30 10l L9 20 33 15
31 103 3.9 13 27 g
32 102 5.8 26 Lo 1l
%ﬁ 101 5.8 26 ag 11
100 ol 1 2 7
35 93 7.1 3& L9 Ly
36 96 Lo - 28 5
37 95 3.8 12 Ly 12
38 21 3.8 12 22 )
39 85 : 3-%' 9 17 O
Lo 81 3e 12 2l L




TEST. SCORES FQR EACH PUPIL IN

GRADE 6 GROUP Al

113

Intelligenée

Arithmetic Computation

Vocabulary Test

Pupil I II
quotient Grade - Number Nunb er Number
Equivalent right right right
1 135 10.5 Ll 73 2l
2 133 8.5 Lo 70 2l;
: 132 9.y 42 70 23
ﬁ 130 7.0 ﬁa 68 23
5 129 10.5 : 70 23
6 128 Te7 37 71 22
7 127 8.0 18 71 21
o 127 9. L2 70 23
9 126 745 36 €5 23
10 125 10.0 I3 €9 23
11 12 9.y L2 66 22
12 g2l 8.5 Lo 66 20
13 123 8.0 8 66 2k
i 122 10.0 3 72 23
15 121 9y L2 66 21
16 121 6ols 30 60 20
17 121 845 10 62 22
18 121 8.8 L1 72 211
19 120 8.8 L1 68 2
20 120 7.7 37 56 1
21 120 7.1 3 6l 2l
22 119 8.2 39 59 21
23 119 75 36 59 19
2l 119 8.0 38 60 2l
25 119 8.0 8 68 23
26 118 9.k 2 65 23
27 116 8.2. 9 62 2
28 116 2.8 1 69 22
29 b 8.2 9 59 21
30 11 8.5 0 57 21
3 112 10.0 b3 6l 22
32 111 8.8 - 41 57 16
3 110 8.2 39 65 2l
3 109 8.2 9 62 23
35 108 8.5 0 59 21
36 108 77 37 68 - 19
37 107 6.1 28 60 15
38 10l To7 37 50 15
39 102 7.1 3l 56 19
L0 101 Oely 30 59 17




TLST SCORES FOR EACH PUPIL IN

GRADE 6 GROUP Bl

Arithmetlec Computation | Vocabulary Test
' Intelligence I II
Pupll quotients Grade Number Number Number
Equivalent right right right
1 130 7.7 7 oy 2l
2 130 8.8 ﬁl 65 21
‘ 129 11.0 L5 69 22
é‘ 128 8.5 Lo 67 2l
128 10.5 Ll 69 2l
6 126 10.0 L3 67 2l
7 126 8.0 38 70 2l
-8 122 8.C 38 66 22
9 122 Te3 S 61 i
10 121 8.8 1 68 23
11 121 8.2 9 65 22
12 120 8.5 0 €8 23
i3 117 9uly L2 57 23
1l 117 6.8 32 60 15
15 117 8.8 1 63 25
16 117 7ol 59 18
17 117 9.y &2 67 22
18 116 10.0 i3 67 23
19 116 8.8 L1 68 22
20 1§ﬁ 5.0 21 55 21
21 1 - 8.2 39 67 2
22 11y 8.2 39 65 2ﬁ
2 113 8.0 38 €y 23
2 112 6.2 29 sk 20
25 112 8.2 39 60 20
26 111 8.0 38 63 21
27 111 TeT 37 Y 20
28 110 9.y L2 o 20
29 109 T3 35 62 20
30 108 8.2 39 62 22
31 107 7.1 aly 61 17
32 107 7T 37 58 19
3 107 T+5 36 60 18
3l 105 7.5 36 62 21
35 105 6.8 32 55 17
36 10hL 7.5 6 61 2
37 103 8.8 ] 53 20
- 38 102 Te3 35 59 1l
39 101 75 36 62 16
Lo 101 6.2 29 L8 1k
L1 100 5.3 23 1.7 1)
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TEST SCORES FOR EACH PUPIL IN
: GRADE 6 GROUP Cl

ArItometic Computation Vocaoulary Test
11 Intelligence I II
Pup quotients ¢rade Nurb er Number Nuxber
Equivalent right right rignt
1 122 8.2 39 59 23
2 122 T 5 67 2%
3 120 8.5 ) 67 2b,
L 120 8.5 10 66 Y
5 1.20 75 EO c% 22
6 119 9.l 12 é 23
7 116 Te5 ié 62 23
8 118 10.0 3 67 2l
9 - 117 8.5 Lo &5 21
10 117 9.ely L2 08 2l
11 115 740 33 59 18
12 116 Se2 35 52 z
13 116 Eo5 .0 67 22
1h 116 8.8 L1 o) 2l
15 115 842 9 €6 21
16 11l 8.5 0 63 21
17 113 8.5 Lo €l 25
18 113 8.2 39 cl 22
19 113 8.2 .?9 60 16
20 112 10.5 ;% 73 2l
L 111 745 3 57 1l
22 111 7.0 33 65 22
2 111 6.8 32 61 20
2 - 110 6.8 32 59 17
25 109 T3 35 57 20
26 109 73 35 56 15
27 108 Tel 37 o1 19
28 108 Te5 36 68 2%
29 107 Guly 30 55 16
30 107 7.0 33 Sl 15
31 107 8.0 28 62 15
32 105 82 39 56 )
33 105 7.0 33 50 12
i 1105 7.0, 33 56 18
35 10iL 75 36 L9 13
36 10L 8.0 38 o7 22
37 102 75 36 63 20
38 96 0.1 28 }JFO .-:)
59 95 7.1 3L 51 1y
L0 92 6.1 28 55 20
L1 o1 6.0 27 L7 5




TEST SCORES FOR EACH PUPIL IN
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_ Arithmetic Computation| Vocabulary Tes%t
Pupil Intelligence I IT

- quotient Grade Number Nurb er Yurber

Equivalent right right righ%
1 125 8.5 Lo 62 25
2 117 8.0 38 66 23
3 116 Te7 37 56 19
& - 115 740 23 ol - 23
5 115 8.5 10 59 19

6 112 8.2 39 59 21
7 112 8.2 39 61 21
8 112 10.0 +3 c1 2%
o 112 8.2 ES) 66 19
10 111 77 37 &l 21
11 110 8.2 3 57 22
12 20 0.0 27 51 1
13 109 8.5 Lo 57 16
1 109 8,0 38 cly 20
15 109 8.8 L1 62 19
10 108 8.2 39 - 63 19
1.7 108 6.6 31 53 18
18 108 8.0 33 57 15
19 108 7.5 36 53 10
20 107 7.5 36 50 18
21, 1.0 8.2 39 58 21
22 10 77 37 55 21
SR T O N S
25 103 L .0 1 16 12
26 102 L. 17 7 9
27 - 102 6.6 32 35 9
28 1L 5.3 23 L2 17
29 101 7e3 35 52 17
30 100 7.1 -3l 56 16
31 99 8.8 L1 %0 21
32 99 8.2 39 59 21
3 99 7.5 36 50 T
3 o8 6.6 31 56 1l
35 98 5.6 25 33 10
36 97 Te3 35 1 1k
3% 9g gg 22 li9 1%:,

3 9 . 2 L0

9 95 E.S 10 31 ﬁ
L0 89 N i 35 L
L1 75 3.5 10 30 3
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