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CHAPTER 1
INTRODUCTION

Can the results of the teaching of the four fundamental opera-
tions in arithmetic be improved? This is an important question thet
confronts most teachers of arithmetic. S. A. Courtis of Detroit,
Michigen, reports that seventy per cent of eighth grade children do
not attain an acocuracy above seventyl. Charles He Judd mekes the
statement that there is no subject in the curriculum of the elemsntary
school in which feilure is so common as it is in arithmetic; and
mathematics in the high school bars the road to intellectusl progress
more frequently than do all other subjects oombinedz.

How can the teacher eliminate the difficulties whiech interfere
with pupil progress, and reduce the number of failures in arithmetic?
A%t the beginning of a school ysar, the teacher many times i1s not closely
informed as to the spread in abilities of her pupils. But she realizes
that within one grade a wide variation in the range of the achievemsnt
of pupils may exist., She 1s better prepared to deal with the errors
and failures of her pupils if these wesknesses in achievement and
ability cen be located. A group diagnostic test will show not only the

level of ability of pupils in the various operations, but will point

l. Brown, J. C., and Coffmen, L, D. How to Teach Arithmetic. Chicago,
Row, Peterson & Co., 1914. p. 38,

2+ Judd, Charles H. The Psychol of Social Institutions., New York,
The Macmillan Co., 1926. pe. 358,




out weaknesses so that the teacher may organize her work in such a way
as to give tims to those who are below the standard and omlt deadening
drill for those who are above. These statements furnish the incentive
and background for the problem of this thesis.

To be more specific, the problem of this thesis is stated as
follows: "A Study of the Mathematical Ability and Achievement of Eighth
Crade Pupils in the Four Operations in Decimal Fractions"., In order to
determine what results might be obtained in respect to the problem, a
study was undertaken in the Dodge City Junior High School during the
year of 1937.1938, to determine specifically where eighth grade pupils
are most deficient in the fundemental operations in decimals and to
design a special remedial program to eliminate these deficiencies, It
is the teacher's task to reduce the number of failures in arithmetiec
without lowering the standards,

A number of recent studies have been made in thie problem, Xdna
E. Sehlegel diagnosed pupils' difficulties in decimamls and found that
pupils do not have adequate concepts of the mumerical value of decimals
nor mastery of the basic combinationss.

Isabelle Johnston studied the aritimeticeal errors of eighth grade
pupils and concluded that the errors were due to carelessness, lack of

4
ability, and faulty comprehension ,

3+ Schlegel, Edna E, "A Diagnostic Study of Pupil Difficulties in the
Fundemental Operations in Deeimels®, Master's 1635, Pittsburgh.

4. Johnston, Isabelle, "An Experiment in Teaching Junior High School
Mathematics”, Master's 1935, University of Cineinneti,
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In 1926, a coomittee of seven of the Superintendents' and

Principals*® Association of Northern Illinois, with the cooperation
of several superintendents of schools, made an investigation to deter-
mine if the stendards toward which our schools are working in the fundae
mental operations in arithmetic conform with social needs and practices.
The following statement is taken from their report, "Children gradusting
from the eighth grade do not possess anything like as mueh skill in
addition and subtraction as social needs spparently demand., On the
other hand it is likely that under the spur of social need, the better
half of them will acquire the necessary skill., Children graduating
from the eighth grade have somewhat more speed and accuracy in multi-
plication and division than have intelligent adultss."

A atudy6 of the arithmeticeal disabilities of high school students
was made by Mildred M, Clyde to determine the arithmeticel understandings

and abilities of the mathematics students of the Stowe Township High

4. The committee of seven consisted of the following men: Harry O.
Gillet, principal of the University Elementary School, University of
Chicago; Floyd Geoodier, Superintendent of schools, Chicago Heights,
viece-chairmen; W, J. Hamilton, superintendent of schools, Oak Park;
E. E. Lewis, superintendent of schools, Rockford; W. C. Reavis,
prineipal of the University High School, University of Chicago; J.
Roy Skiles, superintendent of schools District 76, Evanston; and
Carleton W. Washburn, superintendent of schools, Wimnetka, chairman.

5. Washburn, Carleton W. "Social Practices in Arithmetiec Fundementals®,
Elementary School Journal, XXVII (September, 1926), Dp. 60-68,

6+ Clyde, Mildred M. %A Study of the Arithmetical Disabilities of High
School Students."” Master's 1934, Pittsburg.




Sehool by means of a standardized dlagnostic test. She discovered the
nature and extent of the disabilities existing, and compared the
arithmetical performances of grades 9-12 to obtain the measure of
improvement found in successive grade levels in this school.

Marion Ellen Bowdren traced the causes of failure of five children
in the fifth and sixth grades in a school in a suburb of Boston, and
showed specific work done with each c¢hild in overcoming his failure and
renewing his sense of abilityvo

Sister M. Leonardilla, in a s‘l:udy8 found that the various types of
pupil difficulties can be eliminated by means of proper attention and
instruction, and that pupils of low intelligence are capable of improving
when given individual attention as needed.

Margery Lucile Settle made a studyg of the errors in the eighth
grade in forty-two schools in Me¢Lean County, Kentucky, and an analysis
of six arithmetie work books to determine whether or not pupils who use
them eould obtain adequate drill to meet the difficulties found in eighth
grade arithmetie,

The general procedure employed in carrying forward the project in

7. Bowdren, Marion Ellen. "Five Case Studies of Arithmetie Fallures.”
Master's 1934, Boston University.

8, Leonardilla, Sister M, "Third Grade Diagnostic and Remedial Work in
the Four Arithmetic Fundamentals.” Master's 1932. Indiana State Teachers
College. .

9. Settle, Margery Lucile. "The Difficulties in Eighth Crade Arithmetic
and the Frequency of Their Appearance in Work Books". Master's 1934,
Kentueky.




the Dodge City Junior High School eighth grade may be deseribed in terms
of four steps, namsly, (1) the measurement of mental ability, (2) the
diagnostic test of the arithmetical ability in decimals, (3) the program
of remedial instruction, and (4) the tests used to determine the improve-
ment, if any, resulting from the remedial instruction.

This testing program began at the end of the first month of school,
By then the "warming up process" or review work which was necessary to
overcome the retrogression in ability in aritmmetic which oceurred
during the summer vacation was completed. A more reliable picture ef
the conditions was secured then by a test given immediately after the
opening of aéhool.

On September 27, 1927, the Hemmon Nelson Test of Mental Ability,
Form Alo(see page 100) was given to the pupils of the eighth grade to
determine the mental age and the intelligence quotient of each pupil.

On September 28 and 29, 1937, the Compass Diagnostie Tests in
Arithmti.c:u'rest IX, Form A, Addition, Subtraction, and Multiplieation
of Decimals (see page 101), and Test X, Form A, Division of Decimals
(see page 103), were given to determine the weaknesses of each pupil
s0 that the remsdial instruction could be given to those below standard.

Forms B of Tests IX and X of the Compass Diagnostie Tests in

Decimals were to have been given later, but since these tests were not

10, Henmon, V. A. C., and Nelson, M. J. The Henmon Nelson Tests of
Mental Ability. Chicago, Houghton Mifflin Co., 1931,

11. Ruch, G, M. and others, Compass Diagnostie Tests in Arithmetic,
Chicago, Scott, Foresman and Co., 1925,




available at that time, the Forms A were given again on March 23 and
24, Then, on March 25, the Brueckner Disgnostic Test in Deei.tmalslz
(see page 103) was given to obtain a more accurate result of the
achievements of the pupils in the remedial program in decimals,

All specified directions for administering the tests were care-
fully followed. Since the quality of children's responses depends
upon a favorable attitude, one of the important items of this testing
program was to make certain the children were at ease before starting
the tests.

After the tests were checked the data were assembled in the form
of tables. Only very simple statistical methods were applied to the

data secured from the testing program.

[]

18, Brueckmer, Leo J. Diagnostic Tests in Decimals. Minneapolis,
Educational Test Bureau, 1929,




CHAPTER 1II

A PRELIMINARY SURVEY OF THE PUPILS TESTED

Dodge City, located in southwestern Kansas, has a population of
ten thousand. It is a commercial, distributing and retail eenter,
and is the primary market for grain, poultry, and dairy products of
southwestern Kansas, eastern Colorado, and northwestern Oklahoma.

The leading industries of Dodge City include Santa Fe railroad
shops, flour milling, ecresmeries, canvas goods, bakery products,
conerete products, electrical power, bottled beverages, processed
sheet metels, general machine shops and foundry. A large wholesale
business is done in agricultural machinery, building materials, hard-
ware, auto supplies, automobiles, furniture, and groceries.

Dodge City has five grade schools, a junior high school, a senior
high school, and a junior college. The people take much pride in the
school system.

About six per cent of the parents of the eighth grade pupils belong
to0 the business and professional class, while about fifteen per cent of
. the pupils coms from homes dependent upon the W.P.,A, or direct relief
for support. The majority of the pupils are from the middle walks of
life, Many of these pupils will graduate from high school, but will
not complete their college education. A few will guit school before
completing their high sehool work, and for this reason, 1t is desirable

to diagnose and remedy the deficiencies in arithmetic,




One hundred seventy-two pupils took part in this experimemt. In
planning this program, it was decided to exclude the scores of those
pupils who moved away before the testing was completed, and the scores
of those who entered school after the testing program was started.

The scores of seventeen pupils were excluded. There were one hundred
fifty-five pupils who took part in the entire experiment, seventy-eight

girls and seventy-seven boys.




Table I The Chronological Ages to the Nearest Third Month
Years - Months Number of Pupils
186 - 6 1l
186 = 3 0
16 - 0 1
15~ 9 1
15 - 6 1
18 -« 3 4
15 - 0 2
14 - 9 10
14 - 6 8
14 - 3 11
14 - 0 10
13 - 9 17
13 - 6 20
13 - 3 33
13 - 0 15
12 - 9 17
12 - 8 2
12 - 3 i
12 - 0 0
11 -9 1
Total 155

The pupils' chronological ages, to the nearest third month, ranged
from eleven years nine months to sixteen years six months. The median

ehronologicsel ages to the nearest month was thirteen years seven months,
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Table II The Mental Ages of the Pupils
Years-Months No. of Pupils Yeers-Months No, of Pupils

17 - 4 1l 13 - 8 5
17 = 3 0 13 - 5 0
17 - 2 0 13 - 4 0
17 = 1 0 13 -« 3 4
17 - O 4 13 - 2 7
16 - 11 (o] 13 - 1 (]
16 -« 10 (v} 13 -0 3
16 = 9 0 12 - 11 0
16 -~ 8 3 12 - 10 5
16 = 7 (o} 12 - 9 3
16 - 6 (o} 12 - 8 8
16 = & (o} 12 - 7 5
16 = 4 5 12 = 8 0
16 « 3 0 12 = 5§ 3
16 - 2 (o} 12 - 4 3
16 - 1 0 12 - 3 1
16 = 0 7 12 = 2 2
15 - 11 o 12 -1 0
15 - 10 (v} 12 .0 2
15 - ¢ 0 11 - 11 0
15 - 8 4 11 - 10 1l
15 - 7 0 11 - 9 B
156 - 6 0 11 - 8 1
15 - 5§ 0 11 = 7 0
15 - 4 3 11 - 6 2
15 - 3 0 11 - 5 l
15 - 2 10 1 -4 1
15 - 1 0 11 - 3 3
15 - 0 5 1l -2 2
14 - 11 L¢] 11 =1 1
14 - 10 é 11 -0 1
14 - 9 0 JO - 11 (0]
14 - 8 7 10 - 10 l
14 - 7 0 10 = 9 0
14 - 6 4 10 - 8 3
14 - 5 (v] 10 - 7 0
14 - 4 (¢] 10 - 8 1
14 - 3 5 10 - 5 0
14 - 2 0 10 = 4 1l
14 - 1 (o} 10 - 3 (o}
14 -0 7 10 = 2 (o}
13 - 11 o 10 -1 0
13 - 10 8 10 -0 (o]
13 . 9 5 10 - 11 0
13 - 8 0 9 - 10 0
13 = 7 0 9 -9 1

Total 158




The pupils' mental ages, as found by the results of the Hemmon-
Nelson Test of Mental Ability, ranged from nine years nine months to
seventeen years four months., The median mental age to themearest

month was thirteen years ten months.

Table III The Intelligence Quotients of the Pupils
I_cl% No, of Pulils TeQo No. of PuEilB
136 = 99 4
135 0 98 5
134 0 o7 4
133 2 96 5
132 0 95 4
.1 2 94 3
130 0 93 2
129 0 o2 4
128 & 91 0
127 0 20 1
1286 1 89 1l
125 3 88 3
124 0 a7 2
123 2 86 1
122 0] 85 2
121 6 84 6
120 (¢] 83 1l
11¢ 3 82 0
118 2 8l 0
117 0 80 4
116 4 79 3
1186 2 78 2
114 3 77 2
113 1l 76 1l
112 5 75 3
111 8 74 1
110 8 73 0
109 1l 72 0
108 9 71 0
107 2 70 X
108 3 é9 3
105 0 68 0
104 S a7 0]
103 1 66 1
102 ? Total 158
101 2
100 4

“The pupils' intelligence quotients ranged from 66 to 136, with &
median of 102.36.
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Table IV Compass
Additio
of Dec
Seore No. of P ipils
183 1
182 0
T2a T ot 0
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Table V Age Equivalents as Found by the Compass
Diagnostic Test: Test IX, Form A, Additionm,
Subtraction, and Multiplication of Decimals

(September 28, 1¢37)

@
m
H
1]
]

Months No. of Pupils

()
(2]

UL R L L S SO O A

POO0OWRDONARDOWRODORS

n

Below 10 - 6
Total

[
o
o

The Age equivalents as shown by ths norms given for the Compass
Disgnostie test: Test IX, Form A, Addition, Subtraction and Multipli.
cation of Decimals, ranged from below ten years six months to fourteen
years six months. The median age equivalent to the nearest tenth of a

month was twelve years six and six-~-tenths months.




Table VI Grade Equivalents as Shown by the Compass

Diagnostic Test: Test IX, Form A, Addition,
Subtraction, and Multiplication of Decimels

(September 28, 1937)

Grade No. of Pupils
HS 39

L8 9

H? 15

L7 18

H® 23

Leé 16

ES 1n

Below H § 26

Total 158

The grade equivalents as shown by the norms given for the

Compass Disgnostie Test: Test IX, Form A, Addition, Subtraction,

and Multiplication of Decimals, ranged from helow fifth grade to

high eighth grade. The median grade equivalent was low seventh

grade,

1%




Table VII Compass Diagnostic Test: Test X, Form A

Division of Decimals (September 29, 1937)

Seore No. of Pupils Seore No. of Pupils
117 1 59 2
116 i 58 3
115 0 67 4
114 1 56 4
13 0 55 0
112 T 54 3
11 2 53 2
110 0 52 2
109 0 51 1
108 b § 50 3
lo7 0 49 0
106 2 48 2
1086 0 47 2
104 0 48 3
103 3 45 3
102 0 44 1
101 2 43 2
100 0 42 6

99 0 41 0
98 1 40 3
97 0 39 4
96 1 38 2
95 L 37 3
94 0 36 3
93 3 35 2

£¢
“o
B




Table VIII Age Equivalents as Shown by the Compass
Diagnostic Test: Test X, Form A, Division

of Decimals (September 29, 1937)

5
=}
g

Years - No. of Pupils

14
14
14
13
13
13
13
12
12
12
12
11
shlp
Below 11 - 8
Total

R e e
OO@NHNN##&

VO NAOVDOWOODOW®

0o
(L S

&
o

The age equivalents as shown by the norms given for the Compass
Diagnostie Test: Test X, Form A, Division of Decimals, ranged from
below eleven years six months to fourteen years six months. The
median score was too low to classify - below that of eleven years

six meonths.
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Table IX Grade Equivalents as Shown by the Compass
Diagnostic Test: Test X, Form A, Division

of Decimals (September 29, 1937)

Grade _No, of Pupils
HS8 42
L8 4
BEY 2
L7 3
HE 0
Below H 6 104
Total 155

The grade equivalents as shown by the norms given for the
Compass Diagnostie Test: Test X, Form A, Division of Decimals, ranged
from below high sixth grade to high eighth grade level. The median

score was too low to classify - below that of high sixth grade level.




The results of the Compass Diagnostic Tests in the fundamental
operations in decimals show ean urgent need for a special study of the
pupils' work for the prupose of locating the exact causes of the
difficulty in decimals, and designing a special remedial program to

eliminate these deficiencies if possible.




CHAPTER III
THE REMEDIAL PROGRAM

In general, there are three types of diagnostic procedures: the
survey, the analytical, and the psychological., The Dodge City program
included all three of the procedures. It was a survey program, in that
the seores of the pupils were compared with the standards to determine
the erithmetic grade and age of each pupil as well as the c¢lass in the
four fundamental operations in decimals, It was analytical, in thet
the mistakes wers analyzed to determine the typss of problems with
which the pupils had difficulty, and it was psychological in that there
was an attempt to discover the cause of the errors by an analysis of
the pupils' written work. Individual exeminations were given to a
number of pupils by having them work problems aloud when unusual
methods were discovered or proper progress was not made in the remedial
program.

Arithmetic lends itself readily to analytical treatment as far as
the elements involved in computation in arithmetic processes are eon-
cerned, for it is made of habits, skills and general abilities,

The basis of this analysis was a study of the written work of ons
hundred fifty-five eighth grade pupils of the Dodge City Junior High
School., After the tests had been given, the incorrect examples were

studied to determine the causes of errors., Many peculiar errors,




faulty types of procedure, anmd special difficulties were found in the
work of the pupils. The errors were classified according to type. The
total number of different types of errors found was sixty-six. The
number of errors were distributed as follows: general difficulties in
reading, writing, and converting decimals, 6216; difficulties in
addition, 263; difficulties in subtraction, 249; difficulties in multi-
plication, 1727; and difficulties in division, 6563, The tables con-

tain the classification of a total of 15018 errors.,




Table X Difficulties in Reading, Writing

and Converting Decimals

Frequeney
l. Lack of comprehension of the numerical value of
decimals 518
2+ Lack of comprehension of the place value of numbers 400
3. Difficulties in expressing a decimal number in words
a. Errors in spelling 33
b, Omission of essential words 6L
e. Inability to write decimal fraction in words 182
4, Difficulties in reading and writing decimals
a, Inability to write decimal fractions in figures 342
be Omission of decimal point 41
Ge Misplacing decimal point 297
d, Inability to express a common fraction or a
mixed number as a decimal 830
8, Zero difficultles
(1) Extra zero in answer 192
(2) Misplacing zero 19

8, Difficulties in writing decimals as common fractions

. Inability to reduce fractions to lowest terms 266




Table XI Difficulties in Addition of Deeimals

Ll g

Frequency

1, Errors in number combinatien 74
2. Difficulties peculiar to decimal situations

a, Errors in placing decimal point 39

b. Misplacing the whole number 94

¢, Omission of decimal point 31
3. Other difficulties

a. Not attempted 9

b. Incomplete 6

e+ Miscopied 10
Total 263

There were 9 problems in this part of the test. The possible
number of errors for the entire elass was 1395, (Assuming an error
by every pupil on each problem). The percentage of errors and

omissions to the nearest tenth of a perecent was 18,9%.




Table XII Difficulties in Subtraction of Decimals

Frequency

l. Difficulties basic to any subtraction

a. Carrying d.tr\rioulties 28

be Errors in subtraction facts 27

¢s Zero difficulties 10

d, Reversed subtrahend and minuend 6
2, Difficulties peculiar to decimal situations

a., Misplacing decimal number in subtrahend 53

b. Decimal point omitted 19

¢. Misplacing decimal point 27
3. Other difficulties

a. Not attempted 54

b, Failure to follow directions 8

¢, Incomplete 9

d. Miscopied 8
Total 349

There were 9 problems in this part of the test. The possible number
of errors for the entire class was 1395. (Assuming an error by every
pupil on each problem.,) The perecentage of errors and omisaions to the

nearest tenth of a percent was 17.8%.




Teble XIII Difficulties in Multiplication of Decimals

Frequeney
1, Diffieculties basic to any multipliecation
@. Errors in multiplication 139
be Errors in adding partial products 27
¢. Zero difficulties 77
2. Diffieulties peculiar to decimal situations
a. Placement of decimal point
(1) Mispleecing decimal point 738
(2) Omitting decimal point 1o
b, Placing of zero
(1) Failure to prefix zero 38
(2) Failure to annex zero 20
(3) Prefixing unnecessary zero 36
(4) Annexing unnecessary zero 92
3. Other difficulties
a. Not attempted 417
be. Incomplete 27
e¢. Miscopied T -
Total 1727

There were 34 problems in this part of the test. The possible
pumber of errors for the entire elass was 5270. (Assuming an error by
every pupil on each problem)., The percentage of errors and omissions

0 the nearest tenth of a parcent was 32,5%.




Table XIV Difficulties in Division of Decimals

25

Frequenecy
l, Difficulties basic to any divieion
a, Errors in division 309
b. Difficulties with trial divisor 133
¢. Number omitted in quotient 34
4., Errors in multiplication 70
8. Errors in subtraction 6l
8., Difficulties peculiar to decimal situations
a, Placement of decimal point
(1) Deecimal point misplaced 1822
(2) Decimal point omi tted 170
(3) Using decimal point when unnecessary 184
be. Placement of zeros
(1) Failure %o prefix zero in quotient 159
(2) Failure to add zero to dividend 252
(3) Feilure to add zero to quotient 714
(4) Annexing unnecessary zeros to quotient 154
(5) Prefixing unnecessary zeros to quotient 126
(6) Putting zero in wrong place in quotient 43
3, Other difficulties
a, Not attempted 1890
b, Incomplete 47
¢. Failure to follow directions 387
d. Misecopied e
Total 6563




&0

There were 73 problems in this part of the test. Assuming an
error by every pupil on each problem, the possible number of errors
for the entire class was 11316, The percentage of errors and omissions
to the nearest tenth of a percent was 58,0%.

On the entire test, there were 207 problems. The possible number
of errors for the class was 32085. (Assuming an error by every pupil
on each problem). With 15018 errors and omissions, the percentage to
the nearest tenth was 46.8%.

Many peculiar errors, faulty types of procedure, andi special
difficulties were found in the work of the pupils. The following

illustrations will show some of the faults most commonly found.

DESCRIPTION OF GENERAL DIFFICULTIES
I. Lack of comprehension of the numerical values of decimals
A. Illustration.-~Drew a line under the larger number in each
pair below,
.92 "909" 0,318 ",3018"
B. Deseription.--The pupil drew a line under the longer number
and not the number larger in numericel value,’
II. Lack of comprehension of the plase value of numbers
A, Tllustration.~-Study the number at the left below and them
write on the lines the place value of each of
the figures. Notice that the place valus of
the first figure has already been filled in

correctly.




a7

68247 ,5391 6 ten thousands 5 "thousand”
8 ™millions" 3 "hundred”
2 "thousands" 9 "hundredn
4 "hundred" 1 "hundred"
7 "tenth"

Deseription.-~ Evidently this pupil had no idea of the place value
of numbers. He wrote none of them correctly and
gave four different figures in the number the place
value of hundreds. The only decimal notation used
was tenths which was incorrectly given for the units
place.

III, Difficulties in expressing a decimal number in words
A. Instruction.-~Write each number below in words.
le Errors in spelling
(a) Illustration
(1) «9 "nine tente"
(2) .09 "nine hundreds"
(b) Deseriptien.--The pupil spelled "tenths" and "hundredths®
as he probably promounced them,
2. Omigsion of essential words
(a) Illustration
4,247 "Four - two hundred forty seven™
(v) Deseription.--The pupil placed a dash for the word "and"

and omitted the word "thousandths".




IV, Difficulties in reading and writing decimals
A, Instruction,--Write each of these numbers in decimal form.
l., Inability to write decimals in figures.
a, Illustration
(1) Bight hundredths ", 800"
(2) Two hundred ninety-six thousandths "200,096"
b Deseription

(1) The pupil wrote eight hundredths as he would eight
hundred - then gave the number a decimal point,

(2) The pupil evidently read an "and" in the number for
he wrote the number as though it were "two hundred
and ninety-six thousandths®"

8, Omission of the decimal point,
2. Illustration

Thirty and seven-tenths n307"

b. Deseription.--The omission of the decimsl point was
probably due to carelessness.

B, Instruction.--Change the fractions end mixed numbers below to
decimal form. Carry to three decimsl places if
necessary.

1, Misplacing of the decimal point.
a, Illustration

(1) 973/100

", 073

n.g&n

(2) 9 4/6




b, Deseription

(1) Evidently the pupil did not know that the denominator
100 is the equivalent to two decimal places,

(2) The pupil did not count the zero when counting two
places for hundredths.

2, Inability to write a fraction or mixed number as a decimal,
a, Illustration
(1) 21/8 = n2,6
(38) 9 4/58 = wagn
b, Description

(1) The pupil wrote the denominator of the common fraction
in the decimsl place,

(2) The pupil multiplied the whole number by the denominator
and added the numerator, then put the result in the
decimal place.

3o Extra zZero in answer

a, Illustration

£ = w50"
b. Description,--~Unless instructed otherwise, all decimals
should be reduced to lowest terms,
4, Misplacing zero in answer
a, Illustration
88 27/1000 =  "85.270"
b, Description.~~The pupil has the necessary three places for
thousandths, but he failed to place the zero

in the proper place.




V. Difficulties in writing decimals as common fraction.
A. Instructions.--Chenge the decimals below to fraction form.
Reduce fractions to lowest terms wherever possible.
1, Inability to reduce fractions to lowsst terms.
a, Illustration
(1) 3.5 = "3 5/10"
(2) 8,26 = »8 25/100"

(3) 2.376 "2 375/1000"

be Description.--These errors might have been listed under
"Failure to follow directions®.
2. Inability to write decimals as common fractions,

a, Illustration

(1) 8.26 = mg/z5"
(2) .6 = nl/ev
(3) 3,5 = m/gn

be. Deseription

(1) The whole number was used as the numerator and the
decimal was used as the denominator.

(8) Here again the decimal was used as the denominator of
the common fractions, then one was annexed for the
numerator.

(3) The pupil did not repeat the whole number in writing

the mixed decimal as a mixed number,
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VI. Lack of fundemental knowledge
A, Illustration.--Write on each line below a number which will make
each statement true.
1. +4 is one-tenth of "24",
2, 8 is ten times as large as "2",
3. 24 1s a hundred times as large as "1".
4. 84 mltiplied by 1000 equals "48,000".
5. .67 is 1/100 of "4000".
B, Description.--The pupil evidently did not understand the problems
end wrote any number in the blanks.
ViI. Other difficulties
A. Carelessness in reading
1, Illustration.--Write each of the numbers in decimal form.
Twenty-two hundredths = ",32"
2. Description.--A cereful pmpil would not have written .32 for
22,
B. Not writing out completely
1, Illustrat ion.--Change the fractions and mixed numbers to
decimal form.
31 214/1000 = 31.2
2., Deseription.--This was the last problem attempted, so evidently
time was called on the test before the problem

was completed.
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C. Failure to follow direction
1, Illustration.--Change the fractions and mixed numbers below
to decimal form. Carry to three decimal places
if necessary.
21/3 = 2.,331/s
8. Deseription.--The instruction wes to carry to three decime=l
places if necesseary. This pupil carried his

answer to two places.

DESCRIPTION OF ADDITION DIFFICULTIES
I, Difficulties basic to addition.
A. Error in number combinetion

l, Il1lustration.--Add

a. 4,72 b. .7254
8,34 «3219
9.68 +4380

_4.28 _:0473
ng7.,01" "l.4326"

2. Description.-
a. The eorreet answer is 27,02,
b. The correct answer is 1.5326. There may have been a carrying
dirficulty.
II, Difficulties peculiar to decimsl situations,
A. Error in placing decimal point,

1l . Illustration. -=Add




o7254
3219
«4380
<0473
",15326"
2+ Deseription.--Evidently the pupil thought there could be no
whole number in the answer, since there were
no whole numbers in the addends.,
Be. Misplecing the whole number
l. Illustration.--Copy ccrrectly and add these numbers:
34,5 §+ .09 ¢ 627 ¢ 3,014,
34.5
09
",627"
3,014
"38,231"
2, Deseription,--The whole number 627 was misplaced.
C., Omission of decimal point
1, Illustration.--Add.
4.37
34.6
93,02
647,1
n77899"n
2. Deseription.,--The figures in the answer are correct. The

pupil omitted the decimel point,




IIX. Other difficulties
A. Incomplete
1. I1lustration.--aAdd.
o®
2,0
6.3
18,05
25
8. Deseription.--Evidently time was called on the test before
the problem was completed.
B, Miscopied
1, Illustration.--Copy correctly and add these numbers:
4.27 ¥ 34,6 + 93,02 + 647.1,
4,72
34,6
93.02
847,1
"779.44"
2., Deseription

The number 4,27 was copied 4.72.

DESCRIPTION OF SUBTRACTION DIFFICULTIES
I. Difficulties basic to any subtraction
A, Carrying Difficulties.

1, Il1lustration.-Subtract.
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«00040
.00019
",00031"
2. Description.--This pupil subtracted 9 from 10 correctly but
d4id not earry one to the one in the - subtrahend.
B. Weaknesses in subtraction facts,
1, Illustration.--Subtract,
9,346
4132
"5,213"
2. Description.--Evidently the multiplication facts were confused
with the subtraction faets in subtracting 2 from
8
C. Zero difficulties

l. INNlustration,=--Subtract,

a, .00040 be 00040
.00019 .00019
",00030 ",00039"

2, Deseription.
a. The zero of the minuend was copied in the answer.
b. The nine of the subtrahend was copied in the answer.
D. Reversed the subtrahend.
1. Illustration.--Copy corresctly and subtract these numbers:

36,724 - 36.0724.
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36,0724
36,724
n.mn
2+ Deseription.~-The longer number and not the larger number was
placed in the minuend.
II. Difficulties peculiar to decimal situations.
A, Misplacing decimal number in subtrahend
l, I1lustration,--Copy carrectly and subtract 921,008 - 911.25
921.008
911.25
n8292,83"
2. Deseription,-~--~Regardless of the decimal point, the numbers
were placed for subtraction as whole numbers.
B. Decimal point omitted
1, INlustration,-Subtract,
72,443
51.002
w21 441"
2, Deseription.~The pupil subtracted correctly but carelessly
omitted the decimal point in the answer,
C. Misplacing decimal point
l. Illustration.-Subtract.
$219,30
213.14

"90.0616"



3. Description.~Evidently the pupil followed the rule for plasing
the decimal point for multiplication rather than
subtraction.

III. Other difficulties.
A. Failure to follow direction.
1, Illustration.-Copy correctly and subtract these numbers,
72.443
51.002
"123.445"
2, Description.-The problem was added instead of subtracted.
B. Incomplete.
1, Illustration.-Subtract.
921.008
911.25
ngn
2. Description.-~Time was called before the pupil hed time to
complete the problem.
C. Miscopied.
1, Illustration.~-Find the difference between six and three
hundredths and four and two tenths.
"6,300"
"4,210"
"2.000"

2, Description.-The pupil copied .300 for .03 and 210 for.B.
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DESCRIPTION OF MULTIPLICATION DIFFICULTIES
I. Difficulties basic to any multiplication.
A+ Errors in mmltiplication facts.
1. Illustration.. Multiply.
654
=8
5886

"5024"

n56126"

2. Desceription.- This pupil multiplied by nine correctly but
made errors in mmltiplying by eight,

B, Errors in addition of partial products

1, Illustration.- Multiply

.9182
+2104
36728
9182
18364 :
»,19418928"

2. Description.e The error in addition was made in adding the
column of two numbers, ? and 3. With the one
carried, the sum of this column is 13 rather
than 14,

Ce Zero diffieulties,

1. Illustration.~ Multiply.
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- 1Y 760,1 b, » 9182

30,5 .2104
»3805" 36728
_raze3" 9182
"2321,05" 18364
",01994048

e: (046 X O = n,048"
8+ Deseription.-
a8+ The zero was handled correctly in the mmltiplier but not
in the multiplicand,
be The zero was not handled correctly in the multiplier.
¢. The zero was given the value of one in the multiplication,
II. Difficulties peculiar to decimal situations.
A. Misplacing decimal point.
l. Illustration.- Multiply.
450,3
+ 2653
13509
22515
27018

9006

n11946,459"
2. Deseription.- To locate the decimal point in the produect, five
places were counted from left rather than from

the right.



B. Omitting decimal point
1, Illustration.- Multiply.
«273
10
1092
2457

273

52962
2. Deseription.- The decimal point was omitted in the product.
C. Failure to prefix a zero.
l. I1lustration.- Maltiply.
«983
04
083
3932
”,40303"

2. Deseription.- Six decimal places were needed in the product.
This pupil failed to prefix a zero for the sixth
place.

D, Failure to annex a zero,
l, Illustration.- Maltiply.
3,2X 100 = n32n
2. Deseription.- The decimal was moved only one place to the right

rather than two places in multiplying by 100,



E. Prefixing unnecessary zeros,

1. Illustration.-~ Multiply.

«04 X 100 = =,0004"

2. Desoription.~ The decimal was moved two places to the left
rather than two places to the right in mmltiplying
by 100.

F, Annexing unnecessary zeros.

l, Illustration.- Multiply.

7510.3 X 100 - 7510300,

2. Description.~ Two zeros were added to the multiplicand in
multiplying by 100 rather than moving the decimal
two places to the’ right.

III. Other difficulties.
A. Incomplete
1, I1lustration.. Multiply,
450.3
«2653
13509
15
8, Deseription.~ Evidently time was called on the test before
completion of the problem.
Be. Miscopied.
1. Illustration.~ The figures below are correet as printed. But
there are mistakes in placing the decimal point,
Cross out the given answers aml write the correect

answers below.




3,256
4.11
3256
3256
13024
1,338216
"13,32816"
2. Description,~ The decimal was located correctly but the 8 and

2 were reversed in copying the answer,

DESCRIPTION OF DIVISION DIFFICULTIES
I, Difficulties basic to eny division,
A. Errors in division,

1. Illustration.- Divide
ngn
341 ) 7307.63
"3089"
n2366"

2, Deseription.- After errors in division and subtraction the
pupil becams discouraged and quit. He attempted
the next eight problems and mmde errors in six
of them.

Be. Difficulty with trial divisor.

l. Illustration.- Divide.




"316160" "31356"

a. .17 ) 5399.20 be 73.4 ) 219736.0
5L "2202"
29 "995n
o ¢ 734
129 2613
rioan 2202
n27n 4116
nL7n 3670
102 4460
Aoz 4404
56

2+, Description.-
a. The correct answer is 31760,
b. The correct answer is 2993.678 or credit is given if carried
to one decimal plase or more,
Co Number omitted in quotient.
1. I1lustration.- Divide.

!!7.5“

.06 ) 4.590

4 2

39

36




B, Deseription.- The work is correct. The pupil omitted 6 from
the correet quotient 76.5.
D. Error in multiplication,
1, Tllustration.. Divids,

"32.4"

6.7 ) 217.08
201
160

134

268
n2e7n
1
2, Description.~ An errar was made in mmltiplying 7 by 4
E. Error in subtraction
1. Illustration.- Divide,

<0212
8.9 ) ,18779

s
97
89
n189n
78
11
2, Deseription.- An error was made in subtracting 89 from 97,
II. Diffieulties peeculiar to decimal situations.

Ae. Decimal point misplaced.



B.

C.

D.

E,.

45

1, Illustration,« Divide.

",324"

6.7 } 217,08
2. Deseription,= The decimal point in the dividend was moved to
the left rather than to the right to loecate the
decimal point in the quotient.
Decimal point omitted.
1. Illustration.- Divide.

"1136"
205 ) 2328,80

2+ Deseription.- The decimal point in the quotient was omitted.
The correct answer is 11.36

Using decimal point when unnecessary.

l, I1lustration.~ Divide.

"g.21"

1.74 | 384,54
2. Description,- The correct answer is 221,
Failure to prefix zero in guotient,
1. Illustration

n211"

8.8 7 .18779
2. Deseription,- The figures are correct in the quotient, but the
pupil failed to place a zero between the decimal
point and two. The correct answer is ,0211.
Failure to add zero to the dividend,
1, Illustration.- Divide.

nagan
316 ) 104912
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8¢ Description.- The pupil did not move the decimal point three
Places to the right in the dividend. The correct
answer is 332000,
F. Failure to add zero to gquotient.
l. Illustration.- Divide.

"4 ,3n

1,74 ) 70.122

89 6

622
522
Description.- The correct answer is 40,3,
G. Annexing unnecessary zeros in the quotient,
1. Illustration.- Divide.

"21400"
45.2 ) 96728

2, Deseription, - The decimal point was moved two places to the
right in the dividend instead of ons place to
locate the deeimal point in the guotient. The
correct answer is 2140,

He Prefixing unnecessary zeros.

l. Illustration.- Divide.

",0221"

1,74) 384,54

2, Deseription.- The eorrect answer is 221, The decimal point in
the dividend was moved to the left rather than to
the right in locating the decimal point for the

quotient,
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I, Putting zero in wrong place in quotient.

1., Illustration.- The figures in the quotients below are correct,
but they are not pointed off correetly. Cross
out all wrong quotients and write the correet
ones above the incorrect ones.

",0214"
214
45,2 ) 96728
2, Deseription.- The zero and decimal were both misplaced. The
correct answer is 2140,
III. Other difficulties.
Aes Failure to follow directiomns.
l. Tllustration.-~ Divide.
38 = 100 = "3800"
2. Deseription.= The pupil multiplied by one hundred instead of
dividing by one hundred. The correet answer is
38,
B. Miscopied.
l. Illustration,~ Divide.
476 + 10 = ™48,
2, Deseription.~ The § and 7 were reversed in the quotient. The

correct answer is 47.6.



The diagnostiec tests showed not only the level of ability of the
Pupils in the various operations in decimals ut pointed out weaknesses
so that the achool work was orgenized in such a way as to glve some time
to those who were below the standerd and omit deadening drill for those
who were abov.e. Various factors affect a pupil's performence on the
tests, such as speed of writing, the amount of effort put forth, the
understanding of the directions, the degree of interest, and the pupil's
state of health. The degree of accuracy was considered also, for a
pupil's rate of work and his acecuracy could not be considered separately.
The pupil's method of wark was another important element considered,
for a pupil may have made a satisfactory score on the tests but at the
seme time be working considerably below his possible maximum level of
achievement because of faulty habits of work. Through observation such
faults as counting, lack of neatnsss in writing out the work, careless-
ness in copying numbers, or reading directions, dawdling and inattention
were discovered, Efficient methods of work were substituted for these
faults as nearly as possible.

A knowledge of the types of errors made in the tests was necessary
to provide adequate remedial drill. The weaknesses in knowledge of the
number facts in whole numbers resulted in inaccurate work in the
application of these facts to decimal situations. The first remedial
work was done in whole numbers.

Individual sets of number cards were used to study the one hundred
addition combinations. On one side of the card the addition combination
was printed thus, 9 and on the reverse side, 9, Each pupil played a

4 "
16
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game, "Dummy", with the cards, The pupil thought the answer, then
looked on the reverse side to see if the "thought of" answer was
correct, If correct, the card belonged to him, and if en error was
made, the ceard belonged to "Dummy™. The objeet of the geme was to
beat "Dummy", and to beat "Dummy" the pupil must think every answer
correctly., At the close of the game "Dummy's"™ cards were studied,
and the game was repeated. After a pupil was able to beat "Dummy",
he recited the cards to ons of the better students. Speed was not
stressed during the game.

However, the fact that 4285 problems were not attempted, and
112 were incomplete showed a need for speed. Accurscy with rapidity
is the aim of number drills., Individnal differences in the needs of
pupils and in their rates of leerning were taken into consideration
in the speed and accuracy drills. In most classes of pupils the
differences in number ability is taree to one. If the quickest
pupils in a class can perform the given drill in one minute, the
slowest will take three minutes. Drill practice will not materially
change this ratio, By practice the slow-motored pupil mey become a
one and a half minute one, and the quieker pupil mey become a one-
half minute one. Drill tests should give proper credit to the slower
as well as to the faster pupil as they grow more proficient,

To measure rapidity a trial test was given, A time chart was
placed on the blackboard. The shortest time was written first, and

quarter minute intervals were listed until the slowest pupil had



completed the test. The test was repeated, the time intervals were
erased as they elapsed. The pupils wrote at the top of their papers
the shortest tims interval remaining on the bosrd, put their pencils
down and sat quietly until the test was finished. By this method the
bright pupils received eredit to the limit of their ability unhampered
by the slower pupils, and the slower pupils worked up to their capacity,
and were not discouraged in a vain attempt to go beyond their pro-
ficiency.
In order to teach arithmetic sucecessfully there must be many drills.

The next drills applied the combinations to the higher decades, for in
columm addition nearly all the sums required are secured by applying
the simple combinations to the higher decade., The following drill was
used: 16

14

18

7

12 and

10

13

11

15
19

OOMIB P N H

After the pupil added each single number in the right column to each
of the numbers in the eolumn at the left, the tens figure of the left
ecolunn was changed to other numbers. This gave much drill in addition
in higher decades.

To strengthen the attention span in columm addition of those who
had difficulty in holding a sum in mind as the attention was returned
to adding, practice was given in adding a "thought of" number with a

seen number. The pupils kept in mind a number, such as €5, and added
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it to numbers from the board., Occasionally the "thought-of" number
was changed.,

In the subtraction review, number eards similar to those described
in addition were used, The seme plan was used in the review of the one
hundred subtraction facts as was used in the review of the one hundred
addition facts,

For a rapid oral drill in the one hundred subtraction facts the

following table was used.

0 8 4 1 ] 7 é 0 3 9 8
1 5 9 3 8 1 3 8 4 10 7
2 6 7 3 10 9 4 a 11 S 8
3 9 3 12 ¥ 3 11 4 5 10 6
4 13 ? 11 ? 12 5 10 & 8 8
5 6 10 8 12 5 11 14 9 13 7
6 8 11 9 14 12 15 (-] 13 7 10
7 12 15 14 7 11 9 18 8 13 10
8 16 9 13 17 10 15 11 14 12 8
9 13 10 1¢ 9 14 17 15 1 18 12

The numbers in the left columm are the subtrahends.

In the oral drill a pupil was required to give the differences,
subtracting 0 from each number in the first horizontal row, 1 from
each number in the second horizontel row, 2 from each number in the
third horizontal row, etc. In the written drill the differences to
the row designated were written by the entire class,

Drill was then given in working examples in whiech the number in
the minuend was less then the mmber in the subtrahend, and the

earrying process was involved, such as:
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B |

(<) [ ] 5
=3 [ ] [} <2
14 L]

Carrying in the unit's place.
subtraction by endings - a blank space.
carrying in the ten's place.

198 Carrying in unit's and ten's place,
(carrying to a 9 in the subtrahend,)

50

44 Zero difficulty in subtraction.
(4 from 10, and 5 from 5.)

600

107 Carrying to a zero in subtrahend,

In the mltiplication review, number cards similar to those
deseribed in addition were used. The same plan for the review of the
one hundred multiplication facts wes used as in addition and sub-
traction. To give acouracy in the mmltiplication of examples similar

to 649 which involves 98X 9, 9 X 4+ 7, and 9 X 8 + 3, the following
X 9

drill was used:

and

©
™
bPOHMDOIWNG
ONeOP D

The pupil began with ® X 6 end 1, 9 X 3 and 1, 9 X 7 and 1, ete., until
he finished the column, He then began with 9 X 6 and 8, 9 X 3 and 2,
9 X 7 and 8, ete. The digit in the mmltiplier was changed frequently.

The number to be added was never greater than one less than the multiplier.
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Special attention was given to examples involving zeros in either
the multiplier or multiplicand. Zeros in the mmltiplicand involved
the following types of arill:

80
S  zero at the end,

402

S zero in middle - no carryinge.
S 2ero in middle - carrying.

S double zero at the end.

8 double zero in the middle.

3 alternate zeros.

Zeros in thé maltiplier involved the following type of drill,

368
40 zero at end of two place mmltiplier,

368
540 zero at end of three place multiplier,

368
504 zero in middle of multiplier.

540 zerc at end of both the multiplier and mmltiplicend.
540 zero at end of multiplier and in middle of multiplier,

504 zero in middle of both multiplier and multiplicand.

5891
5400 +two zeros at end of mmltiplier,

5891
5004 two zeros in mmltiplier.




In the division review, mueh drill was given on the division faets,
especially those having remainders. The following drill was used in

overcoming inaccurate work:

1le 20 36

42
46
10 26 32 48 56 62 78 89 97
43
25 31 49 55 61 79 80 98
13 22 33 40 52 63 70 8l 99
17 a7 39 45 57 69 75 86 24
11 29 37 47 59 e7 s 88 06
41 51 60 71 82 90
44

O IO ANKH
COOU®OMNM-INDHII
(-]
©

12 24 34

The numbers in the left column are the divisors. The numbers in the
first vertical columm were divided by one,the numbers in the second
vertical column by two, and the third by three, etc. The numbers
are so arranged that all the division faets about one are in the
first colummn, all the division facts about two are in the first two
ecolumns, about three are in the first three columms, etec. After mmch
drill was given on the division faets drill was given in shart
division similar to the following:

2 ) 356  Even division - two place quotient,

2 Y 368  Even division - three place quotient,

2 3—4?8_ Even division - zero in middle of quotient.

2 Y 450 Even division - zero at end of quotient.

2 Y168 1Initial trial dividend two figures.

2) 418 Zero difficulty - earrying.




2 s 439 Cerrying - remainder at end of example.
2) 419 Carrying - zero - remainder.
The types of leng division in whieh much drill was glven were:
31
38 5 1116 There are both earrying in the multiplication and borrowing
in the subtraction, The trial divisor is the true divisor.

62 -
28 ) 1936 The triasl divisor is not the true divisor.

203
75 Y 16225 Zero is involved in quotient,

3004
56 ) 165220 Two zeros in quoti ent.

360
84 i 30240 Zero at end of quotient.

3050
23 ) 70150 Alternate zeros in quotient,

4800
36 ) 172800 Two zeros at end of quotient.

Drill was also given in division problems involving remainders.

In the reading and writing of whole mmbers, the place value of
each number to the billion group was studied. Attention was ecalled
t0 the fagct that ten units in an order make one in the next higher
order. A figure in eny order expresses 1/10 of what it would express
in the next higher order.

Drills of the following type were used to strees the place value

ef numbers.
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Give the value of 9 in each of the following numbers:
987654321

876543219

654321987

765432198

432198765

198765432

321987654

543219876

The place value of sach of the other figures in the numbers were then
given.

After the difficulties in reading and writing of whole numbers
were overcome, the place value of decimals was reviewed., Attention
was called to the fact that although the decimal point separates the
whole number and the frastional part, the names of the places g0 both
ways from the unit's figure and not from the point. Thus, from the
unit's place, the first figure on the left is tens, and the first
figure on the right is tenths; the second place on the left is hundreds,
and the second place on ths right is Lundredths,

When the underlying principle of expressing decimals was under-
stood, that a decimal is a fraction whose denominator is a power of ten,
in whieh the denominator is not written but is expressed by the position
of the numerator, the reading and writing of decimals became a simple
matter. In reading and writing of decimals the following rule was
observed, "Fo read a decimal read the numerator of the decimal as though
it were an integer and then express its denominator which iz the same as
the name of the right hand order. To write a decimal write the numerator
of the decimal as though it were an integer and then place the decimal

point as many places to the left as is necessary to express the denominator.r
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The similarity in reading and writing of whole numbers and
decimals was emphasized by the reading and writing of many numbers,
such as:

8345 eight thousand three hundred forty-five ten thousandths.
8345 eight thousand three hundred forty-five.

The importance of correct spelling and pronnhciation was shown
by such examples as:

.08 eight hundredths
800 eight hundred

A drill similar to that used in studying the place value of whole
numbers was used in studying the place value of the figures in a
decimal. Numbers like the following were placed on the board:

6000,000
0000, 600
0006.C00
0600,000
0000,0086
0000,060
0060,000
After the values of the numbers were given they were arranged in the

order of their value.
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Drill was given in selecting the larger number in pairs of numbers

such as; 47891 4789,9
0.814 .8014
6.59 8.6
«83 +808
15,00 1.599
3.05 3.50
437 1,437

Drill was given in writing decimsls from words and vice versa.

The decimal order beyond the sixth place was not emphasized. Most of
the emphasis was placed upon the first three orders.

Attention was directed to another method of reading decimals,
thus 73,264 may be read seven-three-point-twowsix-four.

Drills were given in changing common fractions to decimal fraetions,
and vice versa, The reduction of the common fraction to lowest terms
was stressed. Flash cards similar to those used in addition, subtraction,
and multiplication were used to memorize the decimal equivalent of the
following important fractions: %, 1/3, 2/3, %, 2, 1/5, 2/5, 3/5, 4/5,
1/e, 5/6, 1/8, 3/8, 5/8, 7/8, 1/10, 3/10, 7/10, and 9/10, On one side
of the card the fraction was given, end on the reverse side the decimal
equivalent was given, The game of "Dummy" as described in addition was
played. Each pupil was respensible for studying thoss equivalents that
he did not know. The two forms of the fractions were thought of as two
langusges, the common fraction language and the decimal fraetion

language, and an arithmetic pupil must know both languages. Much drill
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was given in eompleting charts similar to:

common fraction decimal fraction
21/5
3,33 1/3
57/8 =
4 5/6
8,3

In the review of the addition and subtraction of decimals, not
only the need for keeping decimal points direectly under each other
in its operation was stressed, but also the need for neat figures
and straight colummns. In irregular ¢olumns the pupils were permitted
to fill the blank places with zeros, thus making each decimal have
the same cionon:lnator. The importance of placing the decimal point
in the answer was also emphasized.

To give a better understanding of the rule for placing the
decimal peint in the product in the review of multiplication of

deecimals, a number of problems were worked twice using two methods,

thus:
(1)
8.7 X .84 8.7
+84
268
536
5.528
(2)
6.7 X .84

6 7/10 X 84/100

67/10 X 84/100 = 5528/1000 = 5 528/1000 or 5.538



To acquire facility in the applieation of the rule in placing the
decimal point in products, drill was given in placing the decimal point
in the given product of many examples. Many examples were similar to
the following: .03 X ,014 = 42, in which zeros had to be prefixed
to the product.

The following rule was applied in mmltiplying by 10, 100, end 1000:
"to mltiply by 10, 100, or 1000, move the decimal point as many pleces
to the right as there are zeros in the multiplier."

In multiplying by .1, .01, or ,001, application was made of the
following rule: "to multiply by .1, .01, or .00l, move the decimal
point as many places to the left as there are decimal places in the
miltiplier,.n

In the review of the division of decimals, the problems were
taken in the following order: (1) problems with decimal point in the
dividend omly: (2) decimal point in dividend and divisor: (3) deeimal
point in divisor only. Special attention was given to zero difficulties.
To acquire facility im placing the decimal point in the quotient many
drills were taken similar to the following: The figures in the

quotient are correct. Place the decimal point correctly




(1)
5489

36 ) 197604

5489

36 ) 1076.04

5489

36 ) 19760.4

5489

36 ) 19.7604

5489
38 ) 1.97804

5489
36 ) 197604

5489
«36 ) 1976.04

5489
3.6 ) 19760.4

5489
.036 ) 19760.4

5489
+36 ) 197,604

5489

.036 ) 1976,04

5489
«368 ) 19760.4

5489
3,6 ) 1976.04

5489
3,6 ) 197.604

(3)

548¢
3.6 ) 197604

5489
«38 ) 197604

5489
«036 ) 197604

The following rules were applied to many problems: (1) To

divide by 10, 100, or 1000 move the decimal point as many places to

the left as there are zeros in the divisor,

(2)

To divide by .1,

«01, or ,001, move the decimal point as many places to the right as

there are decimal places in the divisor.

A better understanding of

these rules was given by working a number of problems by the long

method,

To add variety and interest to the drill work involved in the

addition, subtraction, mul tiplication, and division facts, the metron.
o-zcope was used a number of times,

adaptation of the flash card.

The number facts were exposed at regular

It furnished a mechanical

intervals, With the metron-o-scope, it was possible to regulate the

speed, and to repeat any fact represented by the drill.

At no time during this experiment were chil drem required to

remain after school hours for extra help.

Remalning after school was
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considered a privilege of which a few took advantage whenever they
thought extra help was necessary, However, once a week school was
dismissed one hour early for those pupils who were doing satisfactory
work end six to eight pupils were required to remain for special help.
Much individual diagnosis was done during this period and many d4iffi-
culties were removed. Pupils were required to wofk problems aloud,.
Many round-about methods were discovered in additioen, and more time
was given to the addition drills already described. (See additionm),
Several pupils were confused in subtraction. Borrowing and additive
methods of subtraction were used within the same problem. These
pupils were required to seleet one method and to use it entirely. In
the multiplication and division by 10, 100, and 1000, one pupil wes
able to state the rules but his difficul ty was in knowing right from
left, Practice was given in pointing to the left and right, raising
the left and right hands, and seleecting the left and right pages of
his booke During the helping periecd the addition, subtraction,
multiplication, and division facts were made more mechanicel for a
number of pupils. Others were given more drill work to remove the
zero difficulties involved in the fundamentals, With suech a few in
the elass much remedial was aceomplished by those pupils who need
more individual instruction than can be given in a larger group.
Practice and then more practice in each of the fundamental
operations in decimals with every possible relation and combination

of numbers was continued daily for about three months, Then about
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fifteen minutes of intensive drill was given daily for another three
months in order to retain the skills developed and to secure the

desired results of greater accuracy with increased speed.




CHAPTER IV
THE RESULTS

On Marech 23 and 24, 1938, the Compass Diagnostie Test in

. Arithmetie; Test IX, Form A, Addition, Subtraction, and Multiplica-
tion of decimals; and Test X, Form A, Division of Decimals were given
again to determine the improvement made as a result of the remedial
program in decimals. Originally it was planned to give Forms B of
the tests, but they were not available from the publishers. So in
order to give a more accurate result of the achievement of the pupils
in the remedisl program, the Brueckmer Diagnostic Test was given
Mareh 25, 1938,

For the Compass Diagnostic Tests: IX and X, the age and grade
equivalents of each pupil were found end the improvements were noted.
There were no norms provided for the Brueckner Diagnostic Test, so
the errors were noted and a eomparison made in the percentage of
errors in each part of the test with those of the Compass Diagnostic

Tests; IX end X.
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Table XV Compass Diagnostie Test: Test IX, Form A
Addition, Subtraction, and Multiplication

of Deecimals (March 23, 1938)

Scors No., of Pupils Score No. of Pupils
192 45 165 1
101 24 led 0
190 7 - 163 0
189 ] 162 0
188 3 la 1
187 1 160 2
186 3 159 1
185 7 158 Y
184 8 157 1
183 4 156 0
lg2 3 185 1
181 3 154 0
180 8 163 0
179 1 152 0
178 4 151 0
177 2 150 0
176 1 149 1
176 1 148 0
174 5 147 0
173 0 146 0
172 Y 145 1
171 0 144 0
170 3 143 1
169 0 142 0
168 1 141 1
167 0 Total 185
166 1

i

The seores ranged from 141 to 192 with a possible ssore of 1962,

The medien score was 180.75.
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Table XVI Age Fquivelents as Found by the Compass
Diagnostic Test: Test IX, Form A, Additionm,
Subtraction, and Multiplication of Decimals

(Mareh 23, 1938)

Years - Months No., of Pupils
14 - 6 149
14 - 3 1l
14 - 0 1
13 - 9 0
13 - 6 1
13 « 3 2
13 -0 1
Total 155

The age equivalents as shown by the norms given for the Compass
Diagnostic Test: Text IX, Form A, Addition, Subiraection, and
Multiplication of Decimals, ranged from thirteen years to fourteen
years six months. With the exception of six pupils, the class had

an age equivalent of fourteen years six months,
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Table XVII Grade Equivalents as Shown by the Compass
Diagnostic Test: Test IX, Form A, Additien,
Subtraction, end Multiplication of Decimals

{March 23, 1938)

Grade No. of Pupils
HS8 18

L8 L

E7 5
Total 155

The grade equivelents as shown by the norms given for the Compass
Disgnostie Test: Test IX, Form A, Addition, Subtraction, and Multiplica-
tion of Decimmls, ranged from hizh seventh grade to high eighth grade.
With the exeception of four pupils the class had a grade equivalent of

high eighth grade.
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Table XVIII Compass Diagnostic Test: Test X, Form A

Divigion of Decimal (March 24, 1938)

Seore Ne, of Pupils Score Noe. of Pupils
138 14 87 0
137 3 86 2
136 1 85 1
135 2 84 2
134 1 83 0
133 1 82 0
132 2 81 0
131 5 80 0
130 1 79 0
129 - 78 )
128 8 7 2
127 7 76 0
126 1 75 1
125 1 74 0
124 3 75 1
123 4 72 2
122 7 71 0
121 8 70 1
120 4 89 0
119 4 8 0
118 3 67 1
117 2 66 1
116 1 65 1
115 6 64 0
114 6 83 0
113 2 62 0
112 1 61 0
111 3 80 0
110 1 5@ 0
109 1 58 0

3 e [ L] 0

g ] WOgE] 188 .

80 - 0 40 T
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Table XIX Age Equivelents as Shown by the Compass
Diagnostic Test: Test X, Form A, Division

of Decimals (Marech 24, 1938)

Years - Months No., of Pupils

14 -
14 -
14 -
13 -
13 -
13

-
»
o

12
12
12
12
11

()
(<]
]

PO OVORADVONIRODORD

Below 11 -~
Total

t@OOOOOOO&I—'HNH

-
(<]
[+ ]

The age equivalents as shown by the norms given for the Compass
Diagnostic Test: Test X, Form A, Division of Decimals, ranged from
below eleven years six months to fourteem years six months. With
the exception of ten pupils, the class had an age equivalent of

fourteen years six months.




70

Table XX Grade Equivalents as Shown by the Compass
Diagnostie Test: Test X, Form A, Division

of Decumals (March 24, 1938)

Grade No. of Pupils
HBS8 149
L8 1l
H?7 2
L7 0
HE 0
Below H & 3
Total 155

The grade equivalents as shown by the norms given for the
Compass Diagnostic Test: Test X, Form A, Division of Decimals,
ranged from below high sixth grade level to high eighth grade
level. With the exeception of six pupils,the ¢lass had an high

eighth grade level.




Table XXI

Improvements Made on the Compass Diagnostie
Test IX, Form A, Addition, Subtraction, and
Multiplication of Decimals by Pupils Making

Perfeet Seores on Test Given March 23, 1938,

71

Inprovement No. of Pupils Improvement No. of Pupils
48

91 1 3
90 0 47 1l
89 (o} 46 ]
88 0 45 0
87 0 [ 0
8é 0 43 1l
85 0 42 0
84 0 41 0
83 0 40 1l
82 0 39 0
81 0 38 2
80 0 37 0
79 0 36 2
78 i 35 1
77 0 34 1l
76 0 33 1
75 0 32 (o}
74 0 31 0
73 0 30 1
72 0 29 3
71 2 28 0o
70 0 a7 0
69 0 26 0
é8 0 25 1
67 1 24 2
66 0 23 2
65 1l 22 0
64 1l 21 0
63 0 20 1l
62 0 19 1
61 1 18 (o]
60 0 17 0
59 0 16 1
58 2 15 1l
57 0 14 1l
56 10 13 1
55 2 12 0
54 0 11 1
53 1l 10 0
52 0 9 s 1
51 0 Total 45
50 1l

49 0
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Table XXII Improvements Made on the Compass Diagnostie
Test IX, Form A, Addition, Subtraction, and
Multiplication of Decimels by Pupils Making

Errors on Test Given March 23, 1938,
Improvement No, of Pupils Impro veme nt No of Pupils
134 1 74 0
133 0 73 2
132 0 72 0
131 1l 71 3
130 (4] 70 3
129 0 69 2
128 () 68 b
127 1 a7 3
126 0 66 3
125 0 85 0
124 0 64 1
123 1l €3 1l
122 0 62 0
121 o 81 1l
120 (o] 60 2
119 0 59 2
118 1l 58 (o]
117 0 57 0
116é 0 56 4

-
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Table XXIII Improvements Made on the Compass Disgnostiec
Test X, Form A, Division of Decimals by
Pupils Msking Perfeet Scores on Test Given

March 24, 1938,

Improvement No., of Pupils Improvement No. of Pupils
88 1 52 0
85 0 51 0
84 0 50 0
83 (o} 49 0
8g 1 48 0
8l 0 47 0
80 1 46 0
79 0 45 2
78 0 44 0
” 0 43 0
76 0 42 1
75 1 41 0
74 (o} 40 1
73 0 39 0
72 (0] 38 (0]
71 (o] 37 0
70 0 36 0
69 (o] 35 1
68 0 34 0
67 1 33 0
68 0 32 1
65 0 31 0
64 0 30 (o}
63 0 29 0
62 0 28 0
61 0 27 2
60 0 26 0
59 0 25 0
58 0 24 0
s7 0 23 0
56 0 22 1
55 0 Total 14
54 0
53 0



Table XXIV Improvements Made on the Compass Diagnostie
Test: X, Form A, Division of Decimals by
Pupils Msking Errors on Test Given March 24,

1938,

Improvement No. of Pupils Improvemsnt No, of Pupils
59

118 2 0
111 0] 58 4]
110 1 o7 X
109 2 56 8
108 1 85 2
107 (4] 54 1l
108 1 53 3
105 (¢] 52 1
104 2 51 3
103 0 50 3
102 0 49 0
101 0 48 2
100 0 47 4
29 0 46 1l
08 3 45 0
o7 (o] 44, 1
96 2 43 2
95 2 42 1
94 1l 4] 1
93 2 40 4
o2 3 39 2
o1 4 38 2
90 1 37 0
89 0 36 2
88 3 35 0
87 2 34 3
as 2 33 1
85 1 32 0
84 1 31 0
83 1l 30 0
82 0 29 1
8l 1 28 (4}
80 4 a7 2
79 1 26 0
78 2 25 1
B TS T

: S T2 0
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Table XXV Brueckner Diagnostic Test In Decimsls

(March 25, 1938)

Score No. of Pupils
117 24
116 17
115 17
114 22
113 14
112 16
111 15
110 5
109 3
108 3
107 4
108 1
105 2
104 1l
103 1
102 0
101 0
100 4

29 1
28 0
o7 0
°1] 3
95 0
94 1l
23 0
92 0
91 0
20 d
Total 158

The scores ranged from 90 to 117 with a possible score of 117,

The median score was 1ll4.11l.




Table XXVI Difficulties in Reading, Writing and Converting

Decimals As Shown By the Compass Diagnostie
Test: IX, Form A, Additioen, Subtraction, and

Multiplication of Deecimals (March 23, 1038),.

Frequency

1. Lack of comprehension of the numerical value of

decimals, o1
2. Lack of Comprehension of the place value of

numbers., 23
3, Difficulties in expreassing a decimal number

in words.

a. Errors in spelling 3

b, Omission of essential words é

¢. Inability to write decimal fractions in words 8
4, Difficulties in reading and writing decimals

a, Inability to write decimal fractions in figures 6

b, Omission of decimal point 9

¢, Misplacing decimal point 63

d. Inability to express a common fraction or a

~duwrad smusmmhamw an o daadmal =1
A% CELeTenaten® 71U Lewqy €8

L
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Table XXVII Difficulties in Addition of Decimals As Shown

By the Compass Diagnostie Test: IX, Form A,

Addition, Subtraction, and Multiplication of

Deeimals (March 23, 1938),

Frequency
l, Errors in number eombination 22
2, Difficul ties peeuliar to decimal situations
ae. Errors in placing decimal point 10
b, Misplacing the whole number 3
¢. Omission of decimal point 8
3. Other difficulties
a. Not attempted (¢]
b, Incomplete 3
¢. Miscopied e B
Total 54
There were 9 problems in this part of the test. The possible

pumber of errors was 1395, (Assuming an error by every pupil on each

problem)., The percentage of errors to the nearest tenth of a per cent

was 3.9%.
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Table XXVIII Difficulties in Subtraction of Decimals As
Shown by the Compass Diagnastic Test: IX, Form A,
Addition, Subtraction, and Multiplication of

Decimals (March 23, 1938),

Frequeney

1. Difficulties basie to any subtraction

a., Carrying difficulties 7

b. Errors in subtraction facts 10

Ge Zero difficulties 0

4. Reversed subtrahend and minuend 2
2, Difficulties peculiar to decimal situations

8. Misplacing decimal number in subtrahend 1l

be Decimal point omitted 5

¢. Misplacing decimal point 3
3. Other difficulties

a, Not attempted 0

b, Failure to follow directions 0

¢. Incomplete 2

d. Miscopied i
Total 1R

There were 9 problems in this part of the test. Assuming an
error by every pupil on each problem, the possible number of errors
for the entire elass was 1395, The percentage of errors to the

nearest tenth of a per cent was 2.2%.



Table XXIX

As Shown by the Compass Diagnostic Test: IX,

Difficulties in Multiplication of Decimals

Form A, Addition, Subtraction, and Mul tiplication

of Decimals (March 23, 1938)

Frequency

1., Difficulties basie to any mltiplication

2.

.

a. Errors in multiplication

b. Errors in additing partial products

6. Zero difficulties

Difficulties peculiar to deeimal situations

a., Placement of decimal point
(1) Misplacing decimal point
{2) Omitting decimml point

b. Placing of zero
(1) Failure to prefix zero
(2) Failure to annex zero
(3) Prefixing unnecessary zero
(4) Annexing unnecessary zero

Other difficul ties

a. Not attempted

b. Incomplete

¢, Miscopled

Total

13

20

14

14

10

16

145

There were 34 problems in this part of the test.

Assuming an error

on every problem by each pupil, the possible number of errors was 5270,

The percentage of errors and omissions to the nearest tenth of a percent

was 2.7%.




Table XXX

Difficul ties in Division of Decimals as Shown
by the Compass Diagnostic Test: X, Form A,

Division of Decimals (March 24, 1938).

Frequensy
1. Difficulties basie to any division
a. Errora in division 292
b. Difficulties with trial divisor 57
¢, Number omitted in quotient 1é
d. Errors in multiplication 51
e. Errors in subtraction 35
2. Difficul ties peculiar to deecimal situations
a. Placement of decimal point
(1) Decimal point misplaced 86
(2) Decimal point omitted 101
(3) Using decimal point when unnecessary 45
b. Placement of ieros
(1) Failure to prefix zero in quotient 68
(2) Failure to add zero to dividend 48
(3) Failure to add zero to quotient 51
(4) Annexing unnecessary zeros to quotient a4
(6) Prefixing unnecessary zeros to quotient 20
(8) Putting zero in wrong place in quotient 12
3., Other difficul ties
a. Not Attempted 120
b. Incomplete 20
e¢. Failure to follow directions 100
d. Miseopied S
1161

Total




There were 73 problems in this part of the test, Assuming an
error on every problem by each pupil, the possible number of errors
for the entire class was 11315, The percentage of errors end omissions
to the nearest tenth of a per cent was 19.3%.

On the entire test, there were 207 problems. The possible number
of errors for the class was 32085, (Assuming an error on every problem
by each pupil). With 1899 errors and omissions, the percentage to the

nearest tenth was 5.9%.




Table XXXI Difficulties in Reading, Writing and Conver$ing
Decimals As Shown by the Brueckner Diagnostic

Test in Decimals (March 25, 193B)

Frequeney

l. Lack of comprehension of the numerical values of

decimals 22
2, Lack of comprehension of the place value of numbers 0
3. Diffieulties in expressing a decimal number in words

ae Errors in spelling 0

b. Omission of essential words ' 0

e. Inability to write decimal fractions in words 4
4, Difficulties in reading and writing decimals

a, Inability to write decimal fractions in figures 15

b. Omission of decimel point 4]

¢. Misplacing decimal point 2

d. Inability to express a common fraction or a mixed

number as a decimal 22

5. Difficulties in writing decimals as common fractioms

a, Inability to reduce fractions to lowest terms 2

b. Inability to write deecimals as common fractions -]
8, Lack of fundamental knowledge 0
7. Other difficul ties

a, Not attempted 18

b. Carelessness in reading 9

¢. Not writing out completely 0

d. Failure to follow directions 0

Total 08
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There were 26 problems on this part of the test. The possible
number of errors by the entire class was 4030. (Assuming an error
on every problem by each pupil). The percentage of errors to the

nearest tenth of a per cent was 2.4%.

Table XXXII Difficulties in Addition of Deeimals As Shown
by the Brueckner Disgnostic Test in Decimals

(Mareh 25, 1938),

Frequeney

l. Errors in number combinations 26
2. Difficulties peculiar to decimel situations

a. Errors in plaeing decimal point 2

be Difficul ties in adding cormon fractions and

decimals 14

6. Misplacing the whole number 0

d. Omission of decimal point 5
3. Other difficulties

a. Not attempted 0

b, Incomplete il

6. Miscopied
Total 49

There were 12 problems on this part of the test. Assuming an
error on every problem by each pupil, there would be 1860 errorse. The

percentage of errors to the nearest tenth of a per cent was 2,6%.




Table XXXIII Difficulties in Subtraction of Decimals As
Shown by the Brueckner Diagnostic Test in

Decimals (Mareh 25, 1938),

Frequency

1. Difficultiea basic to any subtraction

a, Carrying difficulties 13

b. Errors in subtraction facts 1é

6. Zero difficulties 5

d. Reversed subtrahend and minuend 4
2., Difficulties peculiar to decimal situation

a. Misplasing decimal number in subtrahend (¢}

b. Decimal point omitted 3

¢. Misplacing decimal point 2
3. Other difficulties

a. Not attempted 0

b. FPailure to follow directions 0

¢. Incomplete 2

d. Miseopied 2
Total 46

There were 17 problems on this pert of the test with 2635 possible
scores by the entire class. (Assuming an error on every problem by each

pupil). The percentage of errors to the nearest tenth of a per cent was

1.7%.




Table XXXIV Difficulties in Maltiplication of Decimals As

Shown by the Brueckner Diagnostic Test in

Decimals (March 25, 1938)

Frequency
l. Difficulties besic to any multiplication
a. Errors in multiplication ™
be Errors in adding partial products 7
c. Zero difficulties 0
2. Difficulties peculiar to the decimal point
a. Placement of the deeimal point
(1) Misplacing deecimal point 36
(2) Omitting decimal point 26
b. Placing of zero
(1) Failure to prefix zero 8
(2) Failure to annex zero 6
(3) Prefixing unnecessary zero 4
(4) Annexing unnecessary zero 4
3., Other difficulties
a. Not attempted 21
be Incomplete 1
ce. Miscopied o
Total 190

There were 32 problems on this part of the test with 4960 possible

errors by the entire class. (Assuming an error on every problem by

sech pupil). The percentage of errors to the nearest per cent was

3.%0




Table XXXV

Difficul ties in the Division of Decimals As

Shown by the Brueckner Disgnostiec Test in

Decimals (March 25, 1938).

86

Frequency
ls Difficulties basic to any division
a, Errors in division 157
be Difficulty with trial divisor 30
¢e Errors in maltiplication 27
d. Errors in subtraction 10
2. Difficul ties peculiar to decimal situations
&, Placement of decimal point
(1) Deeimal point misplaced 42
(2) Decimal point omitted 19
(3) Using decimal point when unnecessary 10
bs Placement of zeros
(1) Failure to prefix zero in quotient 17
(2) Failure to add zero to dividend 8
(3) Failure to add zero to quotient )
(4) Annexing unnecessery zeros to quotient 5
(5) Prefixing unnecessary zeros to quotient 5
(6) Putting zero in wrong place in quotient ¢]
3. Other difficulties
a. Not attemptéd 13
be. Incomplete 4
6. Miscopied
Total 357
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There were 30 problems on this part of the test with 4650 possible
errors by the entire class (assuming an error on every problem by each
pupil), The percentage of errors to the nearest tenth of a per cent was
7e7%e

There were 117 problems on the entire test and@ assuming an error
on each problem by every pupil there would be 18135 possible errors,
There were 740 errors made by the entire class. The percentage of

errors to the nearest tenth of a per cent was 4,14,

Table XXXVI A Comparison of the Number of Problems on

Each Part of the Two Decimsl Tests,

Compass Brueckner

Diagnostic Diagnostie

Test Test
General 82 26
Addition 9 12
Subtraction 9 17
Multiplication 34 32
Division 73 30
Total 207 117

There were 207 problems in the Compass Diagnostie Test and 117

problems in the Brueckmer Diagnostic Test.




Table XXXVII A Comparison of the Number of Errors

on the Three Tests in Decimels

Compass Compass Brueckner

Diagnostie Diasgnostie Diagnostic

Test (Sept.) Test (March) Test (Mareh)
General 6216 508 ‘ 28
Addition 263 54 49
Subtraction 249 3l 46
Multiplication 1727 145 190
Division 6563 1161 357
Total 15018 1899 740

Although there were fewer problems in mmltiplication in the
Brueckner Test than in the Compass Test, the Brueckner Test conteined
one more type of multiplication = the multiplication of a common
fraction by a decimal and viee versa. This accounts for the greater
number of errors in multiplication in the Brueckner Test than in the

Compass Test.
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Table XXXVIIT A Comparison of the Percentage of Errors

on the Three Tests in Decimels

Compass Comp ass Brueckmer

Diagnostie Diagnostie Diagnostie

Test (Sept,) Test (Mareh) Test
General 48,9% 4.0% 2,44
Addition 18,9 3.9 2.6
Subtraction 17.8 2.2 1.7
Multiplication 32,8 2.7 3.8
Division 58,0 10.3 77
The Test as a Whole 46.8 5.9 4.1

In the Compass Diagnostiec Test in Decimals, the percentage of
errors was reduced from 46,8% in the first test to 5.9% in the second

test, while the percentage of errors in the Brueckner Diagnostic Test

was 4,1%.

Table XXXIX A Comparison of the Medians of the Three Tests
Seore Age Grade

Equivalent Equivalent

Compass Diagnostie

Tesat IX (Sept.) 130,25 12 yr. 6.6 mo. Low Seventh

Compass Diesgnostic

Test IX (March) 189,75 14 yr. 6 mo. High Eighth

Compass Diagnostic Below Below High

Test X (Sept.) 47.75 11 yr. 6 wo, Sixth

Compass Diagnostie

Brueckner (Mareh) 114.11

The possible number of points are: Compass Diagnostie Test IX,

102; Compass Diasgnostie Test X, 138; Brueckner Diagnostic Test, 117,
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There were no norms provided for the Brueckner Diagnostic Test in
decimals,

In Test IX of the Compass Diagnostie Test in Deecimals, the median
age equivalent was raised from iwelve years six and six-tenths months
to fourteen years six months, while the median grade equivalent was
raised from low seventh grade to high eighth grade.

In Test X of the Compass Diagnostic Test in Deeimals, the median
age equivalent in September was too low to classify - below that of
eleven years six months, This median was raised to fourteen years
six months in March. The median grade equivalent in September was too
low to classify - below that of high sixth grade. In Mareh this median
was changed to high eighth grade.

Not all of the improvement shown can be attributed to the remedial
instruction, for a portion of it was due to the inerease in maturity on
the part of the pupil.

In the three tests errors were more numerous and persistent in
division than in the other operations. This, perhaps is due to the
many processes involved in division and the large number of types of
exemples, even within the range of relatively simple division.

A few of the persistent errors were due to lack of ability on
the part of the pupils. In almost all groups of pupils there will be
found those who are inferior 1in arithmetical ability and can not be
made proficient in computation. However, many of the errors were due
to carelessness,

Remedial work ecan function only when the exact level at which
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rupil mastery breaks down has been located. In this study, the exact
nature of the difficulty was revealed before the remedial program was
undertaken. Revealing the facts to the pupils concerning their per-
formances on the tests led to their taking an active part in the
remedial program.

The interpretation of the test scores and the remedisl procedures
were the most important part of this diagnostie testing program. How-
ever, an important purpose of a diagnostic testing program is the
location of weaknesses, and determining their causes as the basis for
preventive work. The need for remedial work of any kind implies a
failure at some point in the initial learning. While it is probable
that no scheme of teaching will entirely eliminate remedisl work,
it is to be expected that many difficulties in arithmetic may be
eliminated by anticipating them.

The remedial drills in this study closely paralleled the skills
they were to remedy., There was a sampling of all the basiec faects or
skills involved in the field. In many cases practice on the type of
work missed was sufficient to bring the pupil up to standard, How.
ever, there were many pupils who needed every practice on the type
of work missed to secure a greater facility and confidence in the
process, while there were a few who needed a complete reteaching of
the processes involved.

The entire subjest of decimals was thoroughly reviewed and it is
evident from the results obtained that systematiec and intemnsive drill

will eliminate errors and will help to bring a elass up to standard.




92

BIBLIOGRAPHY

Barber, Harry C, Junior high school mathematics. Eighth grade.
Chicago, Houghton Mifflin Company, 1927, 234 p.

A text for eighth grade. A combination of worthwhile
material with continued emphasis on fundsmentals.

Barber, Harry C. Teaching junior high school mathematics. Chicago,
Houghton Mifflin Company, 1924, 138 p.

Concerns the reorganization of mathematical instruction
in junior high schools.

Bennett, G. Vernon, Mathematics. (In Bennett, G. Vernon, The
Jjunior high school. Baltimors, Warwick and York Company,
1926, p. 1l12.115),

Advocates the continuance of arithmetic until after the
pupil has aequired the power of using algebra as an aid,
Brown, Joseph C. and Coffman, Lotus D. The teaching of arithmetic.
Evanson, Illinois, Row, Peterson and Company, 1924, 391 p.

Manual for teachers. Takes up arithmetical processes
and methods.

Brueckner, Lee J. "Analysis of difficulties in deeimsls"., (In
Elementary Sechool Journsl. vol. 29, p. 32-41. Sept., 1928),

Gives the types of diagnostic procedures. Contains a

diagnostic test of decimals. Gives methods of analyzing
results. A very good article,



Brueckner, Iee J. Brueckner diagnostic test in decimals: -~ Manual
of directions, Minneapolis, Educational Test Bureau, 1929,
11 p.

Directions for administering tests and interpreting resul ts,

Brueckner, Lee J. Diagnostiec and remedial teaching in arithmetiec.
Chicago, The John C. Winston Company, 1930, 341 p.

Deals with techniques for disgnosing pupils' difficulties
in all phases of aritmetic,

Brueckner, Lee J. Diagnostic tests in decimals., Minneapolis,
Educational Test Bureau, 1920, 4 p.

Exercises in fundementals of decimals. Purely diagnostie.
No norms.

Brueckner, Lee J. [and others|. The triangle arithmetics. Grade
seven and eight; by Lee J. Brueckner, C. J. Anderson, G. Q.
Banting, and Elda L., Merton. Chicago, John C. Winston Company,
1928, 260 p.

A text for seventh and eighth grades, Very good for
diagnostie and remedial work.

Burge, Lofton V. "Types of errors and questionable habits of work
in multiplication®, (In Elementary School Journal. vol. 33,
Pe 185-194, Nov., 1932).

Gives types, frequency, and probable causes of errors in
multiplication.
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Buswell, Guy T. and Judd, Charles H. Summary of educational investiga-
tions relating to aritmmetic; supplementary educationel monographs,
No. 87. Chicago, Department of Education, University of Chiecago,
1925, 212 p.

Summarizes scientific studies in arithmetic: content of
curriculum, textbooks, tests and measurements, methods of teaching,
drill, individual differences, and remedial methods.

ﬂistad. He We "An analysis of the drill provisions in the divisions of
decimals in ten arithmetie series"”. (In Journal of Educational
Research, vol. 27, p, 509523, March, 1934),

Finds that the division of an integer by a decimal receives
the least amount of practice in text books studied.

Green, Charles E, and Buswell, G. T, Testing diagnosis anl remedial
work in arithmetic, Bloomington, Illinois. 1930, 47 p.
(National society for the study of education, Published by the
Public Sehool Publishing Company. Prepared by the society's
comittee on arithmetie. Twenty-ninth year book, 1930).

Purpose of tests in arithmetie. Treatment of resul ts,
Remedial work, Importance of preventive measures.

Greene, Harry A, and Jorgensen, Albert No The use and interpretation
of elementary school tests., New York, Longmans, Green and
Company, 19368, 530 pe

Contains the essential principles of measurement in education.
Has concrete illustrations.
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Grossnickle, Foster E. "How to estimate the quotient figure in long
division". (In Elementary School Journel. vol. 32, pP. 299-308.
December, 1931).

Recommends the "apparent method"of estimating the quotient ‘
for all two-figure divisors ending in 1-8 inclusive, and "inerease
by one™ method for divisors ending in 9,

Grossnickle, Foster E, "Practice material in the estimation of the
quotient in long division found in current text books". (In
Elementery School Journal., vol. 33, p. 130-141. October, 1932),

Finds extreme variability in method and amount of practice
in the estimation of the quotient.

‘Henmon, V. Ae C. and Nelson, My, J. The Hemmon-Nelson tests of mental
ability. Chicago, Houghton Mifflin Company, 1936s. 2 P

A self-marking test.

Hemmon, V. A C. and Nelson, M, J. The Henmon-Nelson tests of mental
ability: Teacher's manual. Chicago, Houghton Mifflin Company,
1936, 4 p.

Direetions for administering tests. Table for determining
I.Q."'se

Hines, Harlen Cameron, Mathematies. (In Hines, Herlan Cameron.

Junior high school curricula. New York, Macmillan, 1924, p. 25=~50).

Gives course content and methods of presentation.




Johnston, Isabelle., "An experiment in teaching junior high sehool
mathematics"., Master's 1935, University of Cincinnati. 123 p. ms,
Finds that pupils do not have adequate concepts of the numeriecal
value of decimals nor mastery of the basic combinations,
Knight, F. B, and others. Standard service aritimetics. Grade eight;
by F. B. Knight, J. W, Studebaker and G. M. Ruch. Chicago, Scott,
Foresman, and Company, 1928. 482 p. -

A text book. Very good for diagnostic and remedial work.

Lee, Doris May and Lee J. ™Maintenance drills in the junior high
school”, (In Mathematics Teacher. vol. 24, p. 448-452., November,

1931).

Survey tests show seventh and eighth grades weak in aritmetic.
Concludes maintenance drills in fundamentals should be given each
week.,

Merton, Elda L. and Banting, G. O. Remedial work in arithmetic.
Washington, D. C., 1923. 25 p. (The problem of the elementary
school principal in the light of the testing movement, published
by the National Educational Association of the United States. Pre-
pared by the Department of Elementary School Primeipals. Bulletin
of the Department of Elementary Sehool Prineipals, vol. 2, no. 4,
The 8econd Yearbook, July, 1923).

A summsry of the suggestions given to teachers during a drive

to bring the results of the arithmetic teaching up to a satisfactory
standard.
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Neweomb, Ralph S, Modern methods of teaching arithmetic. Chicago,
Houghton Mifflin Company [l926]. 353 p.

Represents a serious attempt to correlate modern scientifie
methods of teaching with present day demands in econnection with
subject matter of arithmetiec,

Osburn, Worth J. Corrective aritmmetic., Chiecago, Houghton Mifflin
Company, 1924, 182 p.

Finds errors in arithmetic are specific, widespread, and
constant. Suggests how to do a few things better than they have
been done.

Roantree, William F, and Taylor, Mary S. An arithmetic for teachers.
New York, Macmillan and Company, 1927. 621 p.

Emphasizes methods of teaching and teacher knowledge.

Rueh, G, M. [and others|. Compass diagnostic tests in aritimetie:
Test IX, Form A, Addition, subtraction and multiplication of
decimals: by G. M. Ruch, F. B. Knight, H, A. Greene, and J. W.
Studebaker. Chicago, Seott, Foresman and Company, 1925. 4 p.

Deals with reading, writing and converting decimals, and
the addition, subtraction and multiplication of decimals,

Ruch, G, M. [and others]. Compass diagnostie tests in aritmmetie:

Test X, Form A, Division of decimmls; by G. M, Ruch, F, B. Knight,
H. A. Greene, and J. W. Studebaeker. Chieago, Scott, Foresman
and Company, 19325. 4 D,

A test over division of decimals.
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Rueh, Re M, [and others/. Manual of directions for Compass disgnostie
tests in arithmetic; by G M. Ruch, F. B. Knight, H. A. Greene,
and J. W. Studebeker, Chicege, Scott, Foresman and Company, 1925.
64 p.

Gives direction for administering the tests and interpreting
the scores in terms of norms.

Schorling, Raleigh Emd othersj. Modern school msthematics, Book two;
by Raleigh Schorling, John R. Clark, and Rolland R, Smith,
Yonkers-on~Hudson, New York, ¢l935. 364 p,.

A text for eighth grade arithmetic. Sufficient amount of
drill for mastery of the fundsmentals,

Schlegel, Edna E. "A diasgnostic study of pupil difficulties in the
fundemental operations in deeimmls", Master's 1935, Pittsburgh.

A masters thesis. Coneludes errors are due to carelessness,
lack of ability, and faulty comprehension.

Smith, David Eugene and Reeve, William David., The teaching of junior
high school mathematics, Chicago, Ginn and Company ¢l927 . 406 p.

Makes suggestions for improving curriculum and methods of
instruetion.

Touton, Frank Charles and Struthers, Alice Ball. Mathematies in junior
high sechool. (In Touton, Frank Charles and Struthers, Alice Ball,
Junior high sehool procedure. Chicagoe, Ginn and Company, /o 1926j,
Po 335-349).

Deals with objectives, content, methods, and testing results
of mathematics in junicar high school.




Washburn, Carleton W. m"Socisl practices in aritimetic fundementals",

In Elementary School Journsl, wol. 27, p. 60-86. September, 1926).
Report of an investigastion as to whether fundamental operations

taught in our school conform with social needs and practices.

Wildeman, Edward. The supervision of drill work in arithmetic, Washington,
D. C. 1924, 20 p. (The status and protessibnal activities of the
elementary school prineipals, published by the Nationel Educetional
Association of the United States, Prepered by the Depertment of
Elementary School Principels. Bulletin of the Department of
Elementary School Principals, wl. 3, no. 4, The Third Yearbook,
July, 1924,)

Desceribes methofs and devieces for drill in fundamental operations
with integers.
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Patented March 19, 1920
Edited by Frank L. Clapp, Professor of Education
University of Wisconsin

THE HENMON-NELSON TESTS
OF MENTAL ABILITY—Form A

Elementary School Examination. For Grades 3-8

By V. A. C. Henmon, Ph.D., Head of the Department of Psychology
University of Wisconsin, and M. J. Nelson, Ph.D., Head of the
Department of Education, Iowa State Teachers College

Copyright, 1931, by V. A. C. Henmon and M. J. Nelson

DIRECTIONS TO THE PUPIL: The three Practice Exercises in the
next column are given so that you may see how to do the test. Read
each one carefully and mark the answer that you think is right.

You are to mark in the square which has the same o
that tells you what it is boys like to play. Thi

make a mark like this X in the square that contains
ber of the word “ball” is 1.

Practice Exercise 2. I am down town. A8
1 able, 2 see, 3 country, 4 going, 5 color.. ..... ¢

$

Mark in the square that you think should be mark
‘“‘going,” so you should have marked in the square:
Practice Exercise 3. Green is the name of a: 1 cold]
G L - o e i SR R Lt -, |
Mark in the square that you think should be mar¥%
marked in the square numbered 1

If you find that you have made a mistake and mar]iy
do not erase, but simply draw a circle around it anc"
square. i

Grade.

Age.
)

Birthday.

1.

2.

10.

1%

12.

13.

14.

15.
16.
17
18.

19:

What day comes next after Tuesday? 1Saturday, 2 Thursday,
3 We day, 4 Monday, 5 Sunday......... EEEE
The butcher sells: 1 beef, 2 cedar, 3 pencils, 4 glasses, 5 rye.
@ (2} [3] (4]
4 coverings,
HEERE
. Tiny means: 1 great, 2 old, 3 sorry, 4 safe, 5 sifall. _
EEEE

. Which one of the numbers below is the smallest?
(1) 38¢7, (2) 5639, (3) 9211, (4) 6537, (5) 2743. (Y] [2] [3] (1] (5]
. This .. the coldest day of the year. Which word should be in
the blank: 1 can, 2 i¢, 3 not, 4 day, 5 may.. .. [ §I G &[]
. Velvet is a kind of: 1 deed, 2 cMh, 3 brush, 4 picture,
SR O AR ¥ EEE

1 looking, 2 needy, 3 stupid, 4 careful, 5feeging. [1] [2] (2] [4] [§)
. Which one of these numbers is the largest? (1) 42316,
(2) 17989, (3) 26895, (4) 37897, (5) 55¢55-- .- M [ B (4] [{)
Which word does not belong with the others? 1 north,
2 south, 3 west, 4 U5 D 66 ok g0 o0 o CEPE
Joy means the same as: 1 sleep, 2 happiness, 3 sorrow, 4 help,
5 noise ¥l B [2] [5]
There was no .. . of a storm. A word for the blank is: 1 sign,
2 school, 3 house, 4 after, 5sea............. NI 21 31 [
Which word does not belong with the others? 1 apple, 2 pear,
3 screech, 4 peach, 5plum.................. AEpkE
When he awoke he was . ... to find his dog gone. A word for
the blank is: 1 noticed, 2 sincere, 3 portly, 4 before, 5 sur-
TETEEIbe 2o g e - g Ho GHEEE S SRR ARE R EE AR e EEEE
Which word does not belong with the others? 1 pen, 2 rock,
3 paper, 4 ink, 5pencil.. . .................. N E[EE
At a dinger there is always: 1 a tablecloth, 2 cutlery, 3 com-
pany, 4 fierriment, 5 food.. .. ........... ... HEREE
The high . ... were rugged and bare. A word for the blank is:
1 valleys, 2 seas, 3 mountains, 4 lights, 5 storms. [1] [2] [] [<] [5]
Which word does not belong with the others? 1 Monday,
2 April, 3 January, 4 May, 5 June.. ......... EEEE
Which of these words comes first in the dictionary? 1 apple,
2 long, 3 winter, 4 snow, 5peach.. .......... Y EEGEE
. A sheet of music always has: 1 rhythm, 2 words, 3 notes,

4 covers, S5players.. ...........c...oinnt OE@eaE
. The days are long in summer and . . . . in winter. Which word

should be in the blank: 1 very, 2 short, 3 long, 4 almost,
B[4l [5]
. Which word does not belong with the others? 1 in, 2 after,

3 before, 4 into, 5snOW.. ... ... ... EEEE

. The mother bird was . ... her young. A word for the blank is:

23. Large means the same as: 1 top, 2 lonC
ofstrikingu. LR 10 L e ST §
Which of the following is the shortest timek:
3 century, 4 month, 5 week........... s
Which word does not belong with the oth
3 green, 4 circle, 5 black............. y
Which month comes just before March? f‘
3 May, 4 February, 5 August.. .......] I

Toe is to foot as finger is to: 1 shoe, 2 ¢

¥
Which one of these numbers is next to tF

(1) 12761, (2) 37654, (3) 84972, (4) 7564,

From the distance came the . . . . of child
for the blank is: 1 silence, 2 sight, 3 h:
Sysounndats. | ool Sel ST RN £
Which of these words comes last in the {
2 perhaps, 3 after, 4 yes, 5 apron.. . . .. | E
The most important difference between a”
that a watch: 1 runs faster, 2 is smaller
gold, 5 costsmore.. .. ..... .........] b

Bird is {o feathers as fish is to :1 scales, 2°

24,
25.
26.
27.

28.
29.

30.

31.

32.

A fire always has: 1 wood, 2 coal, 3 gas, 4

1.33.
34. The most important difference between &
is that a window: 1 is larger, 2 is stronger
light, 4 isn’t necessary, 5 is heavier. . . .

Which word does not belong with the of
spoon, 3 knife, 4 fork, 5 tablespoon.. . . .

Every nation has an army to: 1 march i
ships, 3 protect its people, 4 help on farn'

35.

36.

37. To recover means to: 1 turn, 2 lead, 3 pr;

Artist is to picture as author is to: 1 brush
ing, 4 book, 5shop.. ... ........... ...

If the letterse lic ad e t were arranged ];
spell: 1 elucidate, 2 dedicate, 3 elegance,

38.

39.

40. Apple is to tree as currant is to: 1 bush, 2'

41, 8652476304278450328407543 In these 1

4’s come just before a 97 1 one, 2 two, 3 |

If these words were arranged to make a
what letter would the second word begin
playdolls 1t,2g,3L,4w,5p........

42,
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