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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
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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,.
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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<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>