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CHAPTER I 

IN'l'aODUOTION 

can the results ot the teaching ot the tour ~de.IOOntal opera-

tions in arithmetic be improved? This is an important question that 

confronts most teachers ot arithmetic. s. A. Courtis ot Detroit• 

Michigan, reports that seventy per cent ot eighth grade children do 
1 

not attain an accuracy above seventy. Charles H. Judd makes the 

statement that there is no subject in the curriculum ot the eleumte.ry 

school in which :tailure is so common as it is in arithmetic; and 

mathematics in the higb. school bars the road to intellectual progress 
2 

more frequently than do al1 other subjects combined • 

How can the teacher eliminate the difficulties which interfere 

with pupil progress, and reduce the number ot failures in arithmetic? 

At the beginning ot a school year, the teacher many timas is not closely 

informed as to the spread in abilities other pupils. But she realizes 

that within one grade a wide variation in the range ot the achievement 

ot pupils may exist. She is better pl'epared to deal with the errors 

and failure.a ot her pupils it these weaknesses in achievement and 

ability can be located. A group diagnostic test will show not only the 

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

1. Brown, J. c., and Cottman, L. D. How to Teach Arithmetic. Chicago, 
Row, Peterson & Co., 1914. p. 38. 

2. Judd, Chaitles H. The Psychology of Social Institutions. New York, 
The Macmillan Co., 1926. P• 338~ 



out weaknesses so that the teacher may organize her work in sueh a way 

as to give time to those wlx> ere below the s tandard and omit deadening 

drill tor those who are above. These statements furnish the incentive 

and background tor the problem of this thesis. 

To be DX>re specific, the problem ot this thesis is stated as 

follows: "A study ot the Mathematical Ability and Achievement ot Eighth 

Grade 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 ot 1937-19381 to determine specifically where eighth grade pupils 

are most detioient in the fundamental 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 arithmetic 

without lowering the s t andards. 

A number ot recent studies have be n made in this problem. Edna 

E. Schlegel diagnosed pupils' difficulties in decimals and found that 

pupils do not have adequate concepts ot the mmErioal val.ue ot decimals 
3 

nor mastery ot the basic combinations. 

Isabelle johnston studied the arithmetical errors of eighth grade 

pupils and concluded that the errors were due to carelessness, lack ot 
4 

ability, and faulty comprehension. 

3. schlegel , Edna E. "A Diagnostic study ot Pupil Difficulties in the 
Fundamental Operations in. Decimals". Master's le:35. Pittsb1:1rgh. 

4. Johnston, Isabelle. "An Experiment in Teaching Junior High School 
Mathematics"• Master's 1935. University of Cincinnati. 
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4 
In 1926• a conmittee of seven of the superintendents' and 

Principals• Association o:t Northern Illinois, w1 th the cooperation 

ot several superintendents of schools, made an investigation to deter-

mine it the standards toward ·which our schools are working i n the funda-

mental operations in arithmetic contorm with social needs and practices. 

The following statement is taken from their report, "Children graduating 

from the eighth grade do not possess anything like as much skill in 

addition and subtraction as social needs apparently demand. On the 

other band it is likely' that under the spur of social need, the better 

halt ot them will acquire the necessary skill. Children graduating 

from the eighth grade have somewhat more speed and accuracy in mu.l ti ... 
5 

plication and division than have intelligent adults•" 
6 

A study of the arithmetical. disabilities of high school students 

was made by Mildred M. Clyde to determine the arithmetical unders t andings 

and abilities of the mathematics students ot the Stowe Township High 

4. The comni ttee of seven consisted ot the f'ollowing men: Harry o. 
Gillet, principal of the University Elementary School, university of 
Chicago; Floyd Goodier, superintendent of schools. Chicago Heights, 
viee-chairman; W. :r. Hamil ton, superintendent of schools, Oak Park; 
E. E. Lewis, superintendent of schools, Rockford; w. c. Reavis, 
principal of the University High School, University of Chicago; :r. 
Roy Skiles, superintendent of schools District 76, Evanston; and 
Carleton W. Washburn, superintendent of schools, Winnetka, chairman. 

5. Washburn, Carleton w. "SOc ial Practices in Ari t.bmatic FUndamentals". 
Elementary School :rournal, XXVII ( September, 1926), PP• 60-66. 

6. Clyde• Mildred M. "A study of the Arithmetical Disabilities of High 
School Students." Master's 1934. Pittsburg. 
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School by means of a standardized diagnostic 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 Bt>wdren traced the causes ot failure ot five children 

in the fifth and sixth grades in a school in a ~burb of Boston, and 

showed specific work done with each child i n overcoming his failure and 
7 

renewing his sense of ability. 
8 

Sister :M. Leonardilla, in a study 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. 
9 

Margery Lucile Settle made a study of the errors in the eighth 

grade in forty-two schools in McLean County, Kentucky, and an analysis 

of six arithmetic work books to determine whether or not pupils who use 

them could obtain adequate drill to meet the difficulties found in eighth 

grade arithmetic. 

The general procedure employed in carrying forward the project in 

7. Bowdren, Marion Ellen. "Five Case studies of .Arithmetic Failures." 
Master's 1934. Boston University. 

a. Leonardilla, Sister M. "Third Grade Dia.gnostic and Remedial Work in 
the Four Arithmetic Fundamentals." Master's H}32. Indiana State Teachers 
College . 

9. settle, Margery Lucile. "The Difficulties in Eighth Grade .Arithmetic 
and the Frequency o:f Their Appearance in Work Books". Master's 1934. 
Kentucky. 



the Dodge City J'Unior High School eighth grade may be described in terms 

of tour steps, namely, (1) the measurement ot mental ability, (2) the 

diagnostic test of the arithmetica1 ability in decimals, (3) the program 

of remedial instruction, and (4) the tests used to detennine the improve-

ment, if any, resulting from the remedial instruction. 

This testing program began at the end of the first month or school. 

By then the "Warming up process" or review work which was necessary to 

overcome the retrogression in ability in arithmetic which occurred 

during the sUDID8r vacation was completed. A more reliable picture ef 

the conditions was secured then by a test given immediately atter the 

opening of school. 

On September 27, 1927, the HeIDllOn Nelson Test of Mental Ability, 
10 

Form A ( see page 100) was given to the pupils of the eighth grade to 

determine the mental age and the intelligence quotient or e~ch pupil. 

On September 28 and 29 1 1937, the Compass Diagnostic Testa in 
11 

.Arithmetic: Test IX, Ferm A, Addition, subtraction, and Multiplication 

of Decimals (see page 101), and Test X, Form A, Division of Decimals 

(see page 102), were given to determine the weaknesses of each pupil 

so that the ranedial instruc t1on could be given to those below standard. 

Forms B of Tests IX and X or the Compass Diagnostic Tests in 

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

10. He]l]D)n, v. A. o., and Nelson, M. J. The Henm:>n Nelson Tests ot 
Mental Ability. Chicago, Houghton Mifflin Co., 1931. 

ll. Ruch, G. M. and others. Compass Diagnostic Tests in Arithmetic. 
Chicago, seott, Foresman and co., 1925. 
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available at that time, the Forms A were given again on March 23 and 
12 

24. Then, on March 25, the Brueckner Diagnostic Test in Decimals 

( see page l03) was given to obtain a more accurate result ot the 

achievements of the pupils in the remedial program in decimals. 

All specified directions tor administering the tests were care-

tully followed. Since the quality of children'~ responses depends 

upon a favorable attitude, one of the important items ot this testing 

program was to make certain the children were at ease before starting 

the tests. 

Atter the tests were checked the data were assembled in the form 

of tables. Only very simple statistical methods were applied to the 

data secured :trom the testing program. 

4 

12. Brueckner, Leo :r. Diagnostic Tests in Decimals. Minneapolis. 
Educational Test Bureau. 1929. 
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CHAPTER II 

A PBELD.llNARY SURVEY OF THE PUPil.S TESTED 

Dodge City, located in southwestern Kansas, has a population ot 

ten thousand. It is a commercial, distributing and retail center, 

and is the primary market tor grain, poultry, and dairy products of 

southwestern Kansas, eastern Colorado, and northwestern Oklahoma. 

The leading industries of Dodge City include Santa :re railroad 

shops, fl.our milling, creameries, canvas goods, bakery- products, 

concrete products, electrical power, bottled beverages, processed 

sheet metals, 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 ot the eighth grade pupils belong 

to the business and professional class, while about fifteen per cent of 

the pupils come from homes dependent upon the W.P.A. or direct relief 

tor support. The major! ty of the pupils are tram the middle walks of 

lite. Many ot these pupils will graduate from high school, but will 

not complete their college education. A tew will quit school before 

completi:mg their high school work, and tor this reason, it ~a desirable 

to diagnose and remedy the deficiencies in arithmetic. 
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One hundred seventy- two pupils took part in this experiment. In 

planning this program, it was decided to exclude the scores of those 

pupils who iooved away betore the testing was completed, and t he scores 

ot those who entered school after the testi ng program was started. 

The scores ot seventeen pupils were excluded. There were one hundred 

fifty-five pupils who took part in the entire e:Jq>eriment, sevent y-eight 

girls and seventy-seven boys. 



Table I The Chronological Ages to the Nearest Third Month 

Years - Months 

16 - 6 
16 - 3 
16 - 0 
15 - 9 
15 - 6 
15 - 3 
15 - 0 
14: - 9 
14 - 6 
14 - 3 
14 - 0 
13 - 9 
13 - 6 
13 - 3 
13 - O 
12 • 9 
12 - 6 
12 - 3 
12 - 0 
11 • 9 

Total 

Number ot Pupils 

l 
0 
l 
1 
l 
4 
2 

10 
8 

11 
10 
17 
20 
33 
15 
17 

2 
l 
0 
1 

155 

The pupils' chronological ages, to the nearest third month, ranged 

trom eleven years nine months to sixteen years six months. The median 

chronological age to the nearest m:>nth was thirteen years seven months . 
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Table II The Mental Ages ot the Pupils 

Years-Months No. of Pupils Years-Months No. or Pupils 

17 - 4 1 13 - 6 5 
17 .. 3 0 13 ... 5 0 
17 - 2 0 13 - 4 0 
17 .. l 0 13 - 3 4 
1'1 - 0 4 13 - 2 7 
16 - 11 0 13,.. 1 0 
16 - 10 0 13 .. O 3 
16 ... 9 0 12 - 11 0 
16 - 8 3 12 - 10 5 
16 - 7 0 12 .. 9 3 
16 - 6 0 12 - 8 6 
16 - 5 0 12 - 7 5 
16 .. 4 5 12 - 6 0 
16 • 3 0 12 - 5 3 
16 - 2 0 12 - 4 3 
16 - l 0 12 .. 3 1 
16 - 0 7 12 - 2 2 
15 - 11 0 12 - 1 0 
16 - 10 0 12 - 0 2 
15 .. 9 0 11 - 11 0 
15. 8 4 11 - 10 1 
15 - 7 0 11 - g 2 
15 - 6 0 11 .. 8 l 
15 - 5 0 11 - 7 0 
15 • 4 3 11 - 6 2 
15 - 3 0 11 - 5 1 
15 - 2 10 11 .. 4 1 
15 - 1 0 11 - 3 3 
15 - 0 5 11. 2 2 
14 - 11 0 11 - l 1 
14 - 10 6 11. 0 1 
14 - 9 0 ,10 - 11 0 
14. 8 7 10 - 10 l 
14 .. 7 0 10 .. 9 0 
14. 6 4 10 .. 8 3 
14 - 5 0 10 - 7 0 
14 - 4 0 10 - 6 1 
14 • 3 5 10 ... 5 0 
14 - 2 0 10 - 4 l 
14 - l 0 10 .. 3 0 
14 - 0 'I 10 .. 2 0 
13 - 11 0 10 .. 1 0 
13 - 10 8 10 - 0 0 
13 .. 9 5 10 - 11 0 
13 .. 8 0 9 .. 10 0 
13 - 7 0 9 .. 9 1 

Total 155 
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The pupils' mental ages, as found by the results of the Hemnon-

Nelson Test ot Mental Ability, ranged from nine years nine m:>nths to 

seventeen years :tour months. The median mental age to themarest 

month was thirteen years ten mnths. 

Table III The Intelligence Quotients of the Pupils 

I.Q. No. of Pupils No. or FUpils 
136 1 
135 0 
134 0 
133 2 
132 0 
131. 2 
130 O 
129 0 
128 4 
127 0 
126 1 
125 3 
124 0 
123 2 
122 0 
121 6 
120 O 
119 3 
118 2 
117 O 
116 4 
115 2 
114 3 
113 1 
112 5 
111 a 
110 6 
109 1 
108 9 
107 2 
106 3 
105 0 
104 3 
103 1 
102 7 
101 2 
100 4 

99 
98 
9'1 
96 
95 
94 
93 
92 
u 
90 
89 
88 
87 
86 
85 
84 
83 
82 
81 
80 
'19 
78 
77 
76 
75 
'14 
73 
72 
71 
'70 
69 
68 
67 
66 
Total 

4 
5 
4 
5 
4 
3 
2 
4 
0 
1 
1 
3 
2 
1 
2 
6 
l 
0 
0 
4 
3 
2 
2 
1 
3 
1 
0 
0 
0 
l 
3 
0 
0 
l 

155 

The pupils' intelligenoe quotients ranged from 66 to 136, 
median ot 102.36. 

with a 



Table IV 

Seore 

183 
182 

Compass 

Additio1 

of Dec 

No. ot P 

l 
0 

12 

1pils 

~, 0 



Table V .Age Equivalents as Found by the Compass 

Diagnostic Test: Test IX, Form A, Addition, 

subtraction, and Mtlltiplication of Decimals 

( Sept Ember 28 • 1957} 

Years - Months 

14 - 6 
14 - 3 
14 - 0 
13 - 9 
13 - 6 
13 - 3 
13 - 0 
12 - 9 
12 - 6 
12 - 3 
12 - 0 
11 - 9 
11 - 6 
11 - 3 
11 - O 
10 - 9 
10 - 6 
Below 10 - 6 
Total 

No. of Pupils 

29 
5 
2 
4 
8 
5 
7 

11 
8 

12 
9 

11 
7 

11 
8 
8 
4 
6 

155 

13 

The Age equivalents as shown by the norms given tor the Compass 

Diagnostic test: Test IX, Form A, Addition, subtraction and 14lltipli-

cation ot Decimals, ranged from below ten years six months to foorteen 

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 or Decimals 

(September 28, 1937) 

Grade 

HS 
LS 
H7 
L 7 
H 6 
L 6 
H 5 
Below H 5 
Total 

No. or Pupils 

39 
g 

15 
u 
23 
16 
11 
26 

155 

The grade equivalents as sbown by the norms given for the 

Compass Diagnostic Test: Test IX, orm A, Addition, subtraction, 

and Mul tipliea tion of Decimals, ranged from below titth grade to 

high eighth grade. The- median grade equivalent was low seventh 

grade. 



Table VII 

score 
117 
116 
115 
114 
113 
112 
111 
110 
109 
108 
107 
106 
105 
104 
103 
102 
101 
100 

99 
98 
97 
96 
95 
94 
93 

Compass Diagnostic Test: Test x. Form A 

Division ot Decimals (September 29• 1937) 

No . of Pupils score No. of Pupils 
1 
1 
0 
1 
0 
1 
2 
0 
0 
1 
0 
2 
0 
0 
3 
0 
2 
0 
0 
1 
0 
1 
1 
0 
3 

0 
8 

59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 

2 
3 
4 
4 
0 
3 
2 
2 
1 
3 
0 
2 
2 
3 
3 
1 
2 
6 
0 
3 
4 
2 
3 
3 
2 

T 
1 

15 



Table VIII Age Equivalents as Shown by the Compass 

Diagnostic Test: Test X, Form A, Division 

of Decimals (September 29, 1937) 

Years - Months 

14 - 6 
14 .. 3 
14 - O 
13,. 9 
13 - 6 
13 - 3 
13 - 0 
12 - 9 
12 - 6 
12 - 3 
12 - 0 
11 - 9 
11 - 6 
Below 11 - 6 
Total 

No. ot Pupils 

33 
4 
4 
2 
2 
1 
2 
3 
0 
0 
2 
3 
4 

95 

...... 

The age equivalents as slx>wn by the norms given tor the Compass 

Diagnostic 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 classi:ry - below that o~ eleven year s 

six months. 



Table IX Grade Equivalents as Shown by the Compass 

Diagnostic Test: Test X, Form A, Division 

ot Decimals (september 29• 19~) 

Grade No. 9t Pupils 

H 8 42 

L8 4 

H7 2 

L 7 3 

H 6 0 

Below H 6 104 

Total 155 

The grade equivalents as sho by the norms given for the 

J."f 

Compass Diagnostic 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 elassify - below that ot high sixth grade level. 



The results of the Compass Diagnostic Tests in the tundamental 

operations in decimals show an 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. 
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CH APTER III 

THE REMEDIAL PROGBAM 

In general, there are three types of diagnoo_:tie procedures: the 

survey, the analytical, and the psychological.. The Dodge Oity program 

included all three ot the procedures. It was a survey program, in that 

the scores ot the pupils were compared w1 th the standards to determine 

the arithmetic grade and age ot each pupil as well as the class in the 

tour :f'Un.damental operations in deciml.s. It was analytical, in that 

the mistakes were analyzed to determine the types at problems w1. th 

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 ot 

the pupils' ·written wc.,rk. Individual exBJ11inations were given to a 

number ot pupils by having them 110rk problems aloud when unusual 

methods were discovered or proper progress was not made in the remedial 

program • 

.Ari thmetie lends i tsel.:r readily to analytical treatment as tar as 

the elements involved in computation 1n ari tbmetie processes are con-

cerned, tor it is made of habits, skills and general abilities. 

The basis of this analysis was a study ot the written worlc o~ one 

hundred titty-tive eighth grade pupils ot the Dodge City Junior High 

school. Atter the tests had been given, the incorrect examples were 

studied to determine the causes of errors. Many peculiar errors, 
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taulty- types of procedure, am special difficulties were found in the 

work ot the pupils. The errors were classified according to type. The 

total number of different types ot errors found was si:xty'-six. The 

number ot errors were distriruted as follows: general difficulties in 

reading, writing 9 and converting decimals, 6216; difficulties in 

addition, 263; difficulties in subtraction, 249; difficulties in multi-

plication, 172?; end difficulties in division, 6563. The tables con-

tain the classification of a total of 15018 errors. 



Table X Ditficulties in Reading, Writing 

and Converting Decimals 

1. Laek ef comprehension of the numerical value of 

Frequency 

decimals 518 

2. Lack of comprehension ot the place value of numbers 400 

3. Ditticul.ties in expressing a decimal number in words 

a. Errors in spelling 

b. Omission of essential words 

e. Inability to write decimal traction in words 

4. Dit:Uculties in reading and writing decimal.a 

33 

6l. 

182 

a. Inability to write decimal fractions 1n figures 342 

b. Omission of decimal point 41 

c. Misplacing decimai point 29'1 

d. Inability to express a comroo fraction or a 
mixed number as a decimal 

e. Zero difficulties 
( l) Extra zero in answer 

(2) Misplacing zero 

5. Dif'ficul ties in writing decimals as conm:>n tractions 

a. Inability to reduee tractions to lo11Bst terms 

830 

192 

19 

266 



Table XI Dittieulties in Addition of Decimals 

Frequency 

l. Errors in number combination 74 

2. Ditticul.ties peculiar to decimal situations 

a. Errors in pleoing decimal peint 39 

b. Misplacing the whole number 94 

•• Omission ot decimal point 31 

3. Other ditticulties 

a. Not attempted 9 

b. Incomplete 6 

c. Misoopie d 10 

Total 263 

There were 9 problems in this part of the test. The possible 

IUUDber ot errors for the entire class was 1395. (Assuming an error 

by every pupil on each problem). The percentage of errors and 

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



,...., 

Table XII Dif ficulties in Subtraction of Decimals 

Frequency 

1. Ditf'iculties basic to any subtraction 

a. Carrying difficulties 28 

b. Errors in subtraction tacts 27 

c. 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 

c. Misplacing decimal point 27 

3. Other difficulties 

a. Not attempted 54 

b. Failure to follow directions 8 

c. Incomplete 9 

d. Misco:pied 8 

Total 249 

There were 9 problems in this part of the test. The possible number 

of errors tor the entire class was 1395. (Assuming an error by every 

pupil on each problem. ) The peroen tage ot errors am omissions to the 

nearest tenth ot a percent was 17. 8%. 



Table XIII Ditt ieulties in Mll.tiplieation ot Decimals 

1. Difficulties basic to any multiplication 

a. Errors in multiplication 

be Errors in adding partial products 

c. zero difficulties 

2. Difficulties peculiar to decimal situations 

a. Placement of decimal point 

(1) Misplacing decimal point 

(2) Omitting decimal point 

b. Placing ot zero 

(1) Failure to prefix zero 

(2) Failure to annex zero 

(3) Prefixing unnecessary zero 

(4) Annexing unnecessary zero 

3. Other difficulties 

a. Not attenpted 

b. Incomplete 

e. Miscopied 

Total 

Frequency 

139 

27 

77 

738 

110 

38 

20 

36 

92 

417 

27 

6 

1727 

24 

There were 34 problems in this part of the test. The possible 

number of m:-rors tor the en tire class was 5270. \ Assuming an error by 

every pupil on each problem) . The percentage of errors and omissions 

to the nearest tenth of a percent was 32. &;. 



Table XIV D1:f':f'1c ul.ties in Division of Decimals 

1. Dif:f.'icul. ties be.sic to any division 

a. Errors in division 

b. Difficulties with trial divisor 

c. Number omitted in quotient 

d. Errors in multiplication 

e. Errors in subtraction 

2. Difficulties peculiar to decimal situations 

a. Placement of' decimal point 

(1) Decimal point misplaced 

(2) Decimal point omitted 

(3) Using decimal point when unnecessary 

b. Placement or zeros 

(1) Failure :to prefix zero in quotient 

( 2) Failure to add zero to dividend 

(3) Failure to add zero to quotient 

(4) Annexing unnecessary zeros to quotient 

(5) Prefixing unnecessary zeros to quotient 

(6) Putting zero in wrong place in quotient 

3. Other difficulties 

a. Not attempted 

b • Incomplete 

o. Failure to follow directions 

d. Miscopied 

Total 

Frequency 

309 

133 

34 

70 

61 

1822 

170 

184 

159 

252 

714 

154 

126 

43 

1890 

47 

38'1 

8 

6563 

25 



There were 73 problems in this part of the test . Assuming an 

error by every pupil on each problem, the possible number ot errors 

for the entire class was 11316. The percentage ot errors and omissipns 

to the nearest tenth of a percent was 58.0%. 

On the entire test, there were 207 problems. The possible number 

of errors tor 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 ot procedure , and special 

difficulties were found in the work ot the pupils . The following 

illustrations will show soIE of the faults mat commonly found. 

DESCRIPTION OF GENER.AL DIF.FICULTIES 

I . Lack of comprehension of the numerical values of decimals 

A. Illustration.--Draw a line under the larger number in each 

pair below. 

. t2 0 . 318 ",3018" 

B. Desoriptien.--The pupil drew a line under the longer number 

and not the number larger in numerical value. 

II . Lack ot comprehension of the place value of numbers 

A. Illustr ation.--study the number at the lett below and then 

write on the lines the place value of each ot 

the f i gm-es . Notice that the place value of 

the first ti gure has already been filled in 

corr ectly. 
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68247 . 5391 6 ten thousands 5 "thousand" 

8 "millions" 3 "hundred" 

2 "thousands" g "hundred" 

4 "hundred" 1 "hundred" 

7 "tenth" 

Description. -- Evidently this pupil had no idea·ot the place value 

ot numbers. He wrote none of them correctly and 

gave tour different figures in the number the place 

value of hundreds. The only decimal notation used 

was tenths which was incorrectly given tor the units 

place. 

III. Difficulties in express:lng a decimal number in words 

A. Instruction.--Write each number below in words . 

1. Errors in spelling 

(a) Illustration 

(1) . 9 "nine tents" 

( 2) . 09 "nine hundreds'' 

(b) Description. - -The pupil spelled "tenths" and "hundredths" 

as he probably pronounced them. 

2. Omission ot essential words 

(a) Illustration 

4 . 247 "Four - two hundred forty seven" 

(b) Description. - -The pupil placed a dash for the word "and" 

and omitted the word "thousandths". 
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IV. Difficulties in reading aDi writing decimals 

A. Instruction.--Write each of these numbers in decimal form. 

1. Inability to write decimals in figures. 

a. Illustration 

(1) Eight hundredths 

(2) Two hundred ninety-six thousandths "200.096" 

b. Description 

(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 tor 

he wrote the number as though it were ntwo hundred 

and ninety-six thousandths" 

2. Omission of the decimal point. 

a. illustration 

Thirty and seven- tenths "307" 

b. Description.--The omission of the decimal point was 

probably due to carelessness. 

B. Instruction.--Change the fractions and mixed numbers below to 

decimal torm. Carry to three decimal places it 

necessary. 

1. Misplacing ot the decimal point. 

a. Illustration 

(1) 973/100 = ".973 

(2) 9 4/5 = ".980" 



b. Description 

(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 tor hundredths. 

2. Inability to write a traction or mixed number as a decimal. 

a. Illustration 

(1) 2 1/5 = "2.5" 

(2) 9 4/5 = "49" 

b. Description 

(1) The pupil wrote the denominator of the eomnon traction 

in the decimal place. 

(2) The pupil multiplied the whole number by the denominator 

and added the numerator, then put the resul.t in the 

decimal plae e. 

3. EXtra zero in answer 

a. Illustration 

½ : "•50" 

b. Desoription.--Unless instructed otherwise, all decimals 

should be reduced to lowest terms . 

4. Misplacing zero 1:n answer 

a. Illustration 

85 27/1000 • "85.270" 

b. Description.--The pupil has the necessary three places tor 

thousandths. but he failed to place the zero 

in the proper place. 



v. Difticulties in writing decimals as colllll0n traction. 

A. Instructions.--Change the decimals below to traction form. 

Reduce tractions to lowest terms wherever possible. 

1. Inability to reduce tractions to lowest terms. 

a. Illustration 

(1) 3 . 5 = "3 5/10" 

(~) 8 . 25 : "8 25/100" 

(3) 2.375 : "2 376/1000" 

b. Deecription.-These errors might have been listed under 

"Failure to follow directions". 

2. Inability to write decimals as colllDOn tractions. 

a . Illustration 

(1 ) 8.25 = "8/25" 

(2) . 6 : "l/6" 

(i) 3.5 : "l/2" 

b. Description 

(1) The whole number was used as the numerawr and the 

decimal was used as the denominator. 

(2) Here again the decimal was used as the denominator ot 

the coI11DOn tractions, then one was annexed tor the 

numerat or. 

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

the mixed decimal as a mixed number. 
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VI . Lack ot tundamental knowledge 

A. Illustr ation.--Write on each line below a number which will make 

each statement true . 

1 •• 4 is one- tenth o~ ~ · 

2 . 8 is ten times as large as !!:_. 

3 . 24 is a hundred times as large as "l". 

4 . 84 multiplied by 1000 equals "48. 000"• 

5 • • 67 is 1/100 ot "!Q2.Q." • 

B. Description.--The pupil evidently did not unders tand the problems 

and wrote any number in the blanks. 

VII. Other dirtioul.ties 

A. Carelessness in reading 

1. Illustration. - - Write each of the numbers in decimal torm. 

Twenty- two hundredths • ";32" 
2 . Deseription.--A careful p pil would not have written . 32 tor 

. 22 . 

B. Not writing out completely 

1 . Illustration . - - Change the fracti ons and mixed numbers t.o 

dee ima.l form. 

31 214/1000 = 31. 2 

2. Description.--This was the l ast problem attempted, so evidently 

time was called on the test before the problem 

was completed. 
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c. Failure to tollow direction 

1. Illustration.--Change the tractions and mixed numbers below 

to decimal torm. Carry to three decime.l places 

it necessary. 

2 1/3 : 2.33 1/3 

2. Description.--The instruction was to carry to three decime.l 

places it necessary. This pupil carried his 

answer to two places. 

DESCRIPTION OF ADDITION DIFFIC ut.TIES 

I. Difficulties basic to addition. 

A. Error in number combination 

1. Illustration.--Add 

a. 4.72 

8.34 

9.68 

4.28 

"27 .01" 

2. Description.-

b. 

a. The correct answer is 27.02. 

.7254 

.3219 

.4380 

.0475 

"l.4326" 

b. The correct answer is 1.5326. There may have been a carrying 

dU':f'icul ty. 

II. Ditfioulties peculiar to decimal situations. 

A. Error in placing decimal point. 

1. Illustration.-Add 



.7254 

.3219 

.4380 

.0473 

".15326" 

33 

2. Description.--Evidently the pupil thought . there could be no 

whole number in the answer, since there were 

no whole numbers in the addends. 

B. Misplacing the whole number 

1. Illustration.--Copy correctly and add these numbers: 

34.5 + .09 + 627 + 3.014. 

3.014 

"38.231" 

2. Description.--'l'he whole number was misplaced. 

c. Omission ot decimal point 

1. Illustration.--Add. 

4.27 

34.6 

93.02 

647.1 

"77899" 

2. Description.--The figures in the answer are correct. The 

pupil omitted the decimal point. 



Ill. Other difficulties 

A. Incomplete 

1. Illustration.--Add • 

• 9 

2.0 

6 .3 

18.05 

25 

,,l"S 

2. Description.--Evidently tiDB was called on the test before 

the problem was completed. 

B. Miscopied 

l. Illustration.-Copy correctly and add these numbers: 

4 . 27 34. 6 + 93.02 + 647.l. 

"4.72 

34.& 

93 .02 

647.l 

"779 .44" 

2. Deseription 

The number !!!?_ was copied 4: . 72. 

DESCRIPl'ION OF SUBrRACTION DIFFICULTIES 

I. Difficulties basic to any subtraction 

A. Carrying Di:1":f'icul ties. 

1. lllustration.-Subtract. 



.00040 

.00019 

".00031" 

35 

2. Description.--'i'his pupil subtracted 9 trom 10 eoITeetly but 

did not carry one to the one in the -subtrahend. 

B. Weaknesses in subtraction tacts . 

1. Illustration.--subtract , 

9.346 

4.132 

"5.213" 

2. Description.--Evidently the multiplication tacts were confused 

with the subtraction tacts in subtracting 2 from 

6 . 

o. zero difficulties 

1 . lllustration.--subtract. 

a •• 00040 

.00019 

".00030 

2. Description. 

b •• 00040 

. 00019 

".00039" 

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 correctly and subtract these numbers: 

36 .724 - 36.0724. 



36.0724 

36.724 

".3484" 

36 

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 

1. Illustration.--Copy correctly and subtract 921 . 008 - 911.25 

921 .008 

911.25 

"8292.83" 

2. Description.--Regardless of the decimal point, the numbers 

were placed for subtraction as whole numbers . 

B. Decimal point omitted 

1. Illustration.-SUbtract. 

72.443 

51.002 

"21 441" 

2. Description.-The pupil subtracted correctly but carelessly 

omitted the decimal point in the answer. 

c. Misplacing decimal point 

1. Illustration.-Subtraet. 

9219.30 

213.14 

"90.0616" 



2. Descriptian.-Evidently the pupil followed the rule tor placing 

the decimal point tor multiplication rather than 

subtraction. 

III. Other difficulties. 

A. Failure to follow direction. 

1. lllustration.-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 

"8!' 

2. Description.-Time was called betore the pupil had time to 

complete the problem. 

c. Miscopied. 

1. llluatration.-Find the difference between six and three 

hundredths and tolll' a:td two tenths. 

"6.300" 

"4.210" 

"2.090" 

2. Description.-The pupil copied .300 tor~ and 210 tor.2. 



DESCRIPTION OF MULTIPLICATION DIFFICULTIES 

I. Ditticulties basic to any multiplication. 

A. Errors in multiplication tacts. 

1. Illustration •• :Multiply. 

654 

5886 

"5024" 

"56126" 

2. Description.- Thi s pupil multiplied by nine correctly but 

made errors in multiplying by eight . 

B. Errors in addition o-r partial produc t s 

1 . Illustration.- Multiply 

.9182 

.2104 

36728 

9182 

18364 

... 19418928" 

38 

2. Description •• The error in addition was made i n adding the 

column o-r two numbers, 9 and 3. Wi th the one 

carried, the sum ot' this column is 13 rather 

than 14. 

c. Zero di-fficulties. 

1. Illustration •• Multiply. 
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a . 760 . l b. .9182 

30. 5 .2104 

'"3805" 36728 

"2283" 9182 

"2321.05" 18364 

"·01994948 

c • • 046 XO• ".046" 

2. Description.-

a. The zero was handled correctly in the multiplier but not 

in the multiplicand. 

b. The zero was not handled correctly in the multiplier. 

o. The zero was given the value ot one in the multiplication. 

II. Difficulti es peculiar to decimal situations. 

A. Misplacing decimal point . 

1. Illustration.- Multiply 

450 . 3 

.2653 

13509 

22515 

27018 

9006 

"ll946. 459" 

2. Description.- To locate the decimal point in the product, tive 

places were counted tram left rather than from 

the right . 



B. Omitting decimal point 

1 . Illustration. - Multiply • 

• 273 

. 194 

1092 

2457 

273 

52962 

2. Description.- The decimal point was omitted in the product . 

c. Failure to prefix a zero . 

1. Illustration.- Multiply • 

• 983 

.041 

983 

3932 

" . 40303" 

2. Description.- Six decimal places were needed in the product . 

This pupil failed to prefix a zero :tor the sixth 

place. 

D. Failure to annex a zer o. 

l . Illustration.- "1.ltiply. 

3 . 2 X 100 : "32" 

2. Description.- The deciJ1Bl was moved only one place to the right 

rather then two places in multiplying by 100. 



E. Prefixing unnecessary zeros . 

1 . Illustration.- Multiply • 

• 04 X 100 : ".0004" 

41 

2. Description.- The decimal was moved two places to the left 

rather than two places to the right in multiplying 

by 100. 

F. Annexing unnecessary zeros. 

1. 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 ditt1cult1es. 

A. Incomplete 

l. Illustration.- Multiply . 

450.3 

.2653 

13509 

15 

2. Description.- Evidently tine was called on the test before 

completion of the problan. 

B. Misoopied. 

l. Illustration.- The figures below are correct as printed. But 

there ere mistakes in ple.eing the decimal point . 

Cross out the given answers am write the correct 

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 DITISION DIFFICULTIES 

I . Ditfieul ties basic to any divi slon. 

A. Errors in division. 

1 . Illustration.- Divide 

"9" 
341 7307 . 63 

"3069" 

"2366" 

2. Description.- Atter errors in division and subtraction the 

pupil became discouraged and qui t. He attempted 

the next eight problems and nade errors in six 

ot them. 

B. Ditf'icuUy with trial diTisor . 

1 . Illustration.- Divide . 
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"316160" "31356" 
a. .17 5399.20 b . 75.4 219736.0 

51 "2202" 

29 "995" 

17 7M 

129 2613 

"102" 2202 

"27" 4116 

.:!!:.... 3670 

102 4460 

102 4404 

56 

2. Description.-

a. The correct answer is 31760. 

b. The QOrrect answer is 2993.678- or credit is given if carried 

to one decimal place or moN. 

c. Number omitted in quotient. 

1. Illustration.- Divide. 

.06 4.590 

4 2 

39 

36 

30 

30 
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2. Description.- The work is correct. The pupil omitted 6 from 

the correct quotient 78.5. 

D. Error in multiplication. 

l. Illustration.- Divide. 

"32.4" 
6.7) 217.08 

201 

160 

134 

268 

"267" 

1 

2. Description.- .An error was ma.de in llllltiplying !. by !• 
E. Error in subtraction 

l. Illustration.- Divide • 

• 0212 
8.9) .18779 

178 

97 

89 

178 

11 

2. Description.- An error was made in subtracting from 97. 

II. Difficulties peculiar to decimal situations. 

A. Decimal point misplaced. 
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1. Illustration •• Divide . 

" . 324" 
217 . 08 

2. Description,- The decimal point in the dividend was moved to 

the left rather than to the right to locate the 

decimal point in the quotient~ 

B. Decimal point omitted. 

1. Illustration. - Divide. 

"1136" 
205) 2328. 80 

2. Description. - 'l'he decimal point in the quotient was omitted. 

The correct answer is U . 36 

c. Using deei:ma.l point when wmecessary. 

1 . Illustration •• Divide. 

"2 . 21" 
1 .74) 384.54 

2. Description.- The correct answer is~· 

D. Failure to prefix zero in quotient. 

1 . Illustration 

"211" 
a.a .18779 

2. Description.- The figures are correct in the quotient. but the 

pupil tailed to place a zero between the decimal 

point and two. The correct answer is . 0211. 

E. Failure to add zero to the dividend. 

1 , Illustration. - Divide . 

"332" 
,316) 104912 
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2. Descriptian •• The pupil did not move the decimal point three 

places to the right in the dividend. The correct 

answer is 332000. 

F. Failtn"e to add zero to quotient. 

1. Illustration.- Divide. 

1.74) 70.122 

69 6 

522 

Description.- The correct answer is~· 

G. Annexing wmecessary zeros in the quotient. 

1 . Illustration. - Divide. 

"21400" 
45.2) 96728 

2. Description. - The decimal point was mved two places to the 

right in the dividend instead of one place to 

locate the decimal point in the quotient. The 

correct answer is !!!2.• 
H. Prefixing unnecessary zeros. 

1 . Illustration.- Divide. 

".0221" 
1.74) 384. 54 

2. Description.- The correct answer is !&• 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. 

l . Illustration •• The figures in the quotients below are correct, 

but they are not pointed ott correctly. Cross 

out all wrong qu:>tients and write the correct 

ones above the incorrect ones . 

".0214" 
214 

45.2) 96728 

2. Description.- The zero an.d decimal were both misplaced. The 

correct answer is~· 

III . Other difficulties. 

A. Failtn"e to f'ollow directions . 

l. Illustration •• Divide. 

38 100: ff3800fl 

2. Description.- The pupil multiplied by one hundred instead ot 

dividing by one hundred. The correct answer is 

. 38. 

B. Miscopied. 

1. illustration.- Divide. 

478 + 10: "46.7" 

2. Description.- The 6 and 7 were reversed in the quotient. The 

correct answer is 47 . 6. --·-



The diagnostic tests showed not only the level ot ability of the 

pupils in the various operations in decimals rut pointed out weaknesses 

so that the school work was organized in such a way as to g1 ve sane time 

to those who wer e below the standard and omit deadening drill tor those 

who were above. Various factors affect a pupil's performance on the 

tests, such as speed ot writing, the amunt of e:rtort put forth , the 

understanding of the directions , the degree of interest, and the pupil's 

state ot health. The degree ot accuracy was considered also, for a 

pupil's rate ot work and his aceuracy could not be considered separately. 

The pupil's mtho d ot work was another important element considered, 

tor a pupil may have ma.de a satisfactory score on the tests but at the 

same time be working considerably below his possible maximum level of 

achievement because of faulty habits or work . Through observation such 

faults as counting, lack ot neatness in writing out the work, careless-

ness in ~opying numbers, or reading directions, dawdling and inattention 

were discovered. Efficient methods of work were substituted tor these 

faults as nearly as possible . 

A knowledge ot the types ot errors made in the tests was necessary 

to provide adequate remedial drill. The wealm.esses in knowledge ot the 

number racts in whole numbers resulted in inaccurate work in the 

application of these tacts to deciml situations. The tirst remedial. 

work was done in whole numbers . 

Individual sets of number cards were used to study the one hundred 

addition combinations. On one side ot the card the addition combine. tion 

was printed thus , 9 
7 

and on the reverse side , 9 , Each pupil played a 
7 
is 
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game, "DunlrJy", w1 th the cards. The pupil thought the answer, then 

looked on the reverse side to see if the "thought of" answer was 

correct. It correct, the card belonged to him, and if an error was 

made, the card belonged to "Dummy". The object ot the game was t.o 

beat "Dwllny", and to beat"~" the pupil must think every answer 

correctly. At the close ot the game "l>Umm;y''s" cards were studied, 

and the game was repeated. After a pupil was able to beat "Dummy", 

he recited the cards to one ot the better students. Speed was not 

stressed during the game. 

However, the tact that 4285 problems were not attempt ed, and 

112 were ineomplete showed a need tor speed. Accuracy with rapidity 

is the aim of number drills. Indivi dlial di tferences in the needs of 

pupils and in thei:r rates of learning were taken into consideration 

in the speed and accuracy drills. In most classes ot pupils the 

ditterences in number ability is t hree to one. It 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 s,l0W-motored pupil may become a 

one and a halt minute one, and the quicker pupil may become a one-

half minute one. Drill tests should give proper credit to the slower 

as well as to the taster pupil as they grow more proticient. 

To measure rapidity a trial test was given. A time chart was 

placed on the blackboard. The shortest time we.a written tirst, and 

quarter minute intervals were listed until the slowest pupil had 
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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 time interval remaining on the board, put their peneils 

down and sat quietly until the test was f'ini shed. By this method the 

bright pupils received credit to the limit of their ability unhampa-ed 

by the slower pupils, and the slower pupils workeq up to their capacity, 

and were not discouraged in a vain attempt to go beyond their pro-

ficiency. 

In order .to teach ari tbmetic successfully there must be many drills. 

The next drills applied the combinations to the higher decades, for in 

column addition nearly all the sums required are secured by applyiDg 

the simple combinations to the higher decade. The :following drill was 

used: 16 l 
14 2 
18 3 
17 4 
12 and 5 
10 6 
13 7 
1.1 8 
15 g 
19 

.A;t'ter the pupil added each single number in the right column to each 

ot the numbers in the column at the left, the tens figure ot the left 

column was changed te other numbers. This gave much drill in addition 

in higher decades. 

To strengthen the. attention span in column addition o~ those who 

had diffioul ty in holding a sum in mind as the attention was returned 

to adding, practice was given in adding a "thought ot" number with a 

seen number. The pupils kept in mind a number, such as M, arui added 
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it to numbers from the board. Occasionally the ntbought~otn number 

was changed. . 

In the subtraction review, number cards similar to those described. 

in addition were used. The same plan was used in the review ot the one 

hundred subtraction tacts as was used in the review of the one hundred 

addition tacts. 

For a rapid oral drill in the one hundred subtrae·tion tacts the 

following table was used. 

0 2 4 l 5 7 6 0 3 9 8 
1 5 9 2 6 1 3 8 4 10 7 
2 6 7 3 10 9 4 2 ll 5 8 
3 9 3 12 7 3 11 4 5 10 6 
4 13 7 11 9 12 5 10 4 6 8 
5 6 10 8 12 5 11 14 g 13 7 
6 8 11 9 14 12 15 e 13 7 10 
7 12 15 14 '1 ll 9 16 8 13 10 
8 16 9 13 17 10 15 11 14 12 8 
9 13 10 16 9 14 17 15 11 18 12 

The numbers in the lett column are the subtrahends. 

In the oral drill a pupil was required to give the differences. 

subtracting Q_ :from each number in the tirst horimntal row, ! from 

each number in the second horizontal row, ! trom 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 which the number in 

the minuend was less than the mnnber in the subtrahend, and the 

carrying process was in~lved, such as: 



75 
2'1 

43 
9 

623 
382 

362 
198 

50 ' 
44, 

600 
107 

Carrying in the unit's place. 

subtraction by endings - a blank spaoe. 

carrying in the ten's place. 

Carrying in unit's and ten's place. 
( carrying to a i in the subtrahend.) 

zero difficulty in subtraction. 
(! trom !Q, end! trom ~-) 

Carrying to a zero in subtrahend. 

In the multiplication review, number cards similar to those 

52 

described in addition were used. The 88.llE plan tor the review ot the 

one hundred multiplication tacts was used as in addition and sub-

traction. To give accuracy in the multiplication or examples similar 

to 649 which involves 9 X 9 , 9 X 4 + 7, and 9 X 6 + 3, the following 
X g 

dr 111 was used: 6 
3 l 
7 2 
g 3 
2 4 

9 X l and 5 
5 6 
0 '1 
8 8 
4 

The pupil began with 9 X 6 and 1, 9 X 3 and 1, 9 X 7 and 1, etc., until 

he finished the column. He then began with 9 X 6 and 2, 9 X 3 and 2, 

9 x '1 and 2, etc. The digit in the multiplier 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 Dllltiplier or multiplicand. Zeros in the multiplicand involved 

the following types ot drill: 

80 
3 zero at 'ithe end. 

402 
zero in middle - no carrying. 

408 
zero in middle - carrying. 

200 
3 double zero at the end. 

400'1 
__ 3_ double zero in the middle. 

4070 
__! alternate zeros. 

zeros in the Dill tiplier involved the following type of drill. 

368 
40 zero at end of two place multiplier. 

368 
540 zero at end ot three place mul.tiplier. 

368 
504 zero in middle of multiplier. 

380 
540 zero at end of both the multiplier and multiplic and. 

308 
540 zero at end of mlll.tiplier and in middle of multiplier. 

308 
504 zero in middl.e of both multiplier and multiplicand. 

5891 
two zeros at end ot multiplier . 

5891 
5004 two zeros in multiplier. 
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In the division rev1.ew, much drill was given on the division facts, 

especially those having remainders. The following drill was used in 

overcoming inaccurate work: 

l 4 16 20 36 42 53 66 72 83 91 
2 l 14 23 38 46 50 68 · 76 87 95 
3 9 10 26 32 48 56 62 78 89 97 
4 2 18 28 35 43 58 65 73 84 92 
5 7 19 25 31 49 55 61 79 80 98 
6 2 13 22 33 40 52 63 70 81 99 
7 8 1'7 27 39 45 57 69 75 86 94 
8 5 11 29 37 47 59 67 77 88 96 
g (5 15 21 30 41 51 60 71 82 90 

0 12 24 34 44 54 64 74 85 93 

The numbers in the left column are the divisors. The numbers in the 

first vertical column were divided by one, t he numbers in the second 

vertical column by two, and the third by three, etc. The numbers 

are so arranged that all the division tacts about one are in the 

first column, all the division tacts about two are in the first two 

columns, about three are in the first three columns, etc. Af'ter DDJ.ch 

drill was given on the division tacts drill was given in shcrt 

division similar to the following: 

2 )315 EVen division - two place quotient. 

2 } 368 EVen division - three place quotient. 

2 } 408 Even division - zero in middl.e of' quotient. 

2 } 480 Even division - zero at end ot quotient. 

2 168 Initial trial dividend two figures. 

2 418 zero dif'ficul ty - carrying. 



2 439 

2 419 

Carrying - remainder at end o t example. 

Carrying - zero - remainder. 

The types ot long division in which D11ch drill was given were: 

31 
36 lll6 

62 
28 1936 

203 
75 } 15225 

3004 
55 165220 

360 
84 30240 

3050 
23) 70150 

4800 
36 ) 172800 

There are both carrying in the multiplication and borrowing 
in the subtraction. The trial divisor is the true divisor. 

The trial divisor is not the true divisor. 

Zero is _ involved in quotient. 

Two zeros in quotient . 

Zero at end ot quotient. 

Alternate zeros in quotient. 

Two zeros at end ot quotient . 

Drill was also given in division problEID.8 involving remainders. 

In the reading and writing ot whole mmbers, the place value ot 

each number to the billion group was studied. Attention was called 

to the tact that ten units in an order make one in the next higher 

order. A figure in any order expresses l/10 ot what it would express 

in the next higher order . 

Drills of the tallowing type were used to stress the place value 

ot numbers . 



Give the value of 2. in each of the following numbers: 

987654321 
876543219 
654321987 
765432198 
432198765 
198765432 
321987654 
543219876 
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The place value ot eaoh 0t the other figures in the numbers were then 

given. 

After the difficulties in reading and writing of whole numbers 

were overeome, the place value of decimals was reviewed. Attent i on 

was called to the fact that although the decimal point separat es the 

whole number ant the fractional part, the names of the plEees go both 

ways from the unit's figure and not from the point. Thus, trom 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 the right is hundredths. 

When the underlying principle o~ expressing decimal s was under-

stood, that a decimal is a :traction whose denomina~or is a power ot ten, 

in which the denominator is not written but is expressed by the position 

of the nUIDBrator, the reading and writing ot decimals became a simple 

matter. In reading and writing of decimals the following rule was 

observed, "To read a decimal read the numerator of the decilJl:ll as though 

it were an integer and then express its denominator which is 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 decima.l 

point as maey places to the left as is necessary to express the denominator." 
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The similarity in reading end writing of whole numbers and 

decimals was emphasized by the reading end writing or many numbers, 

such as: 

. 8345 

8345 

eight thousand three hundred forty-five ten thousandths . 

eight thousand three hundred forty-five. 

The importance of' correct spelling and pronunciation was shown 

by such examples as: 

.os eight hundredths 

800 eight hundred 

A drill similar to that used in studying the place value o~ whole 

numbers was used in studying the place value of' the f'igm-e in a 

decimal. Numbers like the following were placed on the board: 

6000 . 000 

0000 . 600 

0006 . 00 

0500 . 000 

0000 . 006 

0000 . 060 

0060 . 000 

After t he values of' the numbers were given they were arranged in the 

order o:r t heir value. 
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Drill was given in selecting the 1 arger number in pairs ot numbers 

such as: 47891 4789.9 

o.al4 .8014 

6.59 6.6 

.83 .sos 
15.00 1.599 

3.05 3.50 

437 1.437 

Drill was given in writing decimals f'rom words and vice versa. 

The decimal order beyond the sixth place was not emphasized. Most ot 

the emphasis was placed upon the first three oJ:'ders. 

Attention was directed to a:ootb.er method ot reading decimals, 

thus 73.264 may be read seven-three-point-two.six-tour. 

Drills were glven in changing conmon tractions to decimal fractions, 

and viee versa. The reduction ot the common fraction to lowest terms 

was stressed. Fl.ash cards similar to those used in addition, subtraction, 

and multiplication were used to memorize the decimal equivalent ot the 

following important fractions:½, 1/3, 2/3, ¼, ¾, 1/5, 2/5, 3/5, 4/5, 

1/6, 5/6, 1/8, 3/8, 5/8, 7/8, 1/10, 3/10, 7/10 1 and 9/10. On one side 

0£ the card the traction was given, and on the reverse side the decimal 

equivalent was given. The game ot "Dum!D;y" as described in addition was 

played. Each pupil was responsible tor st\ldying those equivalents that 

he did not know. The two forms or the tractions were thought ot as two 

languages, the conmon fraction language and the deciml traction 

language. and an arithmetic pupil must know both languages. Much drill 



was given in completing charts similar to: 

common traction 

2 1/5 

5 7/8 

4 5/6 

decimal traction 

3.33 1/3 

8 . 3 
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In the review of the addition and subtraction ot decimals, not 

only the need tor keeping decimal points directly under each other 

in its operation was stressed, but also the need for neat f i gures 

and straight columns. In irregular columns the pupils wer permitted 

to till the blank places with zeros, thus making each dec:imal have 

the same denominator. The importance ot placing the decimal point 

in the answer was also emphasized. 

To give a better understanding of the rule for placing the 

dee imal point in the product in the review ot multiplication ot 

decimals, a number ot problem were worked twice using two methOGts, 

thl:lS: 

{l) 

6.7 X .84 

(2) 

6.7 X .84 

6 7/10 X 84/100 

6.7 
.84 

536 
5.528 

67 /10 x 84/100 = 5528/1000 = 5 528/1000 or .5 • .528 
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To acquire :facility in the application ot 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 multiplying by 10, 100, and 1000: 

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

to the right as there are zeros in the multiplier." 

In multiplying by .1, .01, or .001, application was made ot the 

:following rule: "to multiply by .1, . 01, or . 001 , move the decimal 

point as many places to the lett as there are decimal places in the 

multiplier." 

In the review ot the division of decimals, the problems were 

taken in the following order: (1) problems with decimal point in the 

dividend only: (2) decimal poin in dividend and divisor: (3) decimal 

point in divisor only. Special attention was given to zero difficulties. 

To acquire :facility in 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 l97e<)4 

5489 
3 6 1976.04 

5489 
36 19760.4 

5489 
36 19 . 7604 

5489 
36 ) 1 . 97604 

5489 
36 ) . 197604 

( 2) 
5489 

5489 
3 . 6 19760.4 

5489 
. 036) 19760. 4 

5489 
. 36 197 . 604 

5489 
. 036 1976. 04 

5489 
• 36 ) 19760 . 4 

5489 

5489 
3 . 6 ) 197. 604 

(3) 

5489 
3.6 197604 

5489 
. 36 ) 197604 

5489 
. 036) 197604 
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The tollowing rules were applied to many problems: (1) To 

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

the lett as there are zeros in the divisor. (2) To divide by . 1, 

. 01 , or . 001 , move the decimal point as mny places to the right as 

there are decimal plaoes in the divisor. A better understanding ot 

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

method. 

To add variety and interest to the drill work i nvolved in the 

addition, subtraction, multiplication, and division facts, the metron-

o- scope was used a number ot times . It furnished a mechanical 

adaptation of the flash card. The number tacts were exposed at regular 

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

spee,d . and to repeat any tact represented by the drill . 

At no time dm-ing this experiment were ahil dren required to 

remain after school hours t or extra help . Remaining after school was 
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considered a privilege ot which a few took advantage whenever they 

thought extra help was necessary. However, once a week school was 

dismissed one hour early tor those pupils who were doing satisfactory 

work and six to eight pupils were required to remain tor special help. 

Mich individual diagnosis was done during this period and many ditfi-

culties were removed. Pupils were required to work problems aloud. 

Many round-about methods were discovered in addition, and more time 

was given to the addition drills already described. (see addition) . 

Several pupils were contused in subtraction. Borrowing and additive 

methods ot subtraction were used within the same problem. These 

pupils were required to select one mathod and to use it entirely. In 

the multiplication and division by 10, 100 , and 1000, one pupil was 

able to state the rules but his dif':fieul ty was in knowing right :t'rom 

left. Practice was given in pointing to tbs left and right, raising 

the left and right hands , and se ecting the left and right pages of' 

his book. During the helping period the addition, subtraction, 

multiplication, and division tacts were made more mechanical for a 

number of' pupils. Others were given more drill work to remove the 

zero difficulties involved in the tundamentals. With such a few in 

the class much remedial was accomplished by these pupils who need 

more individual instruction than can be given in a larger group. 

Practice and then more practice in each ot the fundamental 

operations in decimals with every possible relation and combination 

of' numbers was continued daily tor about three months . Then about 
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fifteen minutes ot intensive drill was given daily tor another three 

months in order to retain the skills developed and to secm-e the 

desired results ot greater accuracy with increased speed. 
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CHAPTER IV 

THE RESULTS 

On March 23 and 24, 1938, the Compass Diagnostic Test in 

.Arithmetic: Test IX, Form A, Addition, SUbtraetion, and M.iltiplica-

tion ot decimals; and Test X, Form A, Division ot Decillllls were giwn 

again to determine the improvement mde as a result or the remedial 

program in decimals. Originally it was planned to give Fol"lllS B ot 

the tests, but they were not available trom the publishers . so in 

order to give a more accurate result or the achievement ot the pupils 

in the remedial program, the Brueckner Diagnostic Test was given 

March 25, 1938. 

For the Compass Diagnostic Tests: IX and X, the age and grade 

equivalents of each pupil were found and the improvements were noted. 

There were no norms provided for the Brueckner Dia.gnostic Test, so 

the errors were noted and a comparison made in the percentage of 

errors in each part of the test with those or the Compass Diagnostic 

Tests: IX and x. 



Table XV 

Score 

192 
191 
190 
189 
188 
18'1 
186 
185 
184 
183 
182 
181 
180 
179 
178 
171 
176 
175 
174 
173 
172 
171 
170 
169 
168 
167 
166 

Compass Diagnostic Test: Test rr, Form A 

Addition, subtraction, and Multiplication 

of Decimals (:March 23, 1938) 

No. ot Pupils Score No. of Pupils 

45 165 1 
24 164 0 
'l 165 0 
6 162 0 
3 161. l 

11 160 2 
3 159 l 
'l 158 0 
3 157 l 
4 156 0 
3 155 1 
3 154 0 
6 153 0 
1 152 0 
4 151 0 
2 150 0 
1 149 l 
1 148 0 
5 147 0 
0 146 0 
0 145 l 
0 144 0 
3 143 1 
0 142 0 
1 141 l 
0 Total 
1 

65 

The scores ranged trom 141 to 192 with a possible score ot 192. 

The median score was 189.75. 



Table XVI .Age Equivalents as Found by the Compass 

Diagnostic Test: Test n:, Form A, Add_ition, 

subtraction, and Multiplication ot Decimals 

(Mareh 23, 1938) 

Years - Months No. of Pupils 

14 - 6 149 

14 - 3 1 

14 - 0 1 

13 -. g 0 

13 - 6 l 

13 - 3 2 

13 - 0 1 

Total 15'5 

66 

The age equiTalents as shown by the norms given tor the Compass 

Diagnar:tic Test: Text IX, Form A, Addition, subtraction, and 

MU.ltiplication ot Decimals, ranged from thirteen years to fourteen 

years six months. With the exception of six pupils, the class had 

an age equivalent ot fourteen years six months. 



Table XVII Grade Equivalents as Shown by the Compass 

Diagnostic Test: Test IX, Form A, Addition, 

subtraction, and tlll.tiplicat1on ot Decimals 

(March 23, 1938) 

Grade 

HS 

LS 

H 7 

Total 

No . of Pupils 

151. 

l 

__ 3_ 

155 

67 

The grade equivalents as shown by the norms given 'tor the Compass 

Diagnostic Test: Test IX, Form A, Addition, subtraction, and Multiplica-

tion ot Decimals, ranged :f'rom hi h seventh grade to high eighth grade. 

With the exception ot four pupils the class had a grade equivalent ot 

high eighth gracle. 



Table XVIII 

soore 

138 
137 
136 
135 
134 
133 
132 
131 
130 
129 
128 
12'1 
126 
125 
124 
123 
122 
121 
120 
119 
118 
117 
116 
115 
114 
113 
112 
111 
110 
109 

Compass Diagnostic Test: Test x. Form A 

Division of Decimal (March 24, 1938) 

No . of Pupils Score No. of Pupils 

14 87 0 
3 86 2 
1 85 1 
2 84 2 
1 83 0 

11 ea 0 
2 81 0 
5 80 0 
1 79 0 
1 78 0 
8 77 2 
7 76 0 
1 75 1 
1 74 0 
3 73 1 
4 72 2 
7 71 0 
8 70 1 
4 69 0 
4 68 0 
2 67 l 
2 66 l 
1 65 l 
6 64 0 
6 e3 0 
a 62 0 
1 61 0 
3 60 0 
1 59 0 
1 58 0 c:.., n 

r 

00 



Table XIX Age Equivalents as Show:n by the Compass 

Diagnostic Test: Test X, Form A, Division 

of Decimls (Mareh 24, 1938) 

Years - Months 

14 - 6 
14 - 3 
14 - O 
13 - 9 
13 - 6 
13 - 3 
13 - 0 
12 - 9 
12 - 6 
12 - 3 
12 - 0 
11 - 9 
11 - 6 

Below 11 - 6 
Total 

No. ot Pupils 

145 
1 
2 
l 
1 
2 
0 
0 
0 
0 
0 
0 
0 
3 

155 

69 

The age equivalents as shown by the norms given tor the Compass 

Diagnostic Test: Test X, Form A, Division of Deciiml.s, ranged trom 

below eleven years six months to fourteen years six months. With 

the exception of ten pupils, the class had an age equivalent of 

fourteen years six months . 



Table :XX Grade Equi val.en t s as Shown by t he Compass 

Di agnostic Test: Test X, Form A, Divis i on 

ot Decumals (March 24, 1938) 

Grade No. ot Pupils 

HS 149 

LS 1 

H7 2 

L 7 0 

H 6 0 

Below H 6 3 

Total 155 

The grade equivalents as shown by the nor ms given tor the 

Compass Diagnostic Test: Test X , Form A, Division or Decimals , 

r anged trom below high sixth grade level to high eighth grade 

level . Wi t h t he exception ot six pupils, the elass had en high 

eighth grade l evel . 

70 
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Tab~e XXI Improvements Me.de on the Compass Diagnostic 

Test IX, Form A, Addition, subtraction, and 

Mllltiplication ot Decimals by Pupils Making 

Perteet Scores on Test Given March 23, 1938. 

Improvement No. ot Pupils Improvement No. of Pupils 
91 l 48 3 
90 0 47 1 
89 0 46 0 
88 0 45 0 
87 0 44 0 
86 0 43 1 
85 0 42 0 
84 0 41 0 
83 0 40 1 
82 0 3i 0 
81 0 38 2 
80 0 37 0 
79 0 36 2 
'78 1 35 1 
77 0 34 1 
76 0 33 l 
75 0 32 0 
74 0 31 0 
73 0 30 1 
72 0 29 3 
71 2 28 0 
70 0 27 0 
69 0 26 0 
68 0 25 1 
67 1 24 2 
66 0 23 2 
65 1 22 0 
64 1 21 0 
63 0 20 1 
62 0 19 1 
61 1 18 0 
60 0 17 0 
59 0 16 1 
58 2 15 l 
57 0 14 1 
56 1 13 1 
55 2 12 0 
54 0 11 l 
53 l 10 0 
52 0 9 1 
51 0 Total. 
50 1 
49 0 



Table XXII Improvenents Made on the Compass Diagnostic 

Test IX , Form A, Addition, subtraction, and 

Multiplication of Decimals by Pupils M!king 

Errors on Test Given March 23, 1938. 

Improvement No. of Pupils Improvement No 
134 1 74 
133 0 73 
132 0 72 
131 1 71 
130 0 70 
J.29 0 69 
128 0 68 
127 1 67 
126 0 66 
125 0 65 
124 0 64 
123 1 63 
122 0 62 
121 0 61 
120 0 60 
119 0 59 
118 1 58 
117 0 57 
116 0 56 

72 

of Pupils 
0 
2 
0 
3 
3 
2 
1 
3 
3 
0 
1 
1 
0 
1 
2 
2 
0 
0 
4 

J 



Table XXIII Improve:m!l!nts Made on the Compass Diagnostic 

Te~t X, Form A, Division ot Decimals ~Y 

Pupils Maki ng Perfect Scores on Test Given 

March 241 1938. 

73 

Improvement No. of Pupi1s Improvement No. or Pupils 

86 1 52 0 
85 0 51 0 
84 0 50 0 
83 0 49 0 
82 1 48 0 
81 0 47 0 
80 1 46 0 
79 0 45 2 
78 0 44 0 
77 0 43 0 
76 0 42 1 
75 1 41 0 
74 0 40 1 
73 0 39 0 
72 0 38 0 
71 0 37 0 
70 0 36 0 
69 0 35 1 
68 0 34 0 
67 1 33 0 
66 0 32 1 
65 0 31 0 
64 0 30 0 
63 0 29 0 
62 0 28 0 
61 0 27 2 
60 0 26 0 
59 0 25 0 
58 0 24 0 
57 0 23 0 
56 0 22 1 
55 0 Total -r.r-
54 0 
53 0 



Table XXIV Improvements Made on the Compass Diagnostic 

Test: X, lrorm A, Division of Decimals by 

Pupils Making Errors on Test Gi 'Ven March 24, 

1938. 

Improvement No. of Pupils Improvement No . ot Pupils 
112 
111 
110 
109 
108 
107 
106 
105 
104 
103 
102 
101 
100 

99 
98 
97 
96 
95 
94 
93 
92 
91 
90 
89 
88 
97 · 
86 
85 
84 
83 
82 
81 
80 
79 
78 

Q 

2 
0 
l 
2 
1 
0 
1 
0 
2 
0 
0 
0 
0 
0 
3 
0 
2 
2 
1 
2 
3 
4 
1 
0 
3 
2 
2 
1 
1 
1 
0 
1 
4 
1 
2 

59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 

'0 
0 
1 
5 
2 
1 
3 
1 
3 
3 
0 
2 
4 
1 
0 
1 
2 
], 
1 
4 
2 
2 
0 
2 
0 
3 
1 
0 
0 
0 
1 
0 
2 
0 
1. 

J 
0 



Table XXV Brueckner Diagnostic Teat In Decimals 

(March 25 , 1938) 

Score 

117 
116 
115 
114 
113 
112 
111 
110 
109 
108 
107 
106 
105 
104 
103 
102 
101 
100 

99 
98 
9'1 
96 
95 
94 
93 
92 
91 
90 

Total 

No. o:f' Pupils 

24 
17 
1'1 
22 
14 
16 
15 

5 
3 
3 
4 
l 
2 
1 
1 
0 
0 
4 
1 
0 
0 
3 
0 
l 
0 
0 
0 
l 

1~ 

75 

The scores ranged f'rom 90 to 117 with a possible score o:f' 117. 

The median score was 114. 11. 



Table XXVI Ditticul.ties in Reading. writing and Converting 

Decimals As Shown By the Compass Diagnca,tic 

Test: IX. Form A, Addition, Subtraction, and 

Multiplication of Decimls (March 23, 1g3a) . 

Frequency 

1. Lack of comprehension of the numerical value of 
decimls. 

2. Lack ot Comprehension ot the place value ot 
numbers. 

3. Difficulties in expressing a decimal number 
in words. 

a. Errors in spelling 

b. Omission of essential. words 

c. Inability to write decimal tractions in words 

4. Difficulties in reading and writing decimals 

23 

3 

6 

5 

a. Inability to write decim.l tractions in figures 6 

b. Omission of decimal point 9 

c. Misplacing decimal point 63 

d . Inability to express a common fraction or a 
_., __ .,:a_ -··-,.,.---- -- - ..111 ........ _, 

• · 'T,eT 



Table XXVII Difficulties i n Addition of Decimals As Shown 

By the Compass Diagnostic Test: DC, Form A, 

Addition, subtraction, and Multiplication of 

Deeimals (March 23, 1938) . 

77 

Frequency 

1. Errors in number combination 22 

2 . Difficulties peculiar to decimal situations 

a. Errors in placing deciml point 10 

b. Misplacing t he whole number 3 

c. Omission ot decimal point 8 

3. Other difficulties 

a. Not attempted 0 

b . Incomplete 3 

c. Miseopied 8 

M 

There were 9 problems in this part of the test. The possible 

number of errors was 1395. (Assuming an error by every pupil on each 

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

was 3 .9%. 



Table XXVIII Difficulties in subtraction ot Decimal.a As 

Shown by the Compass Diagnostic Test: IX, Form A. 

Addition. subtraction, and Multiplication ot 

Decimals (March 23, 1938). 

1. Difficulties basic to any subtraction 

a. Carrying difficulties 

b. Errors in subtraction tacts 

o. Zero difficulties 

d. Reversed subtrahend and minuend 

2. Difficulties peculiar to decimal situations 

a. Misplacing decimal number in subtrahend 

b. Decimal point omitted 

c. Misplacing decimal poin 

3. Other difficulties 

a. Not attempted 

b. Failure to follow directions 

c. Incomplete 

d. Miscopied 

'l'Otal 

Frequency 

7 

10 

0 

2 

1 

5 

3 

0 

0 

2 

1 

31 

·,o 

There were 9 problems in this part of the test. Assuming an 

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

tor the entire class was 1395. The percentage of errors to the 

nearest tenth of a per cent was 2.2%. 



Table XXIX Diff iculties in MUltiplication of Decimals 

As Shown by the Compass Diagnostic Test: IX, 

Fonn A, Addition, subtraction, and MUltiplication 

ot Decimals (March 23, 1838) 

Freqlltncy 

l . Difficulties basic to any multiplication 

2. 

3. 

a. Errors in multiplication 

b. Errors in additing partial products 

c . zero difficulties 

Difficulties peculiar to decimal situations 

a . Placement of decimal point 

(1) Misplacing 4eeima.l point 

(2) Omitting decimal point 

b. Placing ot zero 

(1) Failure to prefix zero 

(2) Failure to annex zero 

(3) Prefixing unnecessary zero 

( 4) .Annexing unnecessary zero 

Other diff iculties 

40 

13 

4 

20 

14 

14 

6 

10 

16 

a. Not attempted 4 

b. Incomplete 1 

c. Miseopied 3 

Total 145 

There were 34 problems in this part ot the test. Assmn:lng an error 

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

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

was 2. 7%. 



Table XXX Dif'ticul ties in Division of Decimals as ShOllfll 

by the Compass Diagnostic Test: X, Form A, 

Division ot Decimals (March 24, 1938). 

Frequency 

1. Dif'tioulties basic to any division 

a . Errors in division 

b. Difficulties with trial divisor 

e. Number omitted in quotient 

d. Errors in multiplication 

e. Errors in subtraction 

2. Difficulties peculiar to decimal situations 

a. Placement of' decimal point 

(l) Decimal point misplaced 

(2} Decimal point omitted 

(3) Using decimal point when unnecessary 

b. Placenant of zeros 

(1) Failure to prefix zero in quotient 

(2) Failure to add zero to dividend 

(3) Failure to add zero to quotient 

( 4) .Annexing unnecessary zeros to quotient 

(5) Prefixing unnecessary zeros to quotient 

( 6) Putting zero in wrong place in quotient 

3. Other ditf'ieul ties 

a. Not Attempted 

b. Incomplete 

c. Failure to follow directions 

d. Miscopied 

Total 

292 

57 

16 

51 

25 

86 

101 

45 

68 

48 

51 

44 

20 

12 

120 

20 

100 

5 

1161 



81 

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 l.1315. The percentage of errors and omissions 

to the nearest tenth of a per cent was 19. ~ . 

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 omission,, the percentage to the 

nearest tenth was 5.9%. 



Table XXXI Difficulties in Reading, Writing and Converting 

Decimals As Shown by the Brueckner Diagnostic 

Test in DeciI1E.ls (March 25, 1933) 

82 

Frequency 

1. Lack of comprehension or the numerical values of 
decimals 22 

2. Lack of comprehension of the place value of numbers O 

3. Difficulties in expressing a decimal number in words 

a. Errors in spelling 

b. Omission of essential words 

0 

0 

c. Inability to write decimal tractions in words 4 

4. Difticul ties in reading and writing decimals 

a. Inability to write decimal tractions in figures 15 

b. Omission of decimal point O 

c. Misplacing dee imal point 2 

d. Inability to express a c~m:non fraction or a mixed 
number as a decimal 22 

5. Difficulties in writing decimals as colllD.On tractions 

a. Inability to reduce tractions to lov;est terms 2 

b. Inability to write decimals as common fractions 6 

6. Lack of :f'undamental. knowledge O 

7. Other dif't icul ti ea 

a. Not attempted 

b. Carelessness in reading 

c. Not writing out completely 

d. Failure to follow directions 

Total 

16 

9 

0 

0 

98 
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There were 26 problems on this part of the t est . The possible 

number of errors by the entir.i cla ss 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 DXII Difficulties in Addition of Decimals As Shown 

by the Brueckner Diagnostic Test in Decimals 

(March 25 t 1938) . 

Frequency 

1. Errors i n number combinations 

2 . Difficulti es peculiar to decimal situations 

a . Errors in placing decimal point 

b. Difficulti es in adding conmen fractions and 
decimals 

o. Misplacing the whole number 

d. Omission of decimal poi ~t 

3 . Other difficulties 

25 

2 

14 

0 

5 

a . Not attempted O 

b. Incomplete 1 

o. Miscopied 2 

Total 49 

There were 12 problems on this part of the test . Assuming an 

error on every problem by each pupil t there would be 1800 errors. The 

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



Table XXXIII Ditticulties in subtraction of Decimals As 

Shown by the Brueckner Diagnootic Test in 

Deciimls (March 25, 1933) . 

Frequency 

1. Difficulties basic to any subtraction 

a. Carrying difficulties 

b. Errors in subtraction facts 

o. Zero difficulties 

d. Reversed subtrahend and minuend 

2. Difficulties peculiar to decimal situation 

a. Misplacing decimal number in subtrahend 

b. Decimal point omitted 

o. Misplacing decimal point 

3. Other difficulties 

a. Not attempted 

b. Failure to follow directions 

e. Incomplete 

d. Mi scopied 

Total 

12 

16 

5 

4 

0 

3 

2 

0 

0 

2 

2 

46 

84 

There were 17 problems on this part 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 Mllltiplication ot Deoiml.s As 

Shown by the Brueckner Diagnostic Test in 

Decimals (March 25, 1933) 

1. Ditticulties basic to any multiplication 

a. Errors in multiplication 

b. Errors in adding partial products 

c. zero difficulties 

2. Difficulties peculiar to the decimal point 

a. Placement of the deciml point 

(1) Misplacing decimal point 

(2) Omitting decimal point 

b. Placing of zero 

(1) Failure to prefix zero 

(2) Failure to annex zero 

(3) Prefixing unnecessary zero 

(4) .Annexing unnecessary zero 

3. Other ditficul ti es 

a. Not attempted 

b. Incomplete 

c. Miscopied 

Total 

Frequency 

77 

7 

0 

36 

26 

8 

6 

4 

4 

21. 

1 

0 

190 

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

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

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

3.9%. 



Table XXXV Difficulties in the Division ot Decimals As 

Shown by the Brueckner Diagncstic Test in 

Decimals (March 25, l.9:38) . 

Frequency 

1. Difficulties basic to any diviaion 

2. 

a. Errors in division 

b. Difficulty with trial divisor 

c. Errors in multiplication 

d. Errors in subtraction 

Dif:ticul ties peculiar to decimal situations 

a. 

b. 

Placement ot decimal point 

(1) Decimal point misplaced 

( 2) Decimal point omitted 

(3) Using decimal point when unnecessary 

Placement o:t zeros 

(1) Failure to prefix zero in quotient 

(2) Failure to add zero to dividend 

(3) Failure to add zero to quotient 

(4) Annexing unnecessary zeros to quotient 

(5) Prefixing unnecessary zeros to qu,tient 

( 6) Putting zero in wrong place in quotient 

3. Other difficulties 

a. Not attempted 

b. Incomplete 

e. Miseopied 

Total 

157 

30 

27 

10 

42 

19 

10 

17 

8 

9 

5 

5 

0 

13 

4 

1 

357 

86 
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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 ot a per cent was 

There were l;l. 7 pro·blems 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 ot 

errors to the nearest tenth of a per cent was 4.1%. 

Table XXXVI 

General 

Addition 

subtraction 

Multiplication 

Divisioµ 

TOtal 

A Comparison ot the NUmber of Problems on 

Each Part of the Two Decimal Tests. 

Compass Brueckner 
Diagnostic Diagnostic 
Test Test 

82 26 

g 12 

9 17 

34 32 

73 30 

207 117 

There were 207 problems in the Compass Diagnostic Test and 117 

problems in the Brueckner Diagnostic Teat . 



Table XXXVII 

General 

Addition 

Subtraction 

:Multiplication 

Division 

Total 

A Comparison ot the Number of Errors 

on the Three Teats in Decitmls 

Compass Compass 
Diagnostic Diagnostic 
Test se;et. } Test (March} 

6216 508 

26i 54 

249 31 

172'1 145 

6563 ll~l 

15018 1899 

88 

Brueckner 
Diagnostic 
Test !March} 

98 

49 

46 

190 

357 

740 

Although there were fewer problems in multiplication in the 

Brueckner Test than in the Compass Test, the Brueckner Test contained 

one more type ot multiplication - the multiplication ot a common 

traction by a decimal and vice versa. This accounts tor the greater 

number ot errors in multiplication in the Brueckner Test than in the 

Compass Test. 



Table XXXVIII 

General 

Addition 

subtraction 

MUltiplication 

Division 

A Comparison of the Percentage of Er:l'!ors 

on the Three Tests in Decimls 

Compass Compass Brueckner 
Diagnostic Diagnostic Diagnostic 
Test (sept,) Test (March) Test 

48. 9% 4 . 0% 2,4% 

18.9 3. 9 2.6 

17.8 2 . 2 .1.7 

32 . 8 2 . 7 3.8 

58.0 10. 3 7.7 

The Test as a Whole 46.8 5. 9 4 .1 

89 

In the Compass Diagnostic Test in Decimal.s, the percentage of 

errors was reduced from 46.8% in the firs t test to 5.9% in t he 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 

Score Age Grade 
Equivalent Equivalent 

Compass Diagnostic 
Test IX (Sept. } 130, 25 12 yr. 6,6 m. Low seventh 

Compass Diagnostic 
Test IX (March) 189.75 14 yr. tS mo. High Eighth 

Compass Diagnostic Below Below Hi gh 
Test X (Sept.) 47.75 11 yr . 6 mo. Sixth 

Compass Diagnostic 
Test X (March) 121. 31 14 yr. 6 mo . High Eighth 

Brueckner (March) 114.11 ------------ -----------
The possible number ot points are: Compass Diagnostic Test IX, 

192; Compass Diagnostic Test X, 138; Brueckner Diagnostic Test, ll7, 
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There were no norms provided tor the Brueokner Diagnostic Test in 

decimals. 

In Test DC of the Compass Diagnostic Test in Decimals, the median 

age equivalent was raised from twelve 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 Decimls, the median 

age equivalent in September was too low to classify - below that ot 

eleven years six months. This mdian 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 March this lD:ldian 

was ohanged to high eighth grade. 

Not all of the improvement shown can be attributed to the remedial 

instruction, tor a portion of it was due to the increase in maturity on 

the part of the pupil . 

In the three tests error s were more nunerous and persistent in 

division than in the other operations. This , perhaps is due to the 

many processes involved in division and the large number o~ types of 

examples, even within the range of relatively simple division. 

A few of the persistent errors were due to lack of ability on 

the part or the pupils. In almost all groups of pupils there will be 

found those who are inf'erior in arithmetical ability and can not be 

made proficient in computation. However, of the errors were due 

to carelessness. 

Remedial work can function only when the exact level at which 
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pupil mastery breaks down has been located. In this study, the exact 

nature ot the difficulty was revealed before the remedial program was 

undertaken. Revealing the tacts to the pupils concerning their per-

~ormances on the tests led to their taking an active part in the 

remedial program. 

The interpretation ot the test scores sd the remedial procedures 

were the m:,st important part of this diagnostic testing program. How-

ever, an important purpose ot a diagnostic testing program is the 

location ot weaknesses, and determining their causes as the basis tor 

preventive work. The need for remedial work of any kind implies a 

failure at some po-int in the ini tia1 learning. While it is probable 

that no scheme ot teaching will entirely eliminate remedial work, 

it is to be expected that many ditficul~ies 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 ot all the basic facts 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 tew who needed a complete reteaching ot 

the processes involved~ 

The entire subject ot deciIIBls was thoroughly reviewed and it is 

evident f'rom the reaul ts obtained that systematic and intensive drill 

will eliminate errors and will help to bring a class up to standard. 
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THE HENMON-NELSON TESTS 
OF MENTAL ABILITY- Form A 

Elementary School Examination. For Grades 3-8 
By V. A. C. H enmon , Ph.D. , Head of t he Department of Psychology 

University of Wisconsin, and M. J . Nelson, Ph.D., H ead of the 
Department of Education, Iowa State T eachers College 

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

D IRECTIONS TO THE PUPI L: The three Practice Exercises in the 
next colwnn 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. 

1. What <la,Y comes next after Tuesday? 1 Saturday, 2 Thursday, 
3 Wedqesday, 4 Monday, 5 Sunday . .. ..... . [I] [I] [ll) [I][]] 

] 2. The butcher sells: 1 ~' 2 cedar, 3 pencils, 4 glasses, 5 rye. 
o ~[I]0[I]0 

You are to mark in the square which has the same n 
that tells you what it is boys like to play. Thisi: 
make a mark like this X in the square that contains 
ber of the word "ball " is 1. 
Prac tice Exercise 2. I a m . . .. down town. pa 
1 able, 2 see, 3 country, 4 going, 5 color . . .. 

Mark in the square that you think should be mad 
"going," so you should have marked in the square· 
Practice Exercise 3. Green is the name of a: 1 colctJ 
5 road .. e 
Mark in the square that you think should be mar~ 
marked in the square numbered I. 
If you find that you have made a mistake and marl\ 
do not erase, but simply draw a circle around it anc•! 
square. , 

23. Large means the same as: 1 top, 2 lonr 
_ 5 striking .... . ... ... . .. . .... .. ...... . 

24. Which of the following is the shortest tim : 
3 century, 4 m onth, 5 week .. . . ... ... . 

25. Wliich word does not belong with the oth 
3 green, 4 circle , 5 black .. .... .. . . . . . 7 

j 
3. t ; ~ t ~l_w~~~ -~~s_:_ -~ -~ _c~ ~'~ ;;r~~' 

4. Tiny means: 1 great, 2 old, 3 sorry, 4 safe, 5 s~ all. 26. 
m rn m 0 oo 

Which month comes just before March? 1 

3 May, 4 February, 5 August .......... r 

5. Which one of the numbers below is the smallest? 
!f (I) 3 7, (2) 5639, (3) 92n, (4) 6537, (5) 2743.[J] [I] 0 [I] 0 

6. This .. the coldest day of the year. Which word should be in 
the blank : 1 can, 2 , 3 not, 4 day, 5 may . ... [I] [ti 0 [I][]] 

27. Toe is to foot as finger is to: 1 shoe, 2 c 

5 arm. .... .... . . . . .. .... . ... . , 
28. Which one of these numbers is next to tl' 

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

7. Velvet is a kind of: 1 deed, 2 c h, 3 brush, 4 picture, 29. From the distance came the .. . . of chilcf 
for the blank is: 1 silence, 2 sight, 3 h: 
5 sound. .... . . . . . . . . . . . . .c 

5 leather. . . . . . . . . . . . . . . . . . . . . . . . . . . [I] 00 m [I] [I] 
8. The mother bird was . . . . her young. A word for the blank is:. 

I looking, 2 needy, 3 stupid, 4 careful, 5 fee ing.[Il IT] 0 [I] t{] 30. Which of these words comes last in the 1' 
2 perhaps, 3 after, 4 yes, 5 apron . ... . . J 9. Which one of these numbers is the largest? (1) 42316, 

(2) 17989, (3) 26895, (4) 37897, (5) 55 ,!;5 .. ..• m rn m 0 31. 
) 

The most important difference between a' 
that a watch: 1 runs faster} 2 is smaller 10. Which word does not belong with the others? 1 north, 

2 south, 3 west, 4 night, 5 east . . . ... . ....... [I] [I] 0 0 
11. Joy means the same as : 1 sleep, 2 happiness, 3 sorrow, 4 help, 

gold, 5 costs more . . . .. ... . .. . . ... . .. . 1 
32. Bird is to feathers as fish is to :1 scales, 2E 

5 mouth . . . . . .... . . . ...... ... . . .... . . . 5 noise . . . . ........... .......... . .. .. .... [I] (l] 0 [I] 0 
12. There was no . . of a storm. A word for the l,>lank is: 1 sign, 33· 

;.;:! 2 school, 3 house, 4 after, 5 sea . .......... . . f{J [I] 0 [I] 0 

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

,.... h 34. 13. Which word does not belong wit the others? 1 apple, 2 pear, 
The most important difference between i 
is that a window: 1 is larger, 2 is stronger 
light, 4 isn't necessary, 5 is heavier . . .. 3 screech, 4 peach, 5 plum . .... .. . ..... . .. . . [I] [I] [f] [I] 0 

14. When he awoke he was .. . . to find his dog gone. A word for 35. Which word does not belong with the oi 
spoon, 3 knife, 4 fork, 5 tablespoon . . .. : the blank is: 1 noticed, 2 sincere, 3 portly, 4 before , 5 sur-

prised . ...... . ...... · · · · · · · · · · · · · · · · · · · · · · [I] [I] 0 [I] [!] 36. 
15. Which word does not belong with the others? 1 pen, 2 rock, 

E very nation has an army to: 1 march 1 
ships, 3 protect its people, 4 help on fani 

3 paper, 4 ink, 5 pencil . .. ...... . ...... .... . [I]~ 0 [I] 0 , 
16. At a dinner there is always: 1 a tablecloth, 2 cutlery, 3 com- 37. 

pany, 4 merriment, 5 food . ................. 
1
[.I] [I]~ [I] IT] 

To recover means to: 1 turn, 2 lead, 3 pr 
• l 

17. The high .... were rugged and bare. A word for the blank is: 
1 valleys, 2 seas, 3 mountains, 4 lights, 5 storms. [I] IT] [!) [I] []] 

18. Which word does not belong with the others? 1 Monday, 
2 April, 3 January, 4 May, 5 June . ........ .. 11] [I] 0 [I] 0 

19. Which of these words comes first in the dictionary? 1 apple, 
2 long, 3 winter, 4 snow, 5 peach . . . .... . .... 00 [I] 111 [I] m 

20. A sheet of music always has : 1 rhythm, 2 words, 3 notes, 
4 covers, 5 players . ..................... · · [I] [I] [I] 0 

21. The days are long in summer and .. . . in winter. Which word 
should be in the blank : 1 very, 2 short, 3 long, 4 almost, 

0 5 snow. . . . . . . . . . . . . . . . . ........... [I] 0 m [I] m 
22. Which word does not belong with the others? 1 in, 2 after, 

rn 3 before, 4 into, 5 snow. . . . . . . . · · · · · · [I] [I] 0 [I]~ 

gam •... ... . .. . ..... . .... 
38. Artist is to picture as author is to: 1 brush

1 

ing, 4 book, 5 shop. . . . . . . . . . . . . . . . 
39. If the letters e 1 i c adet were arranged 1 

spell : 1 elucidate, 2 dedicate, 3 elegance, : 

,10. Apple is to tree as currant is to: 1 bush, 2 ' 
5 peach. . .. .. . . . 

1 
41. 8652476394278459328497543 In these r 

4's come just before a 9? 1 one, 2 two, 3 
1 

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

HOUGHTON MIFFLIN COMPANY 
Boston . New York . Chicago · Dallas · Atlanta • San Francisco 
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