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INTRODUCTION
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It is a matter of common agreement among teachers of
arithmetic that the most difficult part of their vzorlc is
the aeouring of satisfactory results in the solution of
problems.

The majority of pupils experience difficulty

in solving problems even after they have gained a com
paratively fair rate of speed and accuracy In the:funda
mentals .

There seems to be a lack of proper methods

or technique for attacking the problems.

Most writers

agree that few children have a technique or method Which
they follow when solving problems.

They do not seem to

•realise that a definite question is asked in each problem
and that sufficient data are given to solve it if the
"\.. %
\
r.
;
' "
known processes are thoughtfully and properly applied.
Teachers of arithmetic, therefore, are coming to
believe that their two most important teaching tasks are
those of Increasing the skill with which their pupils 1
use the fundamentals, and of increasing their knowledge
of when to use them.

■

Haeritter says that the solution of

problems requires somothing more than a knowledge of
skills developed in arithmetic.
"ability to reason."

This something he calls

He says that this ability to reason
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is a vague thing, which teachers of arithmetic have failed
to study carefully and analyze into its component parts.
He defines this reasoning as the organisation of facts
and skills already at hand to arrive at a desired end.1
One might say that the individual reasons best Who has
at his command a large number of facts and skills and who
has used them extensively and successfully in a variety
of situations.

His definition of reasoning may be applied

to the solution of either verbal or non-verbal problems.
Provided the pupil is equipped with the necessary skills
and facts with which to reason and has learned to properly
organise these facts and skills in the light of the sit
uations encountered, he ought to be able to solve the
problems.
Investigation has revealed the fact that exercise in
problem-solving does help to develop ability to solve other
problems.

An examination of the various mental reactions

used in the solution of a number of rather difficult
problems showed that there were judgments, comparisons,
discriminations, recalls, and selection of former prin
ciples and rules, regrouping of facts in some particular
order, and the discarding of non-essential elements to be
Y. Haeritter, L. D. ''An Effective Method of Teaching
Pupils Hoy.
- to Solve Verbal Problems.* Mathematics
Teacher; 24:166-175 (March 1931)
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made.

In fact, all these types of mantel activity may

occur In the solution of a single problem.
Importance of Example-Solving and Problem-Solving
The relative importance of example-solving and
problem-solving is revealed through an examination of the
opinion of numerous authorities, as expressed in textbooks
on arithmetic, textbooks on methods of teaching arithmetic,
and la magazine articles.

If the question were asked,

why study arithmetic, no doubt the majority of responses
would be:

first, for the purpose of gaining a knowledge

of the four fundamental processes, and acquiring speed
and accuracy in their manipulation; and second, for the
purpose of applying this knowledge and skill in the
solution of everyday life problems. Authorities agree
.. '
' :c ■ .. '
that both of these reasons are important, but that the
second is of primary importance, and that the first is
important only in so far as it contributes success to

1 "

the second.
Considered from the standpoint of the great
importance which is placed upon example-solving and
problem-solving, the natural question arises:

What are

these activities and what is the difference between
them?
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Definition of and Distinction between
Examples and Problems
A clear understanding of the meaning of examples
and problems, and the fundamental difference between
them will serve as a very justifiable introduction to the
discussion which is to follow.

Newcomb writes*

"An example Is an arithmetical truth expressed
in figures requiring certain mechanical
manipulations. But a problem Is a situation,
the statement or description of a situation
Which.arouses the effort of an individual
toward tho end of securing a plausible ex
planation or solution.”23
Paul Klappsr defines problems and examples in this way:
"An example is an exercise clothed in words
so that the task seems more social and becomes,
therefore, more interesting. A problem is a
challenging situation that invites solution.
It can not be resolved without careful analysis
and planning."3
Klapper says that these distinctions can not always
be maintained, for the reason that a problem to one
person may be an example to another.

The writer agrees

with Mr. Klapper, but thinks he could have gone a step
further by saying that a problem today may be an example
tomorrow, and an example today, or over several days,
may prove to be a problem.
2. Newcomb, Ralph S. Modern Methods of Teaching Arithmetic,
p. 275. •
\
:
~
3. Klapper, Paul. Tho Teaching of Arithmetic, P» 459.
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James Robert Overman writes as follows:
"A problem is a concrete life situation having
a numerical side. An example is an abstract
drill situation.15Tho definition as used for this study is:
An example is an exercise for the solution of
which a definite process is always indicated.
For example: Subtract 15 children from 60 children.

In

this the mode of reasoning is given or the individual is
told Just what to do.

This is what is meant by saying

that the mode of reasoning is determined.
A problem is an exercise the method of solution
of which must be determined by the individual.
For example:

The total enrollment of a school is 60 but

15 wore absent on Monday.
on Monday?

How many children were present

In this exercise the mode of reasoning must

be determined by the individual.

A further illustration

of the problem-solving situation may be taken from the
teat called 11Problems Without Numbers":

I know the total

enrollment of a school and the number absent on a certain
day.

How can I tell the number present on that certain

day?

In this illustration, the mode of reasoning must

also be determined by the individual.4
*

4. Overman, James Robert. Principles and Methods of
Teaching Arithmetic, p. 48.'
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Review of Related Studies
Records have been found by the writer of a number of
recent investigations of a similar nature on problemsolving in various parts of the United States.
V. E. Chase made a study of some common difficulties
which pupils have in solving arithmetic problems at the
Fords cm Junior High School, in 1927.

This investigation

was concerned not so much with the number of mistakes that
pupils make, but with the reasons why they make them.
In his study Mr. Chase asked the teachers to furnish a list
of all pupils who were doing unsatisfactory work in
arithmetic and who were normal or higher in intelligence.
Seventeen cases whose I. Q.ig ranged fnom 84 to 118 were
selected for intensive study and observation.

The find

ings of this study revealed such common causes of dlfficulty in solving verbal problems as:

insufficient

mastery of fundamentals, use of wrong processes, lack
of familiarity with combinations and processes, weak com
prehension, inadequate vocabulary, improper reasoning
habits, etc.

His conclusions were that marked improve

ment can be brought about by the application of corrective
treatment based upon a systematic study and diagnosis of
individual differences.^
5. Chase, V. E. "The Diagnosis and Treatment of Some
Common Difficulties in Solving Arithmetic."
Journal of Educational Research: 2 0 $555-342
(December 1929).
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Another significant study made in 1928 is that of
Waehbearoe and Morph®it to determine whether or not children
solve arithmetic problems presenting situations within their own experience more readily than those involving
unfamiliar situations.

A problem-solving test was given

to 441 children in the public schools of Wilmette,
Batavia, Dolton, Highland Park, Yiinnetka, and the Francis
W, Parker School, all in Illinois.

This test was made up

of 8 pairs of. problems at fifth-grade level.

The two

problems that made up a pair involved the same arithmetic
process, numbers of the same order of difficulty, the
same sentence structure and length.

They differed only

in the situation involved.
It was found that whenever there was a significant
difference in the percentage of children solving correctly
the two sets of problems, the percent solving the more
familiar childlike situations was always larger than the
percent solving the equally difficult computational prob
lems found in unfamiliar situations.0
The Investigation mad® by Lenore John in the related
field was to find what errors pupils make in the inter
mediate grades when solving two-step problems in arith
metic, hov; pupils' differ in the types of errors that they
6. V/ashburno, Carloton and Morphett, Kable. "Unfamiliar
Situations as a Difficulty in Solving Arithmetic
Problems." Journal of Educational Research;
1 8 $220-224 (October 1928).
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make, and whether or not pupils from two schools show
significant differences in the types of errors which they
make,

John asked the teachers of grades IV, V, and VI of

the Laboratory School of the University of Chicago and of
a school located near by to select from their pupils five
who did exceptionally good work in arithmetic and ft##
who ware among the poorest in the class•

To these sixty

pupils, fifteen arithmetic problems were mimeographed and
given, one problem at a time.

The pupils could work the

problems mentally or on paper, but everything they said
was recorded*

An analysis of the errors made revealed:

errors in reasoning, errors in fundamentals, errors in
reading, and miscellaneous errors.
The findings of this study showed that errors in
reasoning ranked highest, with errors in fundamentals
second.

Errors in reading ranked third, while mis

cellaneous errors showed the smallest frequency.

This

same order holds for each grade except grade TV, in
which more pupils made miscellaneous errors than
errors in reading.
A comparison of the totals for each error in the
grade failed to show a consistent decrease from grade
to grade.

When the total frequencies for a group of

errors are compared, however, the decrease is evident
for each group.

Significant differences wore noted

9

between the two schools.7
m

1925 R» L* Morton of the University of Ohio, made

an analysis of errors in the solution of thirty-two verbal
problems in arithmetic in grades V, VI, VII, and Will to
Circleville, Ohio.
The findings in this study showed:

(1) More than half

of the rrors ware due to wrong procedure.

(2) Procedure

partly wrong included nearly onewtenth of the errors.
(3) Inadequate knowledge of the processes involved 6 per
cent.

(4) Errors in computation accounted for 15 per cent.

(5) Errors in copying figures or transcribing words into
figures occurred in less'than 5 per cent of the eases.
(6) Lack of knowledge of facts was found to constitute
only one-half of one per cent of the total.
totalling one per cent were unclassified.

(7) Errors
Errors of the

first class were the most numerous for each grade.

The

per cent of errors in computatIon increased in each grade.8
Problem
Because of professional interest in the achievement
of children to arithmetic the writer attempted to
answer the following questions:
7. John, Lonore. "Difficulties in" Solving Problems "in
Arithmetic," Elementary School Journal;
31:202-15 (November 1950)
8. Morton, R. L. "An Analysis of Errors in the Solution
of Arithmetic Problems." Educational Research
Bulletin; 4:187-190 (April idy, 192b)
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1. What Is the nature of the errors made in problemsolving in arithmetic in the fifth and sixth grades?
2. Is there a close relationship between errors made in
example-solving and those made in problem-solving?
5. Does the frequency of errors differ greatly between
the sexes?
4. Do errors have a tendency to decrease as pupils
advance from lower to higher grades?
Limitations of the Problem
The writer realises the limitations of this study
in simply listing the mistakes which children make with
out going to the root to find the cause of their errors;
yet it does seem that an important stop toward the im
provement of the teaching of problem-solving would be an
analysis of test papers to determine precisely the nature
of the mistakes children make and the frequency with which
these mistakes occur.

Circumstances have limited the

investigation to the errors in problem-solving in the
fifth and sixth grade arithmetic in four elementary
schools, namely:

A Avenue, Clawson, Fifth Street, and

Seventh Street, all in Douglas, Arizona.

These schools

are attended by American White, American Hegro, and
Spanish-Amarlean children.

CHAPfER II
HOw THE DATA 7/ERB- SECTOED
This study vras made possible by the co-operation of
Superintendent J. E. Carlson, Jr., and the teeehers of
fifth and sixth grade arithmetic in the public schools
of Douglas, Arizona.

In these four olementary schools,

A Avenue, Clawson, Fifth Street, and Seventh Street, a ....
series of three tests was given to eight groups of
children.

These schools will be designated as School I,

School II, School III, and School IV respectively.
In School I, a 5A and a 6A group were tested? in
School II, a SB, a 5A, and a 6A group were tested; in
School III, a 5A and a 6A group were tested; and in
School IV, a 6B group was tested, making a total of
132 pupils tested In four schools.
these groups was*

The pupil count In
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TABLE I

TOTAL OTHBER OF PUPILS BY SCHOOL AH) BY DIVISION
WITHIN THE GRADE IN BOTH GRADES 5 AND 6

School :

Grade

5A
:
6A
:
SB
II
t
5A
■ .
i
6A
:
III
:
BA
: ■ 6A
IV
f ...eg
Total :
I

2 Male
15

i
!
:
%

2
2

:

10

;

8
7
7

t

2

.

5

....

1
16
66

I
;
2

:
:
:

Female

Total

14

2

11
5

*
:

12
10
0
2
12

2
%
.r

66

2

29
21
13
If •
17

:

2

2

5
28
132

• "
TABLE II
TOTAL NUMBER OF PUPILS, BY GRADE, AND BY SEX,
IN GRADES 5 AND 6

Grade
5
6
Total

Male

:

Female

!
'
■t '

32
34

:
•:

31
38

■:

66

:

.* 66

-

%

Total

:
:

63
69 ■

2

'•- ■:•

132

In order to find what errors pupils make in problem
solving and example-solving, a series of tests was con
structed by the writer.

These tests were $

(1) Problems

Without Numbers, (2) Problems With Numbers, (3) ExampleSolving.

These tests will be designated as Test A,

Test B, and Test C, respectively, and a copy of each may
bo found in the appendix.

These tests were used:

(a) to determine reasoning ability, (b) to determine
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reasoning ability as well as ability to perform mechanical
operations, (c) to determine knowledge and skill in
handling fundamentals.
Constructing a tost suitable for both grades five
and six proved a difficult problem for the writer, in
view of the fact the tost must be easy enough for fifth
grade level and at the same time difficult enough.for
sixth grade level.

For this reason decimals, except in

the use of United States money, and much other sixth
grade material, wore omitted.

Tost A included ten

problems. Test B consisted of ten problems and was used
for problem-solving.

Test C included twenty-four

examples and Wa s used for example-solving.

These forty-

four problems and examples were mimeographed for 132
pupils, making a total of 396 papers.. Each pupil was
given a mimeographed copy of the tests.

The writer assumed

responsibility for scoring the tests.
The time limit proved to be another element of
difflenity but, after much deliberation, each teacher who
administered the tests was given opportunity to use
(what was in her judgment) a reasonable time limit for her
own particular group.

Since these wore reasoning problems

which required time to think, the writer felt that better
results could be obtained with this plan.

Test A was

given at the beginning of the second semester, 1942,
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Tests B and C were given near the close of the second
semester, 1942.
Test A Included eight one-step problems and two
two-step problems; test B included four one-step and six
two-step problems; test 0 included twenty-four one-step
exercises.

A one*?step problem is a problem solved by one

arithmetic process *

A two-step problem is a problem

solved by two arithmetic processes.

To illustrate, 11If

l,1ary has 4 apples and John has 6, how many apples do
both children together have?"

Addition is the one

arithmetic process required in this solution.

Similarly,

If you are required to "find the sum of 4 and 6 % addi
tion is still the one arithmetic process Involved.

On

the other hand if the problem should read that Mary has
4 apples and John has 6, how many apples do the two
children have after putting their apples together and
giving away 3, there would be two arithmetical processes
required for the solution, namely:
traction.

addition and sub

CHAPTER III
AKALYSIS OP DATA
Pupilst errors and difficulties In problem-solving
and example-solving are identified in this study by
analyzing test papers and inferring the weaknesses there
from*

Such Inferences often prove crude, ambiguous, and

overlapping.
volved.

They often fail to reveal the process in

The testing approach, however, enables one to

measure the ability of pupils to solve problems, and to
locate those individuals who are not able to solve prob
lems as well as pupils of their level of development
should be able to solve them.

The testing approach

helps one to locato the places where difficulties exist
but does not indicate the cause.

Analysis of the

written work on tho test will reveal such obvious faults
as inaccuracy in computation, inability to select the
correct process, and lack of knowledge of essential
facts.

The writer feels that even revealing these weak

nesses justifies the time and energy spent on this study.
Out of the 396 test papers analysed, 264 were devoted
to problem-solving.

The errors found 3n these papers

devoted to problem-solving were classified according to
the classification used by Lenore John of the Laboratory
School of the University of Chicago, but they were
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re-arranged for this study.
four main types:

The errors v/ero divided into

errors in reasoning, errors in funda

mentals , errors in reading, and miscellaneous errors.

Each

of these types was sub-divided as follows:
Errors in Reasoning
1* Use of the wrong process
2. Incomplete solution
3. Disregard of significant fact stated in problem
4. Omitted problem entirely
5. Reverse order of operation

;

6. Disregard of significant fact to be supplied
Errors in Fundamentals
,

..

.

.

••

,

'

-

1. Addition errors
2. Subtraction errors

,

5. Multiplication errors
4. Division errors
Errors in Reading

-

.

1. Neglect to answer all questions stated in problem
2. Mis-Interpreted problem

;

3. Failed to recognize terms in problem
4. 'Combining unlike quantities
Miscellaneous errors
The errors counted in this group have been those
impossible to classify, therefore, there is no sub-division.
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Table III given the number and per cent of errors in
reasoning, reading, and miscellaneous errors.

Tho errors

in fundamentals will be used later in this study for
comparison with the errors made In fundamentals in
example-solving.
TABLE III

M
M
W

a
w

l

i

I
sg

m
%

i !
44 r#
0

K

-S 1 i

Number
of
599 289 154 125 119
Errors
Per cent
28 20
9
of
9
8
Errors

1

95

80

7

1

I
44
O

!
4>
CO

E
s

■8

k

•o

1
Si
n
vi
K

6

Disregard of significant fact
to be supplied

i
Incomplete solution

•-

Omitted problem entirely

§

v#
ta

Disregard of significant fact
stated In problem

TYPES AID PER CENT OF ERRORS OF 132 PUPILS 321
PROBIEK-SOLVING

77

GO

5

4

s
I
a

I

S

#4

i
I

§

5
i! a r-4
d’i
S.h s i
27 16 1421

2

1

99
-
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Heftlecfc to anav/or all questions in the problem:
was found the largest number of errors.

Here

Forty per cent

of the problems In Test A had two and throe questions in
each problem.

From the largo number of errors made, it

is evident that the pupils either did not read all the
questions, or that they did not retain the questions
long enough to complete the whole problem.
Use of wrong process;

This is the second in the

number of frequencies of error.

Many pupils added

Instead of subtracting, or multiplied instead of dividing,
etc.

In problem 7, test B, which reads "A truck and its

load of potatoes weighed 4357 lbs.
weighed 2139 lbs.
the load?

The truck when empty

How many pounds of potatoes were in

How many pounds more than a ton of potatoes

were in the load?”, many children added 2139 lbs. to
4357 lbs. instead of subtraetlng.

This is what is meant

by "use of the wrong process".
Incomplete solution: Tho most of the errors classi
fied as "incomplete solution" seem to have occurred in
problems involving more than one step.

Many children

completely ignored the second step in the problem after
working tho first step.

It was difficult to tell the

cause of this, whether it resulted from a lapse in mem
ory, or whether they really did not" know how to work the
second step, or both.
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Disregard of aIgnlflcant fact stated in problem:
Many pupils ignored a significant fact in problem 8,
Teat B , "A man worked 512 days a year at #3.75 a day.
saved 0117 during the year and spent the rest.
did he spend?”

Ho

H ot; much

Many pupils multiplied 565 by $5.75, when

the number of days that the man worked was plainly stated
In the problem.

They seemed to have lost sight of the

significant fact stated#
Omitted problem entirely:

Problem 6, Test B, proved

to bo a difficult problem for the lower grade, and hence
was omitted by many of them.. The problem reads:

nHenry

is 60 inches tall, and his sister Alice is 54 inches tall.
Alice*s height is what fraction of Henry*s height?”

As

has been stated earlier in this study, constructing a
test suitable for both grades proved to be difficultProblem 3, Test B, which roads:
by the hour.

“A man was hired to work

He was to be paid 80$f an hour.

If he worked

4 & 3/4 hours, how much should he receive?” , was too
difficult for most pupils in Grade V.

The solution to

this problem was omitted by many pupils and those who did
make an effort, multiplied 4 times 80 and added 3/4 to
this product.

The reasoning required in the first problem

mentioned above seemed to have been beyond fifth grade
level.

The second dealt with fractions and fractions

proved to bo difficult for the lower grade, hence these
problems were omitted by tho majority of pupils in
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that grade.
Reverse order of operation:

Few pupils used the

reverse order in Problem 4, Test A, which reads:

“Henry

knows the total number of, books bought, the total amount
paid for this number of books.
average cost for each book?"

How can he find the

They frequently divided the

total number o f .books bought by the total amount paid for
the books.

Other errors in this classiflcation were made

by those who added when they should have subtracted or
multiplied when they should have added.
Kis-interproted problem:
thus:

Problem 6, Test A reads

“A boy pays,the same amount for his lunch #a@h.

school day, how can I tell the amount that he will spend
in 9 months?"

In this problem It was frequently stated:

"If I know the cost of the lunch for ©no day, to find the
cost for 9 months,,multiply 9 tines the cost for ono day."
Another illustration. Problem 4, Test B says, "Bill has
75^.

He has 5 times as much money as Jack.

times as much as Joe.

How much has Joe?"

Jack has 5
The answers

given here were, "If Bill had 75^ and he has 5 times as
much as Jack,,then 5 times 75 would be theamount Jack has;
and 5 times Jack*s amount would be the amount Joo had."
In this particular problem the writer felt that tho
reasoning required was beyond the ability of the group
involved, as the majority of the pupils who mis-interpreted
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this problem were pupils from the lower grade, the
youngest of the 8 groups tested.

This bears out the

findings of Washburn© and Morphett, that pupils solve
problems more readily v/hon the situation is within their
own experience.^
Disregard of significant fact to be supplied;

A few

pupils failed to realize that it was necessary for them
to supply significant facts in Problems 5, 7, 8, Test A.
The first roads, ’’Ered knows the number of miles that John
drives his automobile in one. day, how can he tell the
number of miles John drives in one week?"

The second was,

nIf you know how much a man's average expenses for a month
are, what else must you know and what must you do to find
how much he saves In one year?"

The third reads, "If you

know how many quarts of milk a family uses each day and
the price per quart, how can you find the amount of the
milk bill for the family for the month of January?"

.

In

the first problem it was necessary to supply the fact,
that there are seven days in one week, in the second,
that there are twelve months in a year, and in the third,
that the month of January has thirty-one days.
Failed to recognize terms in the problem:

Although

this produced a small percentage of errors, yet it was
evident that some pupils did not understand the terms,
1. vVaahburne, Carlo ton and Morphett, Mable. op. clt.
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Maverage, rectangle, area, and perimeter."

In this

connection Miss Streits states that children often use
the term "average* tn their daily conversation and seem
to understand the term but when asked "to find the average"
in a problem, they are confronted with a problem that they
cannot solve from their general knowledge.

She recommends

that children be taught an arithmetic vocabulary just as
they are taught a foreign language vocabulary.2

v

Combining unlike quantities: There were relatively
few errors of this type.

A large number of errors

occurred in Problem 10, Test B, which reads, "If 3 h o w s
end 45 minutes is spent upon arithmetic each week, how
much time is spent upon arithmetic during a school year
of 36 weeks?"

In this problem pupils multiplied 5 hours

45 minutes by 36, then added the minutes to the hours
without first reducing them to hours#
Miscellaneous errors:

Most errors of this type were

in School IV where pupils had a language handicap and
did not know how to express their solutions#
Findings t The findings in this study of the errors
in problem-solving agree with those found by Lenoro John.
John found that most errors in problem-solving wore
errors in reasoning; next were errors in fundamentals;
2. Streltz, Ruth. 11Teachers * Dif ficu It lea in Ar it hiret ic
and their Corrections." Bureau of Educational
Research; 18:7-24 (April 21, 1^4).
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leas numerous were errors in reading, while miscellaneous
errors showed the smallest percentage of frequency.
In this study errors in reasoning were found to be
768 or 37 per cent of the total; errors in fundamentals
occurred 635 times or 51 per cent; the errors in reading
occurred 519 times and made up 25 per cent of all,.while
miscellaneous errors showed the least frequency, occurring
134 times or 7 per cent of all.

Table IV shows the number

and per cent of errors including errors in fundamentals.
Errors in fundamentals are included here to show the total
number of errors, 2056, made in problem-solving.
TABLE IV
TOTAL NUMBER AND PER CENT OF ERRORS MADE BY 132 PUPILS
:
IN PROBLEM-SOLVING :
:Reasoning:Fundamentals jReadingtMiscella-:Total
:
:
s ' • i
neous :
Number I
s
:
:
2
655
$ Sit f
768
is*
$ m m
of
*
r
B?rors :
:
2
:
:
:
For cent:
2
37
31
:
25 2
2
7
: 100
of
2
Errors
2
2
2

This tabulation provides a definite answer to the
first question raised in the study:

What are the types

and relative frequencies of errors made by children in
problorn-solving?

Tho place of most errors in problem

solving is in reasoning, rather than In computation.
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The types of errors in the order of frequency are:
errors in reasoning, errors in fundamentals, errors in
reading and miscellaneous errors.
The second question raised m s , what is the relation
ship between the errors made in problem-solving and those
made in example-solving?

To answer this, as well as the

other questions in the study, a comparison has been made
between the errors in fundamentals made in problem-solving
and the errors in fundamentals made in example-solving.
These errors have been arranged in the descending order
in Table V, in order to compare the order of frequencies.
Most errors wore made in multiplication in problem
solving, a total of 245 or 59 per cent*

This large

per cent of errors is probably due to the fact that
multiplication occurs 15 times In problem-solving, and
only 6 times in example-solving as shown in Table VII.
If we reduce the number of errors made in
multiplication to the same opportunlty-for-error basis
as that used in example-solving, the percentage of errors
in multiplication in the problem-solving situation is
reduced from 39 to 21 per cent while division would
increase to 22.

The rank order of errors made in both

problem-solving and example-solving is evidently
division, multiplication, addition, and subtraction.

In ©xsaple-eolTfing, since most errors occurred in
division in Table VI, it was hard to tell why division
produced such a large number of errors, 285, or 51 per
cent, as division occurred 7 times in problem-solving and
6 times in example-solving.
remedial work In division.

It does indicate a need for
Most of these problems in

division were problems of long division which involves a
use of all the fundamental processes.
TABLE V
-/ .
- . - ''
VT .V" '\
'
TOTAL NUMBER AND PER CENT OF ERRORS IN FUNDAMENTALS OF
132 PUPILS IN DESCENDING ORDER IN PROBLEM-SOLVING

Multipli- iDivision:AdditionsSubtractioniTotal
cation !
8
s
s
Number
.8
:
8■
:
136 8
of
245
8
128 *
:
126
t 635
Errors
:
:
:
2
:
Per cent :
:
:
:
:
21 %
39
of
20 :
*
20
i 100
*
Errors
:
i
:
2
TABLE VI
TOTAL NUMBER AND PER CENT OF ERRORS IN FUNDAMENTALS OF
132 PUPILS IN DESCENDING ORDER IN EXAMPLE-SOLVING

:DivisioniMultipll:
; cation
:
:
283
149
:
:
:

Number
of
Errors
Per cent 2
2
of
Errors
2

51

2
*

:

.2*r

"

:Addltion:Subtraction:Total
:
r
•:
8
:
56
: 558
8.
8 . 70
#
8
:
:
:
:
13
to
% loo
:
T
:
:
:

TABLE VII
NUMBER OF TIMES THE FOUR FUNDAMENTALS OCCUR
IN PROBLEM-SOLVING AND EXAMPLE-SOLVING

:Addlt Ion:Subtract Ion :Mult iplicat Ion :DIvis Ion
Number of :
:
:
2
times in :
4
13
:
5
•i
7
$
Problems
:
:
:
•
Number of :
2
:
:
6
6
times in :
6
6
2
*
Examples
:
:
2
:
:
11
Total
:
10
13
19
2
*

Do pupils do more accurate work In computation when
the solution is indicated, as in example-solving, or when
they must also choose the process to be used, as in
problom-ooIvingf
In problem-solving 655 computet ional errors were made
out of 3828 opportunities, a total of 16.6 per cent, while
In emmple-aolvlng situations, totaling 3168 opportunities
558 errors were made, a total of 17.6 por cent.
Quite evidently, the accursey in computation is
unchanged by and independent of the situation.
Does the frequency of errors differ greatly between
the sexes?

Table VIII shows that a total of 328 or 52

per cent of the errors in computation were made by the
boys, and 307 or 48 per cent by the girls in the problem
solving situation.

In example-solving, the total number

of errors made by the boys is 300 or 54 per cent, and
258 or 46 per cent by the girls.

This indicates that
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there is a slight difference between, the sexes in both
problem-solving and example-solving.

The girls show

superiority over the boys in both problems and examples.
The per cent of errors within their respective grades
presents a different picture•

In the fifth grade the boys

are superior to the girls in the same grade.

The total

errors for the boys are 171 or 47 per cent, and for the
girls 190 or 53 per cent, in problem-solving.

In

example-solving the total number of errors is 176 or 48
per cent for the girls and 194 or 52 per cent for the boys
of the same grade.

In this grade the boys are superior

in problem-solving and tbs girls are superior in examplesolving.

In the sixth grade the girls are superior to

the boys in both problem-solving and example-solving.

The

number of errors for the girls in problem-solving is 117
or 43 per cent of the total and for the boys of the same
grade the number is 157 or 57 per cent.

In example-

solving, the total errors mado by tho girls were 82 or
44 per cent and 106 or 56 per cent were made by the boys.
These findings can be read from Tables X and XI.
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TABLE VIII
TOTAL HUMBER OF ERRORS IH COMRJTATIOH BY SEX
IN PROBLEM-SOLVING•

:
Humber of '
Errors
Per cent of
Errors

:
:
:
;

Malo

t

Female "

:
328

307
:
!

52

48

i

: . Total.......
:
:
:
..

-

635
.

100

"

TABLE IX
TOTAL HUMBER OF ERRORS IN COMPUTATION BY SEX
IH EXAMPLE-SOLVING

%
Humber of
:
Errors
:
Per cent of :
Errors
:

Male
300
54

:
:
:
:

Female
258
46

•

$
:
:
:
:

Total
558
100

TABLE X
HUMBER AND PER CENT OF ERRORS IN FUNDAMENTALS BY SEX AND
BY GRADES IN PROBLEM-SOLVING

.
Humber of
Errors
Per cent of
Errors

Grade 5
Grade 6
%
i,
: Male : Female : Male : Female
:
:
:
:

:
171 :
•■ :
47 :

190
53

:
:
:
$

:
157 :
- ...rf
57 :

117
r'
43

•

'

*9

TABLE XI
m m m

asd per cent

of errors

in fun dame ntals b y sex

Aim

BY GRADES IN EXAMPLE-SOLVING
....

;-

■

Number of
Errors
Per cent of
Errors

Grade 5
g
: Halo g Female

:

•
;
:
r

:
:
:
:

194
52

!
:
:
:

176
48

Grade 6

: Male
:
106

:

as

56

:
:
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The loot phase of this study, indicating whether
errors decrease as pupils advance from

lo w e r

grades, is shown in Tables XII and XIII.

to

higher

Tho total errors

In computation in problem-solving for the fifth grade are
361 or 57 per cent, and for the sixth grade 274 or 45 por
cent, while in example-solving the fifth grade made 570
errors where the sixth grade made only 188.

This Indi

cates that errors do decrease as pupils advance from
lower to higher grades.
TABLE XII
1 W B E R AND PER CENT OF ERRORS BY GRADES III FUNDAMENTALS
IN PROBLEM-SOLVING

:
Number of
Errors
Per cent of
Errors

:
:
:
;

Grade 5
361
57

$
:
i
:
:

Grade 6
274
45

:

Total

:
:
:
:

635
■ •. ■■
100

jf
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; TABLE XIII

. ;. ■.

■

U M B E R AMD PER CEliT OF ERRORS BY GRADES III FUMDAMEHTALS
KI EXAMPLE-SOLVIHG

%
Humber of
Errors
Per cent of
Errors

:
:
:
:

Grade 5
370
66

:
:
:
:

Grade 6
■: "
:
188
34

:
:
:
:
!

Total
558
100

The findings from the analysis In this chapter are
as follows:
First:

The rank order of errors in problem
solving situations is:
1. Errors in reasoning
2. Errors in fundamentals
3. Errors in reading
4. Miscellaneous errors

Second: Errors in computation occur in the same
order of frequency in both problem-solving
and example-solving situations, namely:
1. Division
2. Multiplication
3. Addit ion
4. Subtraction
Third:

There is no difference in the accuracy of
computation done in the two situations.

5%

Fourth:

Tho difference in accuracy of computation
between boys and girls is slight, but tho
girls show some superiority.

Fifth:

There is a decrease in the errors in
computation made by the sixth grade as
compared pith tho fifth.
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CHAPTER IV
CONCLOSIOHS Aim RECOmiEHDATlOHS
1.

ft

The most important part of this investigation was

to determine tho weaknesses of pupils in fifth and sixth
grade arithmetic in solving problems.

A fairly detailed

analysis of 596 test papers for the second semester of
1942 reveals the fact that the greatest percentage of
errors was made in reasoning, with errors in fundamentals,
errors in reading, and miscellaneous errors following in
the order named.
2.

.

-'l.T

- . ''

The second phase of this study, "the relationship

between problem-solving and that of example-solving,n
reveals the prevalence of errors in division in both
problem-solving and example-solving, with errors in
multiplication, errors in addition, and errors in sub
traction following.
3.

The frequency of errors between the sexes differs

in problem-solving and example-solving.

The girls are

slightly superior to the boys as a group in both problem
solving and example-solving, but within the grades, fifth
grade boys show superiority in problem-solving and fifth
grade girls show superiority in example-solving.

In the

sixth grade the girls show superiority in both problems '

and examples. .
4.

•:

The last phase of this study, "whether errors

decrease as pupils advance from lower to higher grades,"
reveals a decided drop in errors in the sixth grade group
»• compared with the number of errors made by the fifth
grade.
Although these findings check with those of other
investigators, it must be observed that the narrow
scope of this study precludes the giving of too great
a generalization to results*

The writer wishes again

to state that nothing has been measured except errors
made in the tests which formed the basis for the study.
In the light of the weaknesses revealed, arithmetic
teachers would be justified in increasing the amount of
emphasis placed on the correct solution of verbal
problems, more time on acquiring an arithmetical
vocabulary, and more time on developing knowledge and
skill in the use of fundamentals.
The writer recognises the limitations and
deficiencies of the study more keenly than any one
else, yet hopes that an analysis of these errors will
be suggestive in the guidance of school learning.
It is of some value for a teacher to know that a child
cannot solve a problem because he cannot Interpret
its meaning, but it is of far more value to tell the

fceachor the probable reasons v/hy the child has failed
to Interpret Its meaning.

For this reason the v/ritor

recommends further study of the problem.

-BIBLIOGRAPHY
. A. Books
1. Brueclmer, Leo J. and Melby, Ernest 0.
Diagnostic and Remedial Teaching of Arithmetic,
Houghton Mifflin Co., Boston, 1951.
2. KTapper, Paul
The Teaching of Arithmetic.
D. Appleton-uentury Co., ifev/ York, 1934.
3. Morton, Robert Lee
Teaching Arithmetic in the Intermediate Grades.
Silver, Burdett ana Co., Boston,. 1924.
4. Hewcomb, Ralph S.

.

5. Osborn, Worth J .
Corrective Arithmetic.
llb u ^ t o r f i a i v m " -CoT; Boston, 1924.
6. Taylor, E. H.,
. _
Arithmetic for Teacher-Training Classes.
Henry WoIt and Co., hew Y o r k , 1 9 2 V .

A*

B. Periodicals
7. Chase, V. E.
"The Diagnosis and Treatment of Some Common
Difficulties in Solving Arithmetic."
Journal of Educational Research; 20$335-342
(Decomber ,1929).
8. Clark, John R.
"A Comparison of Two Methods of Arithmetic Problem
Mathematics^Teacher; 18$226-233 (February 1925).
9. Haeritter, L* D.
"An Effective Method of Teaching Pupils H oy/ to
Solve Verbal Problems."
Mathematics Teacher; 24:166-175 (March 1931).

36

10. Banna, Paul E.
’’Methods of Arithmetic Problem-Solving."
Mathematics Teacher; 25:442-450 (November 1930).
11. John, Lenore
"Difficulties In Solving Problems In Arithmetic."
Elementary School Journal; 31:202-215
12. Kramer, Grace A.
"Some Wrong Eotions in Devising Arithmetic Problems.”
Education; 54:473-476 (April 1954).
13. Lidga, Paul
"The Systematic Solution of Arithmetic Problems."
School Science and Mathematics; 28:24-33, 172-182.
14. Morton, Robert Lee
"An Analysis of Errors in the Solution of Arithmetic
Problems."
Educational Research Bulletin; 4:155-57, 187-190
(April lb, April 29, 1925)".
15. Otis, Arthur S.
"The Visual Method of Solving Arithmetic Problems."
Mathemat1cs Teacher; 21:485-489 (December 1928).
16. Streitz, Ruth
"Teachers1 Difficulties in Arithmetic and Their
Corrections.”
Bureau of Educational Research: 18:7-24 (April 1924).
17. Washbume, Car let on, and Morphett, Mablo
"Unfamiliar Situations as a Difficulty in Solving
Arithmetic Problems."
Journal of Educational Research; 18:220-24.

(October 1928).
C. Yearbooks
18. Brownell, William A.
"Problem-Solving."
Forty-first Yearbook, Rational Society for the Study
of Education;Part XI, p p . 415-441 (1941).

37

19* Buckingham, B. R.
"The Social Value of Arithmetic."
Twenty-ninth Yearbook, national Society for the
stuay ox1 Education • [-‘art i, pp. tb-oO (1^30).
20. Buckln^aatn, B. R.
"Training Teachers of Arithmetic."
Twenty-ninth Yearbook, National Society for the
Study of Education; V a r t 1, pp.399-40H (lUbO).
21. Wilson, Guy K.
"Curricular Problems and Their Scientific Solution
(Arithmetic)';
Third Yearbook, Department of Superintendence,
National Mucati6haI'l^¥bViatibiQ;' pp. bb-lsl
(June 1926).

A

P

P

E

K

D

I

X

39

PROBLEMS WITHOUT limSERS
Ham©
Teacher

_________

School_____________ Ago___ Grade
Score

1. If you know the number of miles an automobile traveled
and the number of hours it took to travel this distance,
how would you find the number of miles per hour traveled?
2. The total enrollment of a school is knovm, the number absent
on a certain day is knovm. How can I tell the number
present on that day?
3. I^*ed knows the number of miles that John drives his
automobile In one day, how can he toll the number of
miles John drives in one week?
4. Henry knows the total number of books bought, the
total amount paid for this number of books, how can
he find the average coat per book?
5. If you know the cost of a ticket from your home to
How York City, what else must you know and what must
you do to find the average cost per mile?
6. A boy pays the same amount for his lunch each school
day, how can I tell the amount that he will spend in
9 months?
7. If you know how much a man's average expenses are
for a month, what else must you know and what must
you do to find out how much he saves in one year?
8. If you know how many quarts of milk a family uses
each day and the price per quart, how can you find
the amount of the milk bill for the family for the
month of January?
9. I have some money; I know the cost of one large
marble; how am I to find how many such marbles
I can buy at the same rate with my money and how
much money, if any I will have left?
10. To find the area of a square, what must you know
and what must you do? If you know the dimensions
of a square, how can you find its perimeter?

iS2!44
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PROBLEMS WITH NUMBERS
Hame
Teacher

__________ School____________ __Ago___Grade
__

Score______________

.1. A boy made a rectangular pen 101 by 30* for his dog.
He put a woven wire fence around it at Z i per foot.
How much did the fence cost?
1
2. One afternoon Tom worked at his father’s road-side
stand* During the afternoon he sold 12 pumpkins
at the rate of 3 for 50^. How maeti did he receive for
the 12 pumpkins?
3. A man was hired to work by the hour. He was to be
paid 80^ an hour. If he worked 4 3/4 hours, how
much should he receive?
4. Bill has 75/. He has 5 times as much as Jack.
has 5 times as much as Joe. How much has Joe?

Jack

5. A cow produced an average of 760 pounds of milk each
month for one year. How many pounds of milk did she
produce in one year?
6. Henry is CO inches tall, and his sister Alice is
54 Inches tall. Alice’s height is what fraction
of Henry’s height?
7. A truck and its load of potatoes weighed 4357 lbs.
The truck when empty weighed 2139 lbs. How many
pounds of potatoes wore in the load? How many
pounds more than a ton of potatoes wore in the load?
8. A man worked 312 days a year at 03.75 a day. He saved
0117 during the year and spent the rest. How much
did he spend?
9. One year Mr. White used 7 T. 600 lbs. of coal in his
furnace. The second year he used 8 T. 1500 lbs. The
third year he used 6 T. 700 lbs. How much coal did
he average per year?
10. If 3 hours and 45 minutes is spent upon arithmetic
each week, how much time is spent on arithmetic
during a school year of 36 weeks?
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EXAMPLE-SOLVIH0
Grade

School

lane

Score

Teacher
MS:
1.

669
446
559
618

59
32
15
65

80787
29386
65569

9510
1058
8172
7580

5870
1104

m ss
8425

62970
73691

Subtract:
2 ,

11745
6489

9008

5010
4457

657
299

70S

2955141
147269

Multiply:
3,

74286
9

65709
57

579
@46

53006
65

8600
650

Divide:
4.

If there Is a remainder in the answer, write it as a
fraction in its simplest form.
419356

8 =

91450

931

113659 -f- 728

58681 -i- 404 s

268081 «•£» 66C
5. Find the difference
941
476

Find the emn
$

40.40
4.49

128.86
Find the product
165.50
17

Z

Find quotient
44059 by 42

E^l.
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