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Chapter 1
INTRODUCTION

A major objective of any mathematics teacher today is develoning
th: ahility of students to solve verbal problems. There are numerous
situations in the classroom in which the problem solving ability is
necessary, and as the student leaves school he will be faced with cppor-
tunities to use this ability.

A verbal, or word, problem may be defined as a written question
raised for inguiry, consideration, discussion, decision or solution. In
each verbal problem a situation is described that involves a quantitative
question for which the individual has no ready answer.

Developing good problem solving techniques should be a major part
of a good mathematics curriculum for several reasons:

1, Learning to solve textbook word problems is important in the
study of mathematics because they give the student an exposure to problem
situations well beyond those possible through real life experience. At
the same time the student is learning to deal with problems in a form he
will encounter throughout his education.

2. Verbal problems provide practice in computational skill in a
more interesting manner than a list of exercises.

3. Competence in living and working in an age with so great an
emphasis on aoplied science is dependent upon a person's understanding
and skill in using problem solving methods in personal, social, and

1



economic situations.

4, The verbal problem may demonstrate the practical part of
mathematics and thus motivate a student to learn the skills necessary
for the course he is taking and to retain these skills for further use.

The effectiveness of any education program must be judged by its
success in developing the student's ability to function as a responsible
citizen, This is also true of the mathematics program, it can be
effsctive only if it develops the ability of the student to solve prob-
lems he will encounter in life activities,

The purpose of this report was to examine research studies and
literature written concerning verbal problem solving and to relate them
to improvement of student abilities.

Three areas of research and literature were examined: (1) stu-
dent problem solving abilities--examining the relationship between a
student's success in problem solving and other characteristics of his
thinking and personality, (2) problem content--how the content of the
problen is related to a student's ability to solve it, and (3) problem
solving processes--studies of the processes used by students to solve
verbal problems and how these processes can be improved.

After a review of the research and literature, student diffi-
culties in verbal problem solving were examined to see how they might

be corrected using the implications of the research and literature.



Chapter 2
A REVIEW OF RELATED RESEARCH AND LITERATURE

Hany research studies have been conducted concerning the ability
of students to solve verbal preblems. In this report only those studies
concerned with problem solving ability, problem content, and problem
solving processes were examined. Much research found on the same topic
did not agree as some articles completely refuted what another had
concluded, Also, many experimenters found no statistical difference
betwzen their contrel and experimental groups. The sampling of research
cited in this report is given for its direct application to the mathe-

matics student having difficulty in verbal problem solving.
STUDENT PROBLEM SOLVING ABILITIES

Many factors make up a student's ability in solving verbal
problenms, The understanding of these factors and how they relate to
problem solving can lead a teacher in finding the best method to help

students improve their problem solving abilities,

Stevens
In a study conducted by B. A. Stevensl the relationships of
ability in silent reading, power in the fundamental operations of

arithmetic, power in solving reasoning problems in arithmetic, and

B. A. Stevens, "Problem Solving in Arithmetic," Journal of
Educational Research, 25:253-260, April/HMay, 1932,
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"general intelligence" test scores were compared. A comparison of
scores was nade from a wide sampling of students in the fourth, fifth,
sixth, and seventh grades in the different areas given above, The
study used the correlation method in the comparison of the scores., Each
score for a particular ability was obtained by a standardized test
given to the pupils,

The experiment results showed that abilitv in fundamental
operations in arithmetic was more closely correlated with ability in
problem solving than was general reading ability. Test of problem
analysis seemed to have higher correlation with the test of problem
solving than did tests of general reading ability or of fundamental
operations. Although in this test this correlation between problem
analysis and problem solving did exist, other studies seem to indicate
that special training in problem analysis does not result in higher
achievement for normal pupils in problem solving, Stevens felt that
this study and others suggest that a large proportion of our pupils may
be solving reasoning problems in arithmetic by means of type solutions

rather than by means of vital reasoning processes.,

Tate and Stanier

A study by Merle W. Tate and Barbra Stanier was concerned with
the kinds of errors made by good and poor problem solvers in judgements
2
as measured by critical thinking and practical-judgement tests. This

study used data from a previous study in which 117 good problem solvers

2

Merle W. Tate and Barbra Stanier, "Errors in Judgement of Good
and Poor Problem Solvers," Journal of Experimental Education, 32:371-
376, Summer, 1964,




and 117 poor problem solvers were selected. The median IQ of the good
problem solvers was 114%,8; that of the poor problem solvers was 113.6.
The median chronological age of the good problem solvers was 156 months;
that of the poor pfoblem solvers was 154 months,

The test t; examine the errors in critical thinking consisted
of fourteen paragravhs dealing with science and social studies topics.
Each paragraph was followed by a number of statements, 84 statements in
all, The subjects were to mark each statement as true, probably true,
not enough facts, probably false, and false on the basis of the infor-
mation contained in the paragraph. They were to use the response not
enough facts if there was not enough information in the paragraph to
determine the truth or falsity of the statement.

As the authors expected, the test was relatively hard., The
mean score of good problem solvers was 38.2 on the B4 items. The mean
score of poor problem solvers was 29,9, The difference was significant,
the t ratio being 9.01 with 209 degrees of freedom.,

Test results showed that, in general, both groups checked as
true or probably true statements frequently heard or commonly believed
as true, even if there was no evidence to support the. statement presented
in the paragraph. Results of the test also showed that poor problem
solvers tend to judge statements as true or false and avoid the other
alternatives more frequently than the good problem solver. The good
problem solvers seem to make better use of the information they are
given,

The differences in responses of the good and poor problem solvers
can perhaps be explained in terms of tempermental rather than cognitive

differences, The good problem solver responded-with not enough facts



when he did not know the answer rather than the extreme true or false.
On the other hand, the poor problem solver would reject not enough facts
and respond with the true or false because of impulsiveness or intol-

erance of ambiguities.

The errors in practical judgement test consisted of 36 questions
of the following type:

1. Why is a traffic officer superior to a traffiec light?
__He can help people cross the street.
He can think,.
" He can control traffic.
" He can arrest a driver who does something WrOong.

I;—

7. Vhy are skyscrapers built in large cities?

__To save space.

__To beautify the city.

__To draw tourists,

__Because land is expensive.

Subjects were to write 1 before the answer they considered the best and
2 before the next best answer. In scoring, the answers were rénked from
1 (best) to 4 (poorest) on a key. The differences between a subject's
number and the key's number were summed and subtracted from 100. The
mean score of the good problem solvers was 55.3 and the poor problem
solvers was 45,0,

In addition to practical information and evaluation of past
experience, success on the practical judgement test seemed to require the
ability to delay;a response until all of the answers had been read and
impartially analyzed. It seemed probable that the differences between
the errors of good and poor problem solvers were due to differences in
susceptability to affective answers. The poor problem solvers preformed
better on 11 of the 36 questions; actually only 18 questions having

answers involving beliefs or feelings of the students elicited definitely

better performance from the good problem solvers,



Alexander

Vincent E, Alexander analyzed characteristic differences between

3
high and low achievers in problem solving., For the study, pairs of

high and low achievers in seventh grade problem solving were matched
according to sex, iQ, and mental age in months. These pairs were
compared with respect to certain factors and abilities. The measure of
problem selvinm zbility was determined by the pupil's score on a stand-
ardized test. Jnly the general conclusions for this study were given.
All differences were statisticallv significant at or above the 5% level
of cenfidence,

The results of the study are given in the following outline:

A. Characteristics of high achievers
1. Specific mental abilities
a. General reasoning ability
b. Ability to understand verbal concepts
2, Quantitative skills
a. Understandinz mathematical terms and concepts
b, Skill in computation
3. General reading skills
a. Comprehension of reading material
b, Understandinz words in context
4., Problem solving reading skills
a. Comprehension of statements in problems
b, Selection of relevant details in problems
¢, Selection of correct procedures to solve problems
5., Interpretation of quantitative materials -
a., Finding data from graphs, tables, charts, and maps
b, Perception of relationships involving comparison of data
c. Recognition of limitations of given data
B. HNo significant difference
1. Specific mental abilities
a. Ability to use words easily
b. Ability to visualize objects in two or three dimension
2. Socio-eccononic status
3. Quantitative skills
a. Timed addition of whole numbers
C. Characteristics of low achievers

3,
Vincent E. Alexander, "Seventh Graders Ability to Solve Prob-
lems," School Science and Mathematics, 60:603-606, November, 1960.




1. Interpretation of data errors
a. Tendency to require more information than necessary to

judge data

b. Going beyond the data given (finding an answer even when
there is not sufficient information)

¢. Inaccuracy due to carelesaness, reading difficulties, or
inability to see relaticnships

From this ;tudy, Alexander set up guides for the teacher in
plarning instructicon in problem solving:

A differentiated program--Instruction must be adapted to the
needs and abilities of students. Some of the assigned problems should
be of low enough difficulty to be solved by all of the students. There
should alsc be scme problems difficult enough to challenge the high
achiever. 'Diagnosis of difficulties and activities to improve problem
solving skills, instructional materials, learning experiences, and goals
to be achieved should be selected and organized to meet individual
variations in problem solving ability."

Selection of printed materials--Materials are to be selected so
that the vocabulary and language structure are appropriate to the reading
level of the pupils who will be using them.

Improvement of general reading ability-~General reading can be
improved through specific reading instruction.

Development of reading skills related to problem solving--The
pupils are to have instruction in using the meaning of items and state-
ments in verbal problems as clues to computation processes. The pupils
need to have an understanding of basic and enriched meanings of mathe-
matical terms and concepts.

Development of mathematical concepts--The pupils need to learn

the relationships between quantities and processes.

Skill in fundamental operations--The pupils need the ability to



employ processes with understanding,

Interpretation of quantitative materials~-Pupils should be taught
to interpret and visualize facts and relationships in charts, tables,
graphs, and maps. They should be able to compare data, recognize limi-

tations of given data, and discriminate between relevant and irrelevant

data.,

Kennedy, EFliot, and Krulee

A test was developed by George Kennedy, John Eliot, and Gilbert
Krulee to finc the error patterns in the problem solving processes of
students. Their experiment had two purposes: (1) to determine if
students differ with respect to their solution patterns for algebraic
word problems; and (2) to determine how students use the information
given to them in problem statements.

Xennedy, Elioct, and Krulee gave the following five steps which
students use in solving word problems:

1. The student reads the problem and forms a rough hypothesis,

2. The student looks for information requiring translating into
mathematical symbols.

3. The student decides what type of relationships are needéd to
form an appropriate equation,

k. The student acertains whether he has identified the physical
or logical inferences needed to solve the problem.

5. The student is ready to solve the equation and obtain a

4George Kennedy, John Elict, and Gilbert Krulee, "Error Patterns
in Problem Solving Formulations," Psychology in the School, 7:98-99,
January, 1970,
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solution,

The first purpose of the study, to determine if students differ
with respect to their solution patterns for algebraic word problems, was
divided into two ﬁarts: (a) that the difference between less and more
able students is a-function of their ability to recognize the relation-
ships needed to form an appropriate equation, and (b) that the difference
between less and more able students is a function of their ability to
add or to identify the logical oFf physical inferences needed to solve
the problem,

The subjects of the study consisted of 28 high school juniors
from Evanston Township High School in Evanston, Illinois. All subjects
were from the same teacher's average and advanced mathematics classes.
The subjects were selected in order to have an equal number of average
and advanced students and an equal number of boys and girls. All back-
grounds of the students indicated that the majority were from families
with professional backgrounds., All subjects took the College Entrance
Examination and plan to go to college. Most of the students were
planning to enter a professional field. The subjects reflected the
upper to middle class families.

The test given consisted of the following six problems:

l. 3y - 4 =-hy + 8, y=2?
8 b

2. A man is three times as old as his son. Eleven years from now
he will be only twice as old as his son, How old is the son
at present?

3. B(X-3B)=X-(2-B), X =2

4. Mary can wash the dishes in a half hour, and Tracy can wash them
in 25 minutes. After Mary has worked for 10 minutes, Tracy
begins to help her. How long will it take both girls to finish
the dishes?
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5. A-X2 =4y -021

=X - 56 + 9X = 4X
X =27

6. An automobile radiator contains 4 gallons of a mixture of water
and antifreeze, If the mixture in now is 20% antifreeze, how
much of the mixture must be drawn off and replaced by pure
antifreeze.to get a mixture containing 30% antifreeze?

Each student was taken alone into a souﬁdproof recording room,
and he was told that they were interes*ed in the way in which people-go
about solving zlgnebra problems. He was asked to solve the six problems,
putting all his work on paper and saying anything which came to mind no
matter how trivizl. He was reminded that the interest was in how he
worked the prollem, not his answer.

After the tests were scored, it was found that the numerical
problems offered little difficulty for any subjects. The word problems
were more difficult for the less able student., Of problems 4 and 6,
there were 15 of 28 correct solutions of honor students but only 5 of
28 for average students,

The first part of the first hypothesis (difference is a function
of ability to recognize the relationships needed to form an appropriate
equation) was not supported because both groups recognized the relation-
ships needed for equations equally well. However, thé second part
(difference is a function of ability to add or to identify the logical
or physical inferences needed to solve the problem) was supported. When
comparing the cummulative frequency for each step of the problem solu-
tions, the greatest discrepancy occured at the step requiring students
to identify lozical or physical inferences in the problem statement.

The hypothesis that less able students use facts in the order

that they appeared in the problem was partially supported as only some



12
of the less able students did formulate wofd problems sequentially as
facts appeared,

The results of the study indicate that "teachers should be less
concerned with teaching students to define the relationships between
problem elements a;d more concerned with helping them to identify the
logical and chysical assumptions made in the problem statement."
Although the sample size of this study was too small to be reliable,
the results can be used to help some students that are having difficulty
solving verbal problems.,

The preceding research studies were all on topies concerned
with some phase of the relation of a student's problem solving ability
to the different factors which make up his ability in problem solving.
These studies can be very valuable if they are used to correct the

difficulties of the less able student in problem solving,
PROBLEM CONTENT

An examination of problem solving must include research studies
concerning the content of the problem itself. This would include the
vocabulary of the problem, the relation of the problem to the experi-
ences of the student, and the preferences of the student as to the type
of problem he likes to solve, The research given was to determine the
relation between a problem's content and the student's ability to solve

the problen.

Lyda and Church

A study was done by Wesley J. Lyda and Ruby Summers Church to

determine the potency of direct, practical mathematical experiences, as
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distinguished from those activities encounfered only in the classroom,
as a factor in solving realistic verbal "reasoning" problems in arith-
metic.5

The subjects for the experiment were Mrs. Church's fifth grade
class of a Hegro s;hcol in Fort Valley, Georgia. Students were divided
into three groups: average, above average, and below average. The-
average students had an IQ of 90 to 109 on two Group Intelligence Tests,
Arithmetical Computation Grade Equivalent of 5.0 to 5.5, and Reading
Grade Equivalent of 5.0 to 5.5. The above average students had an IQ
of 110 and above, Arithmetical Computation Grade Equivalent of 5.6 and
above, and Reading Grade Equivalent of 5,6 and above., The below average
students had an IQ of 70 to 89, Arithmetical Computation Grade Equivalent
of 3.0 to 5.0, and Reading Grade Equivalent of 3,0 to 5.0, There were
16 average students, 5 above average students, and 8 below average
students.,

This study was designed in terms of three basic assumptions:

1. "Intelligence, arithmetic computation, reading, and direct,
practical experiences in arithmetic, as distinguished from classroom
activities, are presumably conditioning factors in success in solving
realistic verbal 'reasoning' problems,"

2. MHost of the pupils in schools are average in intelligence."

3. '"Textbooks are to be written primarily for the average

student,"

swesley J. Lyda and Ruby Summers Church, "Direct Practical
Arithmetical Experiences and Success in Solving Realistic Verbal
'Reasoning' Problems in Arithmetic," Journal of Educational Research,
57:530-533, July-August, 1964,
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To select the realistic verbal "reasoning" problems to be used
in the experiment, the authors' used Brueckner and Grossnickle's

Standards for Evaluating Problems and considered verbal "reasoning"

problems in each of 11 units of the Row-Peterson text. The researchers
selected a random sample of 150 of the most realistic verbal "reasoning”
precblems, The problems were then submitted to a panel consisting of a
collese instructor in mathematics who was very interested in education,
an instructional supervisor, and a fifth grade teacher, The panel also

used Brueckner and Grossnickle's Standards for Evaluating Problems and

rated the problems as most realistic, realistic, and least realistic.
For a problem to be included in the test it had to be rated most
realistic by two of the three judges. The 25 most realistic verbal
"reasoning" problems were selected in this way,

An arithmetical experience check list was designed to determine
pupil expericnce based upon and parallel to the situations involved in
the group of 25 problems. The pupils were to tell if they had had an
experience often--three times or more, seldom--once or twice, or never--
not at all. Some examples of the types of experiences are:

1. Selling tickets for a school play

2, Buying milk in the classroom or cafeteria

3. Planﬁing a trip to the museum

The 25 problems were divided into series of five tests with five
problems in each test. These tests were given daily for five days; a
maximum time of thirty minutes was-allowed for each test. Some examples
of the problems that relate to the above experiences are:

1. The fifth grade girls sold 235 tickets for their play. The

boys sold 309, How many more tickets did the boys sell than
the girls? How many tickets did they sell together?
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2. The pupils in our room paid $1.68 for milk today. If the pupils
pay 8¢ for each bottle of milk, how many bottles of milk did
they buy?

3. The 75 fifth grade pupils are planning a trip to the museum,

It will cost $18.75 to hire a bus to take them. If each pupil

pays an equal share, how much should each one pay?

In analyzi#g the percentage of average, above average, and below
average pupils who had certain arithmetical experiences, the experi-
menters analyzed the data in terms of experiences in which 75% or more of
the pupils indicated that they had a given experience often, seldom, or
never, Table 1 shows the percent of arithmetical experiences for each
group that were marked often, seldom, or never., For example, the table
shows that 75% of the above average students marked 40% of the experi-

ences often, 12% of the experiences seldom, and 12% of the experiences

never,

Table 1

Arithmetical Experience

Average

Below average

Percent marked

28

20

Percent marked

Group often seldom
Above average 40 12 12

16

12

Percent marked
never

12

16

Table 2 shows the data analyzed on the incidence of arithmetical

experiences and success in problem solving,

Again the data is for 75%

or more of the pupils which marked a given experience as often, seldom,

or never, The table shows the number of problems marked often, seldom,

or never and the percent of students that worked those problems
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correctly.

In terms of the number of problems solved satisfactorily, it was
found that 90% or more of the average group worked 10 or 40% of the
problems correctlﬁ, 90% or more of the above average group worked 9 or
36% of the problegs correctly, and 90% or more of the below average
group worked 3 or 20% of the problems correctly,

In terms of the pupils of the study, the authors based the
following ceonclucions on uniformities that occured throughout the study:

1. All of the students had certain arithmetical experiences
in common.

2, Aezardless of the group, there were pupils who had never had
certain arithmetical experiences.

3. Direct, practical arithmetical experience seems to be a more
potent conditioning factor in success in solving realistic verbal
"reasoning" problems for those pupils in the average and below average
groups than for those pupils in the above average group.

4. The probability of working satisfactorily realistie verbal
"reasoning" problems in which the three groups had not had the corre-
sponding direct, practical arithmetical experiences was greater for the
average group than for the below average group; likewise, it was greater
for the above aveérage than for the average and below average groups
respectively,

5. The below average's difficulties are greatly increased when
they have not had the direct, pracfical arithmetical experiences corre-

sponding to realistic verbal "reasoning" problems.

Bovman
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A study was done by Herbert Lloyd‘Bowman to determine the
relation of general intelligence to types of problems best liked and most
successfully performed by pupils of the junior high school 1evel.6 The
test used consisted of 50 problems arranged in two forms of 25 problems
each. The test was created to measure the preferences of a student and
his performance. - The problems constructed consisted of five types:

(1) problems based upon adult life activities, (2) problems based upon
child life activities, (3) problems whose nature are to be found in the
field of science, (4) problems so stated so as to take on the nature of
a puzzle, and (5) problems of pure computation only, in which the direc-
tions for each procedure were given., There were five prohlemé on each
page with one of each type and each problem on a page was of the same
difficulty. The student was to solve the five problems of a group and
then indicate the one of a group that he liked best,

Three groups were used for the study. OGroup I of 100 students
was made up of the upper quartile of IQ. Group II of 203 students con-
sisted of the middle 50% of IQ. Group III of 110 students was of the
lower quartile of IQ. A comparison of percentages of preference and
performance of all three groups were made and the following conclusions
were reached:

1. ThéLe is less variation in both preference and performance
by pupils of higher intelligence with respect to types of problems than

with lower intelligence.

2. Pupils of lower intelligence prefer problems involving few

6

Herbert Lloyd Bowman, "Reported Preference and Performance in
Problem Solving According to Intelligence Groups," Journal of Educa-
tional Research, 25:295-299, April-ifay, 1932.
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or no complex situations and they perform better on these problems.

3. Pupils of lower intelligence show litfle preference or
ability on problems of a science or puzzle type. This would suggest that
such problems should be constructed on a lower ability level when
presented to pupils of this kind.

4, Pupils of high ability in problem solving and in intelligence
show a comparatively high degree of preference and performance with
respect to problems of scientific tvpe. For this level of student, more
problems of this type might be used to maintain interest.

5. Problens dealing with child life activities seem to be highly
preferred and successfully performed by all pupils of junior high school
grades. If arithmetic problems through their solutions offer to children
means of meeting real needs they become important factors in the edu-
cation of the child.

6. Building interest in problem solving is best accomplished by
having children work problems which are not too difficult and which
represent genuine childhood situations. This is primarily true for those

students who are of average or below average ability.

Travers

Kenneth Travers studied the nature of prefergnces for problem
solving situations--under what circumstances they exist and how they
relate to problem solving success, He did this study because he thought

it might provide much needed information concerning the nature of pupils'

7

Kenneth Travers, "A Test of Pupil Preference for Problem
Solving Situations in Junior High School Mathematics," The Journal of
Experimental Education, 35:9-18, Summer, 1967.
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thought processes as they attempt to solve mathematical problems,

The Test of Choice Behavior in NHumber Situations was devised in

an attempt to identify pupil preferences for problem solving situations.
The test involved three situations: (1) mechanical-scientific, (2)
social-economic, and (3) abstract. The test was designed to yield a
preference score from highest to lowest for each type of situation; a no
preference score was possible., Tifteen pairs of word problems based on
5 topics in junior high sc¢hool mathematics were used. Each pair of
problems consisted of two of the three problem situations and all
possible pairings of the three situations were made for each of the five
topics. The pair of problems involved the same numerical combinations,
used similar style of phrasing, employed the same verbal clues, and had
comparative levels of difficulty of vocabularvy. Each pair of problems
had the same answer,

The student was to read each problem and then cross out the one
he did not want to work, He then worked the remaining problem giving his
solution, His test was scored to determine his preference; his choices
were rated 1, 2, and 3 with 1 being his preference. If he had no pref-
erence, each situation was given a 2.

The test was also scored on the basis of number of correctly
answered problems. A problem was correct if the correct numerical answer
was given, or if it was evident from the pupils work fhat the appropriate
mathematical operation had been applied to the right numbers, After the
test was scored, two ratios were formed. One ratio was the number of
correct answers of the first preference to the number attempted, The
other ratio was the number of correct responses of the other two situ-

ations to the number attempted,
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The experimental sample consisted of 120 male ninth grade mathe-
matics students from each of two high schools in fwo central Illinois
cities. One school was an all boy Catholic school and the other was a
public coed school. Students were taken in equal numbers from college
preparatory and non-college (general) mathematics classes., Each student

was given the Kuder Preference Record-Vocational (KPR-V) and on the basis

of his highest score was placed in one of six interest groups: (1) out-
doors, mechanicalj (2) computational; (3) scientificy; (u4) clericalj; (5)

persuasive, social service; and (6) artistic, literary, musical. There

were 40 students in each group.

The researcher found that 119 of 240 ranked social-economic first
in preference, only 9 of 240 ranked abstract problems first, and 77 of
240 had no preference (2/3 of this group was in college preparatory).
These data suggest that highest preference for either the mechanical-
scientific or social-economic situation related to some extent to the
highest KPR-V interest. The results showed that more abstract problems
were chosen by high achievers than low achievers and more by public
school students than by parochial schocol students. More preference to
types of problems was shown by the low achiever than by the high
achiever.

The problem solving success was analyzed and the number of
students with success ratios greater in the preferred situations than in
the non-preferred situations did not differ from that which would be
expected by chance. .

The study showed that low achievers seemed restricted in the
types of problem situations they felt they could achieve in, High level

students seemed much less restricted, The results from the study implied
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that the high achiever could more readily deal with different situations
of the same mathematical structure, They were perhaps less dependent
than the low achievers upon familiar concrete interpretations of the
problens, and better able to use basic mathematical relatiomships,
properties, and rules of inference.

The study showed some preference for problems in which the
student has an interest. The test also points to the fact that the prob-
lem materials used in the mathematics exercises did make a difference.

The public school teachers were using the UICSM program in
algebra and these teachers were trained in the orogram methods. Even
non-UICSH students were taught by these teachers. The parochial scheol
was more traditional, These differences were detected somewhat in the

problem preferences of the students.

Scott and Lighthall

Scott and Lighthall developed a study to determine the relation-
ship between the content of the verbal problem and the degree of disad-
vantage of the pupil.8 The main purpose of the study was to explore the
possible relationships between high need (HN) and low need (LN) contents
on arithmetic problem solving., For the purposes of the experiment LN
was defined as food and shelter, HN was defined as lqve and belonging-
ness, mastery, education, exploration, and travel., Arithmetic problems
for the experiment were selected to test the influence of need level

content on degree of success in problem solving.

8

Ralph Scott and Frederick F. Lighthall, "Relationship Between
Cont?nt, Sex, Grade, and Degree of Disadvantaged in Arithmetic Problem
Solving," Journal of School Psycholooy, 6:61-67, Fall, 1967,
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The experimenters predicted that skill in arithmetic problem
solving would vary with content level and degree of disadvantage. Advan-
taged would score better_than disadvantaged but this difference would
lessen on problems with LN content. Advantaged would do better on HN
~content problems than on LN content problems and the reverse would be
true of the disadvantaged,

The subiects for the experiment were chosen from two Evanston,
Illincis schools. There were 132 students and they were divided into
three grouns. The three groups were Caucasian advantaged (CA), Hegr§
advantaced (iA), and Negro disadvantaged (3iD), HNA and ND attended the
same school, School personnel determined the degree of disadvantage of
each pupil, Tor the students in the CA and HA group food and shelter
were consistently assured. ND were not certain that they would be pro-
vided with focd and clothing. Subjects were selected randomly after the
degree of disadvantage was determined. IQ ranges and means for each
group are as follows: CA, 84-131, 113.8; NA, 75-133, 100,7; KD, 71-115,
87.8. 1IQ was not considered in the selection of subjects, but since the
1Q's have such a wide range the results cannot be totally reliable,

The authors assumed that the NA group were generally less
advantaged than the CA group. All three groups contained equal numbers
of boys and girls, and of third and fourth graders. There were eleven
students in each of the twelve catagories,

The test consisted of 15 items from the lVew Stanford Arithmetic

Test. They had a maximum grade equivalence of 6.6. Each of the 15
items was expanded into a cluster of 4 problems. In each cluster, 2
problems were HH content and 2 were LN content. In H¥ and LN problems,

digits and languages were equated as much as practicable, The test was
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divided into 2 forms, A and B, each test consisted of 30 problems, two
from each cluster.
The format of the test is illustrated by Cluster 5 with its

scoring.

5. Jim has 3 marbles, Bob has 8 and Bill has 9, If they put them
all together, how many will there be? (HN)

. Tom has 4 pieces of candy, Larry has 6 and Roosevelt has 7. If
they put them all together, how many will there be? (LN)

35. Jack has 3 candy bars, Bill has 8 and Bob has 9. If they put
them all together, how many will there be? (LN)

36, Jim has U4 model airplanes, !elvin has 6 and Joe has 7. If they
put them all together, how many will there be? (HN)

The test was given in April of 1965 to groups of approximately
20 students at a time. The test was given by two white, female, college-
trained administrators. Form A was given, then a five minute rest, and
then from B was given. The subjects were allowed to ask questions if
they nseded help.

The performance of the three groups was coﬁpared by the number
of correct responses on LN content items, number of correct responses on
HH c-ﬁntent items, and the number of total correct responses., The scores
of the tests were compared and as predicted the importance of need level
progressively declined with the increase in the degree of advantage.
These differences, however, were statistically insignificant.

From the results of the test, the researchers concluded that
"age-grade effects, general reasoning ability as measured by IQ tests,
and/or decree of disadvantage are more important in arithmetic problem
solving than the need level represented in item content. A principal
component analysis of the data suggested that factors associated with

the difficulty and the mathematical content of the items, rather than
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the need content, accounted for differences in performance,"

The research concerning problem content showed that there is not
much relation between the content of a problem and the better student's
ability to solve the problem. However, this is not always true of the
average and below average student. An effective teacher can help a
poorer student to achieve success by giving him problems to solve that

he can relate to.
PROBLEM SOLVING PROCESSES

The processes a student uses to solve verbal problems can give
the teacher much information on helping the student to improve his
abilities. The research studies in this section examine some processes
students use and how they relate to the student's problem solving

ability and the improvement of his ability,

Russell and Holmes

A study was conducted by Russell and Holmes to compare the
effects of practice in various types of reading in algebra with the
effects of spending the same amount of time actually solving verbal
problems.g The purpose of the experiment was divided into three parts:
(1) to compare the effects of more practice in solving problems with the
effects of instruction in reading to interpret a problem, reading to
recognize algebraic symbolism, algebraic vocabulary, and general mathe-

matical reading; (2) to find the improvement in general reading ability

g

David H. Russell and F. Melville Holmes, "An Experimental Com-
parison of Alpebraic Reading Practice and the Solving of Additieonal
Verbal Problems in Tenth Grade Algebra," Mathematics Teacher, 34:347-
352, December, 1941,
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and algebraic reading ability as a result of the instruction given; and
(3) to find out which sex group benefits more in the reading instruction
in regard to both algebra ability and reading ability.

The subjects for the experiment were four of the five tenth
grade classes of Bedford Road Collegiate, Saskatoon, Saskatchewan. All
classes were taught by the same teacher for 24 lesson periods of 35
minutes each during January and February 1940, Materials consisted of
solution of verbal problems using simultaneous linear equations. The
experinental and control groups were matched on the basis of four tests:

(1) mental ages from Laylock Test of Mental Ability, (2) an Algebra

Problems Test constructed by the authors, (3) reading scores on the

Thorndike-}cCall Reading Test, and (4) an Algebra Reading Test. Ninety-

nine subjects were used in the experiment.
The daily lesson for both groups was 35 minutes. In the control
group, the entire period was used for the solution of verbal problems;
no change in classrocm procedure was made. In the experimental group,
the first 15 minutes was spent using a mimeographed sheet on reading
exercises. The first 8 minutes of the period was used to read and answer
the exercises. Seven minutes was then allowed for correction and discus-
sion of the exercises. The remaining 20 minutes was spent doing the same
problems as the control group insofar as time permitted. No work was
allowed outside of school by either group.
A few examples of the exercises and their directions are given,
Reading Exercise 6
Hany of the mistakes made in solving algebraic problems are due
to the fact that symbols and words commonly used in problems are not
understood, or are not properly interpreted in the problem. In each

of the following problems the answer(s) to the question is to be
underlined. Each question involves some word or symbol which you
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should know in order to read problems successfully.

1.

In the following list of algebraic terms underline two which are
like terms and circle two which are unlike terms,

2
3ab?, 3ab, 7a, 5ab, 7ab

¥hich of the following expressions is the "quotient of three
times a number and the product of two other numbers"?

3a + be, 3a/be, 3a(be)

feading Ixercise 22

Following each of the given problems are four answers to the

problem, one of which is correct. In each case circle the answer
which you would estimate to be most correct. Carefully study the
problen before making your sstimate but do not solve the problem,
8imply mark the answer which seems most reasonable.

A,

lems,

tlow many years must $850 be invested at 5% simple interest in
order to yield $255?

(1) 20 years (2) 5 years (3) 2 years (4) 12 years
Find two consecutive even numbers whose squares differ by 52.
(1) 52, 54 (2) 5, 8 (3) 100, 102 (4) 16, 14

The procedure was the same for both groups and was one of indi=-

vidual practice. Students were allowed to discuss difficulties among
themselves and common difficulties were presented for class discussion.
Each type of problem was introduced with an explanation of general
methods of attack. The types of problems were: business, number and

digit, mixture, measurement, age, and work.

The initial and final tests were the same consisting of 16 prob-

The experimental group showed more gain than the control group on
algebra readinz. The test results showed that there was no reliable

difference between reading practice and solving more problems on ability
to solve verbal problems. An unreliably small but consistent difference

was shown in favor of the group which did more problems. This was as
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true of complete sclutions as of deriving equations only. A comparison
of bov's and girl's scores, showed no reliable differences in them in
either groun. However, the girls seemed to gain slightly more than the
boys in the control group {1/2 question in 16) and boys gained slightly
more than girls in the experimental group (1 question in 15),

The authors felt that the "only reliable result is that
instruction in the reading of algebra is reliable in itself. This test
imnlies that some more important factor or factors, other than reading
ability, exist which influence the ability to solve problems."

The progress of both groups was satisfactory. The interest of
students and enjovment of work seemed greater for the experimental group.
Time was controlled in this study, in actual practice extra help in how
to read could be given in study periods or at home and then time would
not be used in class which could be given to practice in solving verbal

problems,

Lueck

An experiment to determine if an emphasis on the fundamental
concepts in teaching the writing of equations is worthwhile was done by
William R. Lueck,1®

The subjects for the experiment were from four classes of ele-
mentarv algebra ranging in size from 15 to 25. There were two classes
for each groun. The experimental group was taught the fundamental con-

cepts for writing equations. After studying algebra for a given time,

all students were given a test containing items in algebraic repre-

10yi11iam =, Lueck, "An Experiment in Writing Algebraic

Equations," Journal of Educational Research, 39:292-295, October, 1948,
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sentation and forming equations from problems., The scores from this test
cerved as a basis for matching the control and experimental group. At
the conclusion of the instructional perioed, all pupils were given a
final test. The initial and final scores were then compared and changes
noted,

The usual achievement test could not be used for the initial
test Dbecause they contained too much material that was not directly
concerned with forming equations. The experimenter developed a test
which was to measure the pupils ability to write equations for given
preblens, There were 20 items in the test. Before the initial test was
given, the pupils were taught eight weeks or until they reached a pre-
determined page. This instruction was necessary so they would under-
stand what was meant by writing an equation, and given examples of how
to write them. The test was arranged in two parts of approximately
equal difficulty and was administered on two separate days, At no time
were two students sitting at adjacent desks working the same test. The
total testing time was U6 minutes.

The investigator attempted to keep instruction uniform in all
classes prior to the test, Class time was divided in half for all
classes; first half for instruction and second half for working on
assignments with teacher supervision.

After the initial test, the procedure was observed with the con-
trol group, but with the two experimental classes the teaching procedure
was changed every time a new series of problems was encountered, To this
group the instructor explained that "in the statement of an algebra prob-
lem is embodied a fundamental fact in varying degrees of obscurity which

must be discovered by the pupil before an equatian could be written."
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Examnles were given to show the use of this concept in forming equations,
Aftzr this instruction, the pupils in the experimental group were
recuired to write z short statement of this fundamental fact at the
bezinnins of each solution to a precblem. ©On a number of occasions the
pupils were shown that the same basic idea was contained in several
aprarently different problems., The instructor occasionally found it
neczssary to assist the slower students in finding the basic ideas.

The instructional procedure continued until 10 days before the
close of the school year. Both groups went through the usual year end
reviaw for both problem solving and in the mechanical phases of algebra.
In the problem solving phase, 45 problems were given to be solved and
discussed that covered the years work,

The final test consisted of 52 problems for which the pupil—was
only to write the equation. The test questions were of 26 different
types found in recently published textbooks with 2 problems of each type.
The test was given in 2 parts taking 2 days with a total of 45 minutes
testing time, The student was asked to write only the equation so that
the tést would measure only his ability to write equations rather than
his manipu ative skills.

The arithmetical mean on the final test for the experimental
group was 17.72 and that of the control group was 14,84, Fifty-five
percent of the experimental group liked to find and write fundamental
ideas. Torty-five percent of this group did not like to write the funda-
mental ideas or declined to answer., Ninety-five percent of the experi-
mental group said the method of finding and discussing the idea made the
writing of equations and solving easier., Superior students in the

experimental group showed a greater gain over thedir match than did the
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The following conclusions were given by the experimenter:

1. "In teaching the forming of equations in elementary algebra
an emphasis on the fundamental concepts required in the process yielded
better results than a lack of such emphasis."

2. '"The method under consideration proved considerably more
effective with the more capable students,"

3. "In the opinion of the pupils the procedure used with the
experimental group was helpful in solving problems."

4. "Because of the limited size of the samples used in this
study, zeneralizations are hazardous. The differences in performance
between the experimental and control groups could be accounted for by
chance factors. However, considerable confidence may be placed in the

assertion that a real difference exists,"

Hawkins

George E. Hawkins made a study to determine the effectiveness of
considerable practice devised to help develop problem solving abilities.l1
With pupils in one section of an algebra class exercises giving specific
practice in translating the English expressions into algebraic symbols and
in analyzing problems were used.

Two groups were used for the study and on the basis of standard-
ized tests given no group seemed to have an advantage over the other.
The stucdents had had practically no experience in solving verbal problems

algebraically other than putting information in formulas. The students

11
Georwe E. Hawkins, "Teaching Verbal Problems in First Year

Algebra," School Science and Mathematics, 32:655-660, June, 1932.
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had had censiderable practice in putting English phrases into algebraic
symbols. The students were working on verbal problems in chapters on
simple, simultaneous, and quadratic equations,

The control group had only instruction from the teacher and then
did acsizned problenms getting additional help from illustrated examples
in the text. The experimental group were assigned the same problems but
wers civen additional practice material especially prepared to give
practice in symbolic notaticn and aid in analyzing the problems. About
10 minutes per day was given on these exercises, 5 minutes for writing
answers and 5 minutes for discussion., These pupils seemed to have less
difficulty with the assigned problems in the text and they were able to
do the same amount of work in the same length of time.

A test was given before each group began work on simple equations
and again after they had completed the unit on quadratic equations. This
test consisted of 12 verbal problems in which the students were asked to
form the equation needed in the solution of the problem, but they were
not to solve the equation. On the pretest the average and median scores
of both groups were the same, but on the final test the average and
median scores of the experimental group were each higher than those of
the control group. From this it seemed that the additional practice
given one group had a favorable influence on their improvement in
ability to form equations in the solution of verbal problems.

Also a test of 17 exercises in translating English expressions
into algebraic symbols was given at the end of work on verbal problems.
On this test the average and median scores were the same for both groups.
Since both groups had sufficient practice to put English into algebraic

symbols their scores were the same on this test. .The experimental group
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did better on the 12 exercises since they had had more practice in ana-
lyzing and were specifically trained for this.

"The study as a whole," stated Hawkins, "seems to confirm the
belief that considerable practice in problem analysis is an aid to the
pupil in solving verbal problems. Exercises in which problems are ana-
lyzed or partially analvzed for the pupil distributed through the lists
of virbal preoblens make progress less difficult for the pupil, furnish
him with a technigue of procedure, are an aid in helping him to attack
other problems, and as a result, enable him to solve verbal problems
mors successfully after the assigned work is completed.”

In the preceding three research studies some type of extra
practice was given to the students in an effort to increase their prob-
lem solving abilities. Tor some students this practice was not greatly
beneficial, however for some students it can be of great help. The
teacher must use skill to determine which students should receive extra
practice and in what manner. Extra practice given incorrectly could

seem more of a punishment than a help.
SUMMARY

This chapter was a review of some of the research that has been
done concerning the abilities of students to solve verbal problems. The
first section of the chapter was research on problem solving abilities of
students. A study by Stevens was reviewed which showed that for some
students the ability to analyze problems correctly was a large factor in
their ability to solve verbal problems correctly. A study by Tate and
Stanier showed that good problem solvers are able to look at verbal

problens more objectively than poor problem solvers, The poor problenm
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solver is more apt to make decisions on the basis of what he believes is
true rather than on the implications presented in the problem. A study
by Alexander was given which analyzed the characteristic differences
between high and low achievers in verbal problem solving. From these
differences, Alexander gave suggestions that can be used by teachers as
guides in planning problem solving instruction. The last study given in
the section was by Kennedy, Eliot, and Krulee. The study examined the
processes used by students in solving verbal problems. They found that
the student's greatest difficulty was in defining logical and physical
assunctions made in the problem.

The second type of research studied was on the content of the
verbal problem, Lyda and Church found in their study that some average
and below average students were more likely to have success on problems
containing experiences they have had. The study bv Bowman showed that
the poorer student preferred problems involving few or no complex situ-
ations. On the other hand, pupils of higher intelligence preferred
problems of the scientific type., The study of Travers that was reviewed
was also concerned with the pupil’s performance and his preference on
types of verbal problems. This study showed that poor problem solvers
felt restricted in the types of problems they could solve while the
better problem solvers were less dependent upon familiar concrete
interpretations of the problems, The study reviewed by Scott and
Lighthall showed that factors associated with the difficulty and mathe-
matical content of the exercise was more of a factor in the ability to
solve problems than was the need content of the problem,

The last type of research reviewed was on the problem solving

processes of the student., The study by Russell and Holmes showed that
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for some students practice in solving verbal problems was as beneficial
as practice in various types of reading in algebra and solving less
problems, The study reviewed by Lueck found that having students find
the fundamental idea contained in a problem helped them to solve the
problem. The last study reviewed was by Hawkins. He concluded that
considerable practice in problem analysis does aid the student in

solving verbal problems.



Chapter 3
MIOTHODS OF TREATING STUDENT DIFFICULTIES

Student difficulties in verbal problem solving can be classified
in threa broad catagories: (1) inability to determine the meaning of
2 oroblam, (2) inability to determine the necessary prbcedure for
solving the problem, and (3) inability to do the computations required
to solve the prceblem, For each student who is having difficulties in
solvinz verbal problems, the causes of his difficulties must be deter-
mined and effective technigues be applied to improve the pupil's ability.

Just as no one difficulty is common for all students, no one
remedr is right for the same difficulty. Each pupil is an individual;
thereforc, methods of help may vary for each pupil. Notice must be
taken of the extreme variation in abilities, mo‘l:iv.es, interests, and
home environment. After a pupil's difficulty is determined, a method
of remedy should be given. If this remedy fails then another should be
given. This process must be continued until the student has overcome
his particular difficulty. The teacher should never decide a student

is "hopeless"; the student needs success.
DETERHMINING DIFFICULTIES

Before a teacher can help a student overcome his difficulties,
he must know what difficulties the student is having. The student him-
self might know where his trouble is, but otherwise the teacher must
take steps to determine the difficulty.

36
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A method of analyzing difficulties is to have pupils follow a
planned secuence of steps in solving verbal problems. His work for each
step should be carefully put down on paper. In this way, the teacher
can see where the student's trouble first begins on each problem, If
the student is coﬁsistently having trouble at any particular step, this
step would be a good place to start on improving the student's ability.

Another methed would be to meet with each student alone to
discuss the verbal problems and his reasons for the answers he obtained.
Through this conference, if pertinent questions are asked, the teacher

can determinz the student's difficulty.
PROBLEN HEAHING

For some students, the inability to understand the meaning of
the verbal oroblem may be his basic difficulty in solving these problems.
The inability to understand the meaning of verbal problems may be due
to an inability to read well in any subjectﬁ In such cases a planned
program of remedial reading should be used. M4eanwhile, the student still
needs to learn to solve éerbal problems. A method of bypassing the
reading difficulty is to record the problems to be worked on tape. A
type of recorder which the student can easily stop and go back to any
problem and one with headsets usually works best, If possible, each
student with a reading problem should be able to use the tape alone
since a group of students will not all work at the same rate.

Many students who are excellent readers have trouble under-
standing the meaning of verbal problems. Perhaps this difficulty is
due to the pressure of other teachers on students to read faster and

learn to skim material. Reading in mathematics is one time skimning is
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to be forbidden., Verbal problems are written concisely and each indi-
vidual werd usually has its place and is not to be skimmed over., The
meaning of a verbal problem can be obtained only with careful reading.
For the student who reads well but still does not understand the meaning,
the teacher nust iﬁpress upon him the necessity for slow and careful
reading,
Students who can read most problems with understanding may find
a problen for which they can not understand the meaning. This difficulty
might be caused by the terminology or vocabulary in the problem. Con-
sider the following verbal problem:
4 submarine left a surface ship and cruised due south at a
constant rate of 28 knots., If the surface ship started off at
the same time on a course due north at a constant rate of 22
knots,lin how many hours will the ships be 125 nautical miles
apart?
This problem might give a student no difficulty if it were two cars going
opposite directions in rates given in miles per hour and a distance apart
given in miles, but a student can be so confused over the meaning of
knots and nautical miles that he can not understand the problem. The
teacher must review each problem in advance to determine if there will
be vocabulary problems. Any words which could cause difficulty should
be discussed before the students begin their work on an assignment.
Although-reading ability is important, the study by Steven32

showed that general reading ability is not as closely correlated to

problem solving ability as are other factors. However, a student may

1Mary P. Doleiani and William Wooton, Hodern Algebra, Structure
and Method, Book One (rev. ed.; Boston: Houghton Mifflin Co., 1970),
p. 188,

2
Stevens, loec. cit.
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have a good general reading ability but a ﬁoor mathematical reading
ability. The research by Russell and Holme33 on the effects of practice
in reading in algebra shows that the students as a whole did not solve
problems better aé a result of their algebra reading practice. The

study did show tha% the practice did improve their ability to read
algebraic precblems. A student cannot solve a problem unless he is first
able to read it with understanding., For the student whose difficulty
lies in his irability to read verbal problems, practice in mathematical
reading would be most beneficial, Students are practicing verbal problem
reading if problems are read orally and discussed in class, The day that
a nev secticn of verbal problems are to be assigned, part of the class
period could be spent reading the problems and discussing them, If the
teacher feels that all students do not need this reading practice, the
class could be divided in groups where part are working on their
assignment individually and others are discussing problem meanings.

If oral practice is not given in class, when a student asks the
usual question "I just don't get this", the teacher should first have the
student read the problem aloud. If this reading does not help, the
student should then try to restate the problem in his. own words. If the
student is unable to restate the problem or still cannot grasp the
meaning, the teacher should ask leading questions until the student
thoroughly understands the situation. Under no circumstances should the
teacher tell the student the meaning of the problem. The student must
learn to discover processes to find meanings in order to cope with prob-

lems outside his mathematics class.

3Russell and Holmes, loc, cit,
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For the student who needs extra practice in reading verbal prob-
lems, exercises can be developed which do not ask the nupil to solve
roblens but read and make decisions concerning their reading. One
example of this type of exercise would be the exercises developed by

4 « . .

Russell and Holmes for use in their experiment. Another method of
mathematical reading practice is to give the student a passage to read
that contains cuantitative materials. After this passage has been read,
the student will then answer a group of questions. Following is an
example of this tvoe of exercise:

The —rcoeller of a modern air transnort travelling 300 m,p.h.
revolves =t approximately 2,150 r.p.m. And on a trip between
San francisco and ilew York the propeller will revolve 1,109,000
times; but bafore the propeller had reached one billion revolutions
900-0dd trips between these two cities would be required.

To revolve 72 billion times, or the equivalent number of dollars
in the new (federal) budget, the airplane would have to circle the
earth approximately 6,500 times.

Perhaps the example would be even more forceful in the calcu-
lation that this same airplane in traveling 300 m.p.h. would re-
quire 63 years ofsconstant flving to equal 72 billicn revolutions
of the propeller.

Pupils answered the following questions by reference to the article:

1. About how many revolutions does the propeller on a modern air
transport make per minute?

2, About how fast do these airplanes travel?

3. The number 1,109,000 is the number of times that .

4., How many-trips between San Francisco and Hew York would the
airplane make before its propeller revolved 1 billion times?

5. In circling the earth 6,500 times, the propeller would revolve
72 billion times, which is equal to the number of dollars

L
Russell and Holmes, ob,., cit., pp. 349-350.

5 . . . 5

John L. Harks, C. Richard Purdy, and Lucien B. Kinney, Teaching
Arithmetic for Understanding (New York: McGraw-Hill Book Co., Inc.,
1958), p. 317.
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6., How mapy years would it take the plane to circle the earth 6,500
times?

Marks states that "... solution of any problem depends on

mastery of appropriate vocabulary and knowledge of the elements of the
situation.“7 The experiments conducted by Scott and Lighthall,8 Lyda and
Church,g and Alexanderld.support this statement for some students (espe-
cially those who are considered average and below in ability). This view
gives insight intc the content of problems to be assigned or to the pro-
grams devised fo orepare a student for certain types of problems.

For a slow student, the teacher must be careful of the difficulty
of problems that are assigned. A student who is faced with a task of
difficult problems and does not have the ablility for this has no chance
even if he tries. This student would gain more if given problems which
he could successfully sclve; if he gains confidence in himself he will
be ready to try a harder set of protlems.

If a student is having difficulty working problems on a topic,
problems which relate to experience which the student has had or to
interests he has had may encourage him to try harder to solve them.
Problems of this type will have "meaning" to the student. This would be
especially true for a general mathematiecs class, Proﬁlems can be found
to illustrate the same concept and yet fit the experiences and interests

of many different students,

, 11 12 < 2 ;
Bovman and Travers found in their studies that some students

S1pia, 7Ibid., p. 31l.
8 . ' .
Scott and Lighthall, loec. cit. gLyda and Church, loec., cit,
0 - . 11 .
Alexander, loc. cit. Bovman, loc. cit,

2 ;
Travers, loc, cit,
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perform better on those problems for whichAthey have a preference. Per-
haps these students do better on those tasks that they like, but perhaps
they perform better because they can understand the meaning of those
problems which they like. Students cannot go through life doing only
what they like, bué maybe it wouldn't hurt them to get their choice
every now and then, One way of letting them choose the problems they
prefer would be to give a large group of verbal problems and allow the
students to cncose problems they want to work. The group of problems
could be concarned with the same topic so even though the students were
choosing their own problems they would not lack practice in any concept.

Hany students have the ability to understand verbal problems but
don't care to try. For these students the method of correction must be
a motivational force. Letting the students choose their problems to
work would be one possible type of motivation. It was discussed earligr
that many students do better when problems concern their experiences;
however, many students may be bored with this type of exercise., For
these sfudents problems must be put in some other form. They might be
more motivated to work problems of a puzzle type or problems-written in a
humorous form,

Field trips, where applicable, can be a good motivaticnal force.
Many topics in general mathematics can be more interesting if the stu-
dents could see first hand the development of some of the problems they
are working. The teacher must be careful in planning field trips to be

sure that they intensify the material to be studied,
PROBLEY SOLVING PROCEDURES

After a student understands the problem he is working, he must be
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able to apply some type of procedure in wofking the problem, Perhaps
the best way for most students to begin is to have a systematic approach
for analyzing and solving a verbal problen.
One serie§ of steps that can be used in verbal problem solving is

given by Lucien B.’Kinney:l3 |

1. Carefully read the problem to understand itsrmeaning

2. Decide what is needed to solve the problem

3. Look for any hidden questions

4, Select a process to use

5. Make an estimate to decide on a reasonable answer

6., Perform computations

7. Check the final answer for its reasonableness by comparing
to step 5

Research has shown that no cne sequence of steps is any better than
others; sc, if a sequence is ziven in the textbook the student is using,
it would be practical to use that sequence. A series such as this may
not always be necessary; but, for a student who has no idea where to
begin, a series can lead him through a pfoblem to a solution. Each stu-
dent should be encouraged to modify a series of steps for his own personal
use., Students should not be forced to follow any givén pattern; an
intuitive pupil may be stifled in this way.

For many students steps 2 and 3 in the given series may be their
first downfall. Some problems give more information than is needed to
solve the problem; the sfudent must learn to choose the data that is

necessary for solving the problem. In other problems all the needed

3 ” . s P
l Lucien B. Kinney, "Developing Ability to Solve Problems,"
Mathematics Teacher, 52:290-294, April, 1959,
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information is not specifically given; the student must find the hidden

question to decide how some of the data can be combined to solve the

14 showed that

problem as it is stated. The study by Tate and Stanier
poor students may tend to find an answer with the data given even if
there is not enouéﬁ or all the data is not necessary. For pupils that
have difficulties on these steps the teacher should give supplementary
exercises which concentrate on extra data and insufficient data.
Exercises can be uritten which give numbers that are not needed to solve
the problem and the student could be asked to find the unnecessary num-
bers, Likewis=, exercises could be written which do not give all the
data that wou:ld be required to solve the problem. The student would be
asked to tell what must be known in erder to solve the problem. With
practice, the student can develop skill in omitting extraneous material
and decidins what data must be found.

Perhaps the greatest difficulty students have in problem solving
is to select the correct process to use in solving verbal problems,
Students must be taught to recognize that certain words imply the oper-
ation to be used; for example, more or greater imply that addition is to
be used. The students must also be taught to recognize the logical or
physical inferences needed to solve the problem.l5 The student must
have practice in“using such relations as rate x time = distance and
length x width = area of a rectangle. If the student does not have this
background knowledge he will be unable to find the correct procedure to

use in solving a verbal problem invelving logical or physical inferences.

L . %
Tate and Stanier, loc. cit.

—

5 ;
Kennedy, Eliot, and Krulee, loc., cit.
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Inability to find a process to use in solving a verbal problem
might be caused by a student's inability to put the English sentences

17

. . . 6 3
into mathematical sentences. Eoth Hawklnsl and Lueck found evidence

that practice in writing algebraic equations could help the student
salve verial prabiens.

One methed of practice in translating English words to algebraic
notation is to give exercises that deal only with this phase of problem
solving. Practice translating algebraic symbols to words also gives
prectice in the reverse. Students could be given an equation such as
2¥ + 3 = 15 and be asked to write a problem to fit it. Katherine
O‘Brien18 suijzests to aid a student in writing an equation by having him
draw a vertical line down his paper and have him write phrases on the
left and their algebraic equivalent on the right. When all phrases have
been written the student should be able to combine them into an equation.
A student can be encourazed to find the correct equation for a verbal
problem if he is given credit for writing a correct equation even if his
numerical answer is incorrect,

Another aid in finding the correct process is for students to
make a table or diagram describing the problem, Consider the following
example:

Ur. Jones left Elmsville at 8:00 A.M. one morning and drove to

Bond City at a constant rate of 50 miles per hour. At 10:00 A.M.
the same day, Sgt. Holliday of the Highway Patrol left Elmsville.

Following the same route, he arrived in Bond City at the same time
as Hr. Jones. If both men arrived in Bond City at 3:00 P.M., at

16 ;

Hawkins, loc. cit,
17

Lueck, loc. cit.

Katherine E. O'Brien, "Problem-Solving," Mathematics Teacher,
49:79-86, Iebruary, 1956.
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. : 1
what constant rate had Sgt. Holliday traveled?

Elmsville \IU Bond City
[ |
d
8:00 A.I. 7(50)
3:00 P.M.
10:00 A, 5x
Figure 1

Diasram of a Problem

Mr. Jones 50 7 350

Sgt., Hollidav i x 5 5x

Distance of

Distance of

Hr. Jones Sgt. Holliday
350 = b5x
Figure 2

Table Illustrating a Problem

Through a graphic scheme of the types illustrated the student can iden-
tify the elements of the problem and formulate an explicit statement of
their relations to each other. They must be cautioned that there are

problems that have information that will not fit in a box. The student

must not try to arrange the data to "fit".

9Dolciani, op. cit., p. 189,
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For some students who find verbal problem solving difficult
because they cannot define the procedure to use, "how would you find"
type questions can help them determine procedures without doing com-
putations. Following is one example of this type of question:

John can ride his bicycle at a constant rate of 3 miles per hour.

If he rides to Bill's house which is 9 miles away, how would you find
how long it takes John to get to Bill's house?
After reading the problem, the student would describe the process he
would use to ansiwrer the question,

In some cases when a student is having difficulty determining the
procedure to use for a problem that has large numbers or difficult termi-
nology, the problem could be restated using smaller numbers or a simpler
problem could be given that uses the same relationships.

No matter what method is used to aid a student in finding the
correct procedure, he must not be allowed to rely completely on one
method., Vhen he has a problem that dees not follow the usudl method
he should be able to use an alternate method to solve the problem,

Another factor ﬁhich may help students solve verbal problems is
adequate time, Problem solving cannot be rushed, Time must be allowed
for the student to develop his abilities in problem solving, Also a
teacher must not expect the same amount of work from all students. The
above average students should be required to do more problems than the
slower student.

The abilities of students to solve verbal problems can be
increased if students are allowed to discuss the problems among them-
selves. A student will understand material better if he can explain it

to another student.
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COMPUTATION

Althouzh the major emphasis in problenm solving is to correctly
analyze a problem and write an equation to solve it, no problem is
totally correct unless the numerical answer is correct, The problems a
student encounters in life outside of school will not want processes but
answers., If the difficulty in problem solving of a student is in esti-
mation or computation, then he needs drill problems in these areas. This
report will not cite examples for correcting these difficulties since
many books can be found which offer exercises on estimating and com-

putation.
SUMHARY

In this chapter the review of research and literature was applied
to improvement of student abilities. Methods of determining student
difficulties in order to apply proper methods of treatment were given,
Methods were discussed which could help the student better understand the
meaning of the problem. These methods were for improvement of mathe-
matical reading, content of the problem, and student motivation.

The second type of improvement methods discusséd were those
involving the progedures used by the students in solving verbal problems.
These methods beg;n with the use of a systematic series of steps to be
used by the student in analyzing the problem. Methods were then discussed
to aid the student in improving his abilities for any step of the series
on which he was having difficulty.

Computation was given as a major difficulty of students in

solving verbal problems, but no methods of improvement were discussed.
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Improving the ability of students to solvé verbal problems is a
major emphasis of mathematics teachers today., This emphasis is necessary
for the student's abilities in the mathematics classroom and other class-
rooms as well as for the life situations he will encounter outside of
school. The purpose of this report was to examine research and litera-
ture concerning verbal problem solving and to relate them to the
improvement of student abilities,

Three areas of research and literature were examined: (1) stu-
dent problem seolving abilities--examining the relationship between a
student's success in problem solving and other characteristics of his
thinkinz and personality, (2) problem content--how the content of the
problem is related to a student's ability to solve it, and (3) problem
solving proccsses--studies of the processes used by students to solve
verbal problems and how these processes could be improved,

The research and literature were used to develop methods for the
treatment of student difficulties in three areas. Those areas were:

(1) inability to determine the meaning of the problem, (2) inability to
determine the necessary procedure for solving the problem, and (3)
inability to do the computations required to solve the problem. For each

area, difficulties were defined and methods of improvement were discussed.



