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CHAPTER I
THE DEMINITION OF THE PROBLEM
Introductory Statement

Problem solving in arithmetic, dealing with a wide range of
situations, is a vital part of the arithmetical growth of elementary
school pupils. In solving arithmetic problems, pupils must summon from
previous background experiences those experiences which apply and must
utilize them in such manner as to produce a correct solution., & pupil's
arithmetical success depends to a great degree upon the way he goes
about doing this. Children, however, do not have equivalent experiential
backerounds for problem solving. Some homes offer repeated arithmetical
opportunities and responsibilities, while others provide little chance
for such development. Such envirommental differences, together with
veriations in intellectual ability, teaching methods, and other school
experiences, have resulted in a considereble range in the abilities of
pupils to solve problems in arithmetic.

Teachers of arithmetic have long been aware of these differences,
and they have sought in many ways to isolate and study their origins and
effects. They have used standardized tests to survey pupils' problem=-
solving efficiency, diagnostic tests to determine specific capabilities
and deficiencies, reading tests, vocabulary tests, and tests measuring
computational skills. While all of these measures h&ve in one way or
another been productive of better understanding of the arithmetical
processes employed by pupils, teachers have been puzzled for many years

about exactly what a pupil does wnen he solves a problem. In other
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words the question is: What are the problem solving procedures which

precede, accompany and follow the solution of an arithmetic problem?
The Purpose of the Study

The purpose of this study is to investigate the characteristics
of the procedures of good and poor problem solvers while they are engaged
in solving verbal problems in arithmetic. Specifically, this study
attempts to isolate and describe these characteristics of procedure of
good and poor sixth grade problem solvers wiich show evidence of
thoughtful and meaningzful understanding, as well as those which show
adherence to purely mechanical manipulation, sheer guesswork, or trial
and error. These characteristics include:

1. Insight as a factor in developing thoughtful and meaningful
understaending.

2+ Thinking processes of pupils as they selected a method,
followed it through, and evaluated the results.

3. DNumber relationships and computational skills employed by

pupils in associating number ideas with the problem situation.

The Significance of the Study

nn

This study outlines for teachers of arithmetic hitherto
unreported informetion about the characteristic procedures of zood and
poor problem solvers, and it also suggests a technique that may be
employed by teachers in furthering their own study of individual pupil

performences in erithmetic problem solvinge. Group techniques oi studying

pupils' problem solving procedures have not been effective in isolating
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individual behavior ior determining exactly what pupils do when they
solve arithmetic problems. Only through individual diagnostic interview
techniques can the actual understanding, thought processes, and number
relationships which function during problem solving be observed. Once
isolated, the individual behavior can be studied in relation to the
manner in which the problem solving procedures affect a pupil's success
in problem solving.

The contribution of this study is, therefore, twofolds It
introduces additional evidence of the behavior of pupils while solving
arithmetic problems, and it suggests a method of securing additional

information shout this subject.
Definition of Terms

In this study certain terms have been used in such manner that
definition seems advisable. "Good and poor problem solvers! are two
groups of pupils selected froﬁ the upper and from the lower twenty-seven
percent of the sixth grade pupils from six elementary schools in the
city of Cincinnati, Ohio. These groups were selected by means of a
stendardized test in arithmetic problem solving. A good probhlem solver
is one who made a score in the upper twenty-seven percent of all the
pupils tested. Similarly, a poor problem solver is one who made a score
in the lower twenty-seven percent of all the pupils tested. "Problems
in arithmetic” is a term which refers to the eight selected werbal
problems prepared fo; use in the investigation. The term "sixth grade
arithmetic," as used in this study, refers to the general subject matter

content of arithmetic as it is taught at the sixth grade level in the
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public schools.
Scope of the Study

Any study must of necessity be limited in scope. Obviously, the
investigation could not include arithmetic problem solving at all grade
levels., This study, therefore, is confined only to problem solving in
sixth grade arithmetic. Verbal arithmetic problems at the sixth grade
level include a wide range of computational abilities and reasoning
processes. The conclusions of this study are derived from the performance
of good and poor problem solvers in the solution of eight representative
verbal problems. These problems of one and two-step complexity involve
only whole numbers and utilize the four basic skills in computation:
namely, addition, subtraction, multiplication, and divieion.

The aspects of problem-solving behavior are numerous and diverse.
Two characteristics, however, are readily observed. One is that of
thoughtful and meaningful understanding; the other is mechanical and
almost purposeless attacke. This study will describe those activities of
good and poor problem solvers in arithmetic which show evidence of thought-
ful and meeningful understanding as well as those w?ich show adherence to

purely mechanical manipulation, sheer guesswork, or trial and error.
Sources of Data

Data for this study have been obtzined from tasts, personsl
observations, tape recordings, and written responses made by pupils on
individual work sheets. Specifically, these sources are:

1. The Iowa Every Pupil Test of Basic Skills, Test D: Basic
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Arithmetic Test, Form C, a standardized test, furnished the initial

data for selecting good and poor problem solvers.

2. Dvidence of meaningfvl understanding, mechanical manipula-
tion, guesswork, or trial and error was provided by the eight problems
with were formulated by the investigator.

3. Tape recordings of the vocalizations of the pupils while
they were engaged in reading the problems, solving them, and evaluating
their answers supplied the basis for interpreting the orsl reactions of
the problem solvers.

e Pencil and paper solutions on the individual work sheets
used by the pupils provided additional evidence of thought processes
and mechanical activity.

5. DNotes taken during the interview were useful in the recall
of emotional behavior, physical reaction, and the extra computational

aids used by the pupils.
Methods of Research

The basic method of research used in this study was the modified
case~-study method. Individual pupils were studied through a systematic
observational technique designed to localize and record each pupil's
reaction during his attempts at problem solving. Total patterns of
behavior were surveyed and the observed behavior, written, spoken,
physical and emotional, of the good and poor problem solvers was evaluated
and classified. Anecdotal excerpts from individval case studies were
used in support of the evidence derived from the survey of total behavior

patterns.
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Organization of the Dissertation

This dissertation presents a report of the observed character-
istics of procedure of good and poor problem solvers in working eight
selected problems in sixth grade arithmetic. In Chapter I the problem
is defined, with specific reference to the purpose and significance of
the study, definition of terms, scope of the study, sources of data and
methods of research. In Chapter II the contributions made by related
studies are enumerated. Chapter III outlines the hyvpothesis upon which
the study is based, the considerations relating to this hypothesis, the
preliminary investigetions in establishing the procedures, and the steps
followed in conducting the study. Chapters IV, V, and VI, respectively,
describe the results of the investigation as they apply to each of the
three general types of procedure being investigated. The summary of the
study, conclusions, recormendations for further research and the implica~-

tions for teachers appear in Chapter VII.
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CHAPTER IT
A SURVEY OF THE RELATED LITERATURE
The Purpose of the Chapter

The nature of problem solving has received the attention of a
number of writers in the field of arithmetic. The observations and con~
clusions of these writers have emphasized not only the importance of
problem solving as an arithmetical accomplishment, but also the signifi=-
cance oi specific skills and procedures in attaining competence in
arithmetic prooblem solving. The literature in these areas is voluminous,
but not all of it was pertinent to the purpose of this investigation.
Only those aspects of the literature are reported that the writer beliesves
to be related to the expressed objective of the study, or to the techni-
Gues employed in developing it. The objective, as set forth in Chepter I,
is to isolate and describe those characteristics of the procedures of
good and poor problem solvers in srithmetic which show evidence of
thoughtful and meaningful understanding, as well as those which show
adherence to purely mechanicel menipulation, sheer guesswork, or trial
and error. 7The techniques of investigetion are those oi interview and
observation of individual pupils engazed in problem solving.

The literature has made three important contributions to the
development of this study. These contributions are classified into
three categories: the importence of meaning and understanding in
problem solving in arithmetic, reports oi research studies associated

7ith the purpose of this investigation, and technigues suggested by
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authorities for studying the arithmetic problem solving behavior of

pupils.,

The Importance of Meaning and Understanding in

Problem Solving in Arithmetic

Writers have long been aware of the significance of meaning
and understanding in arithmetic problem solving. 4&s early as 1922, Stone
(2:2170-89) recognized that understanding is essential before a pupil
can solve a problem efficiently:

The problem is not concrete to the child unless he is able to
form a clear mental picture of the situation described. It may be that
he has not read the problem correctly, or that he may have read it care-

fully and yet, through lack of experience in the situation described, he
may not be able to form a picture of the situation.

Greene and Buswell (1l;:275) shed further light on the gquestion
of meaning and understanding in arithmetic when they suggested that
teachers try to find out the mental processes used by pupils in working
problems:

One can scarcely overemphasize the importance of discovering the
mental processes which lie back of pupil's answers in arithmetic.
Intelligent teaching can proceed only from an analysis of pupils' methods
of work. Consequently, when serious difficulties are encountered by the
pupils, the only final answer to the trouble is a detailed analysis of
how the daifficulties were produced, followed by an attempt to improve the
pupils! work by some changes in the methods involved.

Furthermore, one must not overlook the fact that pupils in many
cases secure correct answers by metnods which are very crude and cumber-
some and which should be replaced by more efficient methods of thinking.
Tor example, the writer has observed pupils, who in multiplying nine
times nine, counted nine nines on their fingers...

Brueckner (6:329) referred to meanings as the "social significance"

of arithmetic, and expressed concern over the tendency of teachers to

overemphasize the mechanical aspects rather than concentrate on meaningful
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experiences:

The most commonly recognized goal of arithmetic teaching, that
of mastery of the facts and skills of arithmetic, has been accorded such
importance that the social significance of arithmetic has often been
neglected, The value of facts and skills of arithmetic cannot be denied,
but the possession of these without the ability to use them in quanti-
tative situations which life offers is evidence that the school is not
meeting the needs of those whom it seeks to educate.

Brownell (2:72) recommended a review of methods of instruction,
and pointed out that teachers were failing to bring about &n understbanding
in their teaching:

Of late we have begun to suspect that there is something wrong
in our instruction. The puplls who have been subjected to it do not
seem to show the expected proficiency. Some item seems to have been
missing in our teaching, and that item, we are coming to believe, is
understanding.

Brownell and Moser (3:156) suggested that the term be competently
described, in order that the teachers who work with arithmetic be informed
as to precisely what is meant by meaningiul arithmetic:

The term "meaningful arithmetic! is seriously in need of conpe-
tent analysis. Research may yet discover and arrange in order of
importance the arithmetical meanings which must be taughts Only when a
program of 'meaningful arithmetic! is defined in this way can it be dis=-
covered just how "meaningful" it is. When (or if) this analysis and
this list of essential meanings are undertaken, at the top of the list
of essential meanings will be found those which govern our procedures
in computation.

Sueltz and others (31:1L1) stressed meaning and understanding in
problem solving and indicated that pupils must understand if arithmetic
is to be significant:

In order to obtain correct and final judgments and answers in a
mathematical situation, the pupil must (a) know what computational pro-
cesses to use and (b) use these processes with facility and accuracy. In
both of these stages, it is the presence of the factors of meaning and

understanding that raises the performance of the pupil above that of a
computing machine.

The same writers advocated that means must be found for measuring
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meaning and understanding in arithmetic. They pointed out research
trends toward studies which attempt to measure arithmetical meanings:
(31:141)

The measurement of meanings and understandings is beginning to
creep into arithmetic. Of twenty-seven studies examined, eight showed
that the author was deliberately trying to measure beyond the traditional
scope of problem solving and computation. New procedures in teaching and
evaluation will have to be developed as the schools broaden their vision
of the function and scope of mathematics.

The preceding discussion has emphasiged the thinking of repre-
sentative writers in the field of arithmetic concerning meaning and
understanding. Careful interpretation of the quotations, however,
reveals that although these writers recognized the importance of arithme-
tical understanding, none actually attempted to define the term or to say
actually what is meant by ite The literature seems rather to point out
the effects of meaning and understanding, than to isolate and identify
specific kinds of behavior. The vagueness and indefiniteness, however,
with which the subject has been treated is intriguing to one who is
interested in research in arithmetic and suggests an area of investiga-

tion which promises opportunity to establish clearer interpretation of

the terms.

Research Studies Associated with the Purpose of the Investigation

After meking an exhaustive search through the literature, the
writer discovered only a limited number of research studies which seemed
to be related to the nature and purpose of the present investigation.

White (35:451~5) placed arithmetic problems in vocabulary settings
ranging from some which were quite familiar to the pupils to settings

which were entirely outside their experiences. A4s long as the problems
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were easy, the settings made little difference in the ability of the
pupils to work them. &s the problems became more difficult, unfamiliar
vocabulary settings became more of a handicap in the pupils' efforts to
solve them. Brownell and Stretch (L:83) reported a similar experiment,
from which they concluded:

The data secured in this investigation offers no ground for the
reasonable belief that problems are made unduly difficult for children by
being given unfamiliar settings, except under certain circumstances which
have been named. (Numerical relationships of an intermediate degres of
difficulty, number of times a given operation has been met, and limita-
tions as to time.)

These writers (Brownell and Stretch) further concluded that if a teacher
used only language with which the child was familiar in presenting
arithmetic problems, there would be no opporbtunity for the child to grow
in vocabulary usage and in the applications to which he could put his
new-found learning,.

Johnson (17:97-110) experimented with seventh grade pupils in
the use of vocsabulary teaching materials as a technique for improving
success in arithmetic. He found that teaching vocabulary terms improves
arithmetic vocabulary as well as solution of problems involving that
vocabulary. The use of vocabulary exercises does not, however, bring
about a general improvement in arithmetical learnings, nor is there any
evidence of transfer of training between words taught and other words not
taught. He reported further that teachers using vocabulary teaching aids
can bring about greater growth tham if they are not used, that experienced
teachers are not necessary for the use of the materials, and that regular
and systematic use of the materials brings best results.

Glennon (12:6L-~74) reported research with an instrument for

measuring understanding and meaning in srithmetic. He constructed a
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£

multiple-choice test of eighty items covering five areas of meaning and
understanding basic to the computational processes taught in grades one
to six. The test was validated in part on the combined judgments of
experts in the subject matter of arithmetical problems and in part by
the observation of its ability to distinguish between pupils who under-
stand the meanings and those who did not. The test was administered to
113% subjects at seven levels: Grades 7, O, $, 10, 11 and 12, teachers
college freshmen, college seniors and in-service teachers. Very small
differences were noted in scores at the various levels of administration.
Glennon concluded that the data showed very little growth in arithmetical
meaning and understanding at the levels of learning indicated, and that
the experiment revealed the meager degree witn which teachers are bring-
ing about arithmetical meanings at these levels.
110-15

Johnson (18: ) attempted to identify some intellectual factors
most closely related to the ability to solve verbal problems in arithmetic
at the eighth grade level. He found the greatest correlation ratio (from
o145 to +51) between problem solving and general vocabulary. The second-
highest correlation ratio (.37 to .L7) was found between problem solving
and arithmetical reasoning. When, however, a problem scale without numbers
was used in place of a regular problem scale, the order of relationships
was reversed; i.e., correlations with reasoning were higher than correla-
tions with vocabulary.

Both testing and oral interviews were used by Burch (8:1L5) in
evaluating pupil responses to problem tests that required four analytical
steps in working the problems. The four asnalytical steps were: What is

given? What is to be found? What is the estimated answer? and How is
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the problem to be solved? He found that pupils tended to score higher
in problem solving in thé test in which he did not require responses to
the analytical steps, and that even when pupils had been taught to use
the steps, they did not do so unless under compulsion;

Sueltz and Benedick (30:24~33) constructed a tést to measure
four areas of wmathematical ability: understandings, judgments, computa-
tion, and problem solvinge The results from testing two thousand sixt
graders in three eastern states revealed glaring weaknesses in all of the
four areas tested. Approximately the same resulls were obtained when the
tests were repeated in higher grades. The authors concluded that more
than the ability to compute is needed to use arithmetic functionally.

Flanders (11:385) used extensive records of classroom procedures
obtained by means of recording devices. He attempted to show that there
are relationships between the language of thinking and the language of
commwmnication. Among other things, the study shows a significant correla-
tion between the kinds of statements made about percents and the pupils'
individual learning stetus in that area. This study seems to indicate
that an ability to express ideas verbally is an index of the child's
ability to use the idea in a logical pattern.

Walker (34:36-41) studied the behavior of slow~learning children
in arithmetic problem solving. He reported that slow-learning children
are inferior in insights, in ability to form relationships, in ability to
generalize, in discrimination, and in comprehension and ability to use
the higher mental processes. They are also inferior in their ability to
define terms and use them correctly. They do their best work with terms

that are most closely related to their daily lire. Slow-learning children
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were found tobe less able to select and use the proper arithmetical
vrocesses and to differentiate extraneous from relevant material in
problem solving. Their concepts of time were more limited than those

of normal pupils, and what they understood was closely related to their
own experience. He found that memorization was difficult, retention
inadequate, and attention span so short as to complicate teaching.
Analysis of their errors showed that they made the same errors as normal
pupils, but to a greater extent. Their work was charecterized by careless-
ness, technical incompetence, and developmental errors, such as counting
on the fingers. Their reading was, of course, retarded, and this in
turn reflected their arithmetical achievement.

After partialling out mental age, Bagle (9:75-9) discovered
that at grade levels from four to nine the knowledge of the vocabulary
of mathematics and the ability to interpret graphs and formulas were
most closely related to success in arithmetic problem solving. Fay (10:
541~7) found that when mental and chronological ages were controlled,
those who were higher in reading skills were not any better in arithmetic
problem solving than those inferior in reading.

Gowan (13:281=3) asked seven thousand trainees at a Naval Train-
ing Station to solve certain arithmetic problems and then tested them to
Jdetermine the degrze of accuracy they employed in judging the correctness
of their answers. They were found to be low in ability to recognize when
an answer is reasonable, to determine degrees of accuracy, and to accept
the absolute necessity for having the correct answer,

Hansen (15:111-18) classified the factors that constitute the

ability to solve verbal problems in arithmetic into three general groups,
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arithmetical, mental and reading. He selected the good and the poor
problem solvers among sixth grade pupils in ten midwestern communities
and compared their abilities to use each of the factors of ability in
solving problems in arithmetic. He found the superior achievers to be
significantly better in all except four of the factors, namely, speed of
reading to predict outcomes, comprehension in reading to predict out-
comes, speed in reading to note details, and comprehension in reading Lo
note details,

Using ninety excellent and ninety poor achievers, Koenker (20:
5786-86) experimented with sixth grade pupils in the use of two-figure
long division. He found superior achievers to be significantly better
than poor achievers in the mechanics of long division, i.e., one figure
division, estimating the quotient figure, placing tne first quotient
figure, multiplication as in division, subtraction as in division, com=
parison of products and partial dividends, finding errors in division,
vocabulary in division, and fundamental operations., In none of these
operations was en inferior achiever superior to a high achiever.

Treacy (33) in reporting the results of his study of good
and poor achievers in problem solving, presented evidence to show ability
in problem solving is definitely associated with vocabulary. He measured
the problem solving abilities of 2Ll seventh grade children, and through
the use of a selection test chose eighty high and eighty low achievers.
Good achievers were significantly superior to low achieveis on several
fectors~-~four of which were reading skills definitely associated in one
way or another with vocabulary,

Some work has been done in comparing the behavior of good and
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poor achievers in areas other than arithmetic. Bond (1:746 ) found

.+ that there was a greater incidence of hearing impairmeant among lower
achievers in reading., He concluded that this may indicate a possible
causal relation, or it may reveal merely another difficulty for which
the non-achiever must compensate. Russell (2k) matched sixty-nine
pairs of good and poor problem sclvers to study their relative behavior
in spelling. He found that the greatest single difference between good
and poor spellers was visual perception. When he attempted to analyze
what he meant by visuwal perception, he concluded that so many aspects
of it were so closely related to intelligence, that perhaps the real
difference between good and voor spellers is one of intelligence. He
found his most reliable differences in academic achievement items. He
believed that many of these items did not cause spelling difficulty, but
were rather associated with it.

The foregoing studies are limited, both in number and in scope,
hut they indicate the complexity and the depth of the problem by revealing
the many aspects these studies have assumed. Their chief contribution to
this study has been to give direction to the investigation and to serve

as guldes in interpreting the data.
Techniques Suggested for Studying Pupils

Individual differences in the ways in which pupils go about
solving arithmetic problems is a question that has been discussed at
length by writers in the field of arithmetic. Bxtensive diagnostic
testing programs have been outlined, and many techniques have been offered

as aids in studying pupils individually. Brueckner ( Si33 ), for
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example, has summarized these techniques by placing them in six groups:

1. Use of standardized diagnostic tests of verious kinds.

2. Analysis-of available records.

3+ Observation of pupils at work.

i« Analysis of oral and written responses.

5. Interviews and questionnaires to get information that is
otherwise not available.

6. Laboratory procedures.

The diagnostic interview has come to be a rather common tech-
nigue for studying pupils. Teachers have learned that an intensive study
of the pupil while he is working problems can be productive of information
about the pupil and his methods of work. Brueckner and Grossnickle (7:456)
cited eleven specific abilities that could be observed during an inter-
view designed to study probleme~solving behavior:

1. The ability of pupils to read problems orally, and the extent
of vocabulary difficulty.

2+ Knowledge of denominate numbers, their relation and the
ability to apply them.

3+ IKnowledge of formulas used.

lie Ability to name the procedures used.

5. Ability to estimate answers.

b. Ability to remember facts and solve problems stated orally
by the examiner.

7o Ability to locate information in the index, appendix,
dictionary or supplemental book.

8. Informational background and experiential background of
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the uses of nwnbers.
9« Methods of attack on selected test problems.
10. Ability to formulate original positions based on the original
test data.
11, Ability to use drawings and diagrams in visualizing the
problemse.
Monroe {22:31hL) pointed out that diagnosis in arithmetic is
concerned with two major problems:
1, Determination of the extent to which desirable educational
objectives are achieved.
2. Identification of factors that might be interfering with
the optimum growth of the individual,
He further stated that:
Any procedure that yields devendable information concerning the
status of a pupil with respect to some phase of his development may be
useful, but usually a diagnostic procedure is one that provides relatively

detailed measures.

The use of the interview technique.-- The interview may be

specifically useful as a téchnique for studying about vupils' procedures
in solving arithmetic problems. Spitzer, (27:193-L) in particular,
stressed the usefulness of this technique to teachers in determining the
arithmetic habits of their pupils:

One of the best indications of the mastery of a subject is the
ability to make significant comments or ask significant gquestions about
ite As a pupil works in an arithmetic class, the teacher hes many
opportunities to observe the work and thereby obtain a knowledge of his
grasp of various phases of arithmetic,

Another indication of achievement in a field is interest in that
field, for few human beings maintain an interest for any length of time
in a field where they possess little knowledge. Still another indication
of achievement is the degree of confidence displayed when work is under-
taken or assigned.
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Hildreth also advocated (16:843) the use of oral methods in
determining the procedures used by pupils in solving problems:

Although the oral method is necessarily an individual one, it
has advantages over any other method for diagnostic purposes... Applied
to arithmetic, it enables the examiner to Jjudge the speed of resvnonse to
separate number items, It reveals hesitation, confusion, repetition,
omissions, irregularities in methods of attack, indicates eye movements
up or down the addition columns, and the child's facility in the number
combinations, with or without a pencil. In the solution of written
problems, the method reveals difficunlty, slowness and irregularity, as
well as the ability to read and pronounce the names of numbers and number
terms.

Torgerson (32:125) identified certain limitations to the inter-
view technique, and suggested that care be exercised in the use of it:

The interview method, like the observational method, has all
the limitations inherent in a subjective approach. Ilexibility in
method is essential for minimum individualization, and for this reason
the interview should not be standardized. Skill in the use of a method
will minimize the subjective factors which destroy its value.

It is apparent from this discussion that diagnosis of pupils!

roblem solving experiences is helpful in determining the vprocesses
used by the pupils in solving the problems. Among other techniques of
diagnosis, that of the diagnostic interview was suggested and the
potentialities of the individual oral interviews were indicated. These

suggestions were helpful in selecting areas to be observed and in

isolating specific obhjectives for definite study.

Summary

The writings of recognized authorities and the research studies
reported have made three important contributions to this investigation:

1. The significance of the term "meaning and understanding"
was established through its interpretation by recognized writers in the

field. Although there was little evidence that any of these attempted
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to define the term as such, there was a notable tendency to recognize
the importance of meaningful arithmetic.

2. Research studies associated with the purpose of this
investigation, although limited in number and scope, indicated the complex
and diverse areas involved. General procedures and specific objectives
reported in those investigations were especially helpful in organizing
and developing this study.

3e The diagnostic interview was shown to be of significant wvalue
in studying individual differences in pupil behavior during problem
solving. It was generally agreéd that diagnostic interviews on an indivi-
dual basis, with well-established objectives for the interview in mind,

may give valuable clues regarding procedures employed by pupils.
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CHAPTER III
PROCEDURES USED IN THE STUDY

The Purpose of the Chapter

The purpose of this chapter is to outline the procedures
followed in organizing and conducting the investigation and in evaluat-
ing the data that resulted from it. The chauter presents the hypothesis
upon which the study is based, and describes the preliminary studies
used in structuring the plan of research. It indicates the steps taken
in selecting the schools in which the study was conducted, in choosing
the pupils for the sample, in preparing the materials used in the study,
in administering the research procedures. Plans for the organization

and interpretation of the data are also included in the chapter.
Preliminary Considerations

The basic hypothesis of the study.-- The basic hypothesis of the

investigation was that problem solving procedures could be isolated and
studied, if observed systematically while the pupils are engaged in
working arithmetic problems. The design of the study and the procedures
employed throughout the investigation have been influenced by considera-
tions related to this hypothesis. Some of these are based on known
research in the field of arithmetic: others have been derived from
personal experience and from suggestions ol persons skilled in educational
research. They are the guideposts which furnished direction to the study
in the initial stages. Stated concisely, these guideposts are:

1. The sample must be adequate., It must be sufficient in
mumber to include a typical representation of sixth grade pupils in the

public schools.

2L
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2. OStandardized investigational procedures must be followed
to insure uniformity. The same questions must be asked and the same
problems given to all pupils,

3. Arithmetic problems must be typical of those worked by sixth
grade pupils in their duily class worke. The problem~solving period must
approximate the normal classroom situation as closely as possible.

Ly, Tnitial selection must be based on the results of the adminis-
tration of a standardized test in arithmetic problem solving. Inasmuch
as patterns of behavior become more sharply defined wnen the extremes are
studied, good and poor achievers must be sclected from the upper and the
lower ends of the distribution on the selection test.

5. Observed behavior and oral responses must be accurately
recorded. Recorded observations, obsesrved behavior, and written solutions
must be given methodical study within a reasonable time after the
observational period to insure reconstruction of all aspects of the inter-
view with each individual pupil.

6. Analysis of the beha&ior of the pupils must be made by an

investigator trained in observation of pupils in a problem-solving situa-

tion.

Preliminary Investigations

Reasons for the preliminary studiess-= With the foregoing con-

siderations in mind, preliminary studies were planned in selected elemen-
tary schools to determine the psrticular methods of investigational pro-
cedure which would be used when the design of the study was in final form.

Seven elementary schools were selected for this purpose, three schools in
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Cincinneti, Ohio, three in Greenville, Ohio, and one in Hamilton, Ohio.
Preliminary work was begun in these schools in March, 1952,

Preliminary investigation at the Kirby Road School.-- The first

exploratory study was made at the Kirby Road School in Cincinnati, Ohio.
Torty-two fifth grade pupils were given the problem solving test of the

Sueltz Functional Evaluation in Mathematics, Elementary Level (Appendix 4,

P« 15T )« TFleven pupils who made the highest scores and eleven who made the
lowest scores were selected for special study. Four groups of five pupils

each were then given the National Achievement Test in Arithmetic, Grades

3-6, with instructions to work the problems in the test (Appendix A,
P+ 198 )s Thirty minutes was zllowed each pupil., The smell unit of five
pupils was planned to allow the obscrver time to watch each pupil as he
worked the problems., When the pupils had finished their work, each was
asked to explain how he worked the problems. Several obvious difficulties
were apparent in this procedure. With five pupils engaged in problem
solving, it was impossible to spend enough time with any one pupil to
isolate specific details of his problem-solving behavior, The presence
of other pupils in the room influenced some pupils and distracted them
from their work. Controlling unoccupied members of the groupr while
others were explaining their problems was difficult. Only general
observaticns could be made, and these were too obvious to be of any real
value. The allotted time was inadequate. This led to a varied experience
for each pupil, since each reached a different level of achievement during
the time allowed,

As the result of this investigation, it was obvious that: 4

smaller number of pupils must be studied at one time to insure a more
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systematic observation of the pupils. Definite procedures for studying
the behavior of individual pupils and of reporting that behavior were
necessary., A list of problems that would permit completion and dis-
cussion within the attention span of sixth graders was needed. The
general idea of the investigation, however, showed promise.

Investigation at the Central Fairmount School.-- 4 second pre-

liminary study was made at the Central ['airmount School, also in Cin-
cinneti, The sixth grade teacher was asked to choose six of the best
problem solvers and six of the poorest problem solvers in his arithmetic
classes. The investigator then prepared a list of ten problems, believed
to be typical of those worked by sixth grade pupils (4ppendix B, p. 201).
The number of problems selected was purely arbitrary, but the purpose

was to keep the number small so that all of the solutions and explanations
of those solutions could be completed within the attention span of a
sixth grade pupil. Two pupils were interviewed at one time. While one
pupil solved a problem, the other pupil explained the one he had just
completed. Then the other pupil was interviewed while his partner worked
all ten problems, This procedure proved more eifective than working wih
groups of five and an unspecified number of problems, but several weak-
nesses still remained. Two pupills could not te interviewed at one time
if the interviewer were to give each his undivided attention. Close
attention was necessary to secure details of the problem-solving proce-
dures employed by the pupils. Talking tended to be distracting to toth
pupils and interviewer, and audible discussions of the problems not only
disturbed the other pupil, but also furnished him with clues to the

solutions. There had been no definite plan of observation, nor any
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systematic checklist of behavior to be observed.

Certain conclusions were reached as the result of the Central
Fairmount investigation: Because of the disturbing factors in inter-
viewing two pupils at one time, it would be necessary to conduct all
interviews on an individual basis. Adequate objective data, based upon
systematic observations, would reguire full and complete written notes.
Further experimentation with plans for recording the procedures of pupils
would be needed.

Investigation at the Whittier School.-- Procedures followed at

the Central Fairmount School had failed to reveal any definite informa-
tion about problem solving procedures by the pupils interviewed. ALncther
preliminary study was arranged at the Whittier Schcol. In this investiga~
tion eight sixth grade pupils, selected by their arithmetic teacher in &
random manner were interviewed, one at a time. The problems were similar
to the ones used at the Central Fairmount School (Appendix B, p. 202).
These problems were presented to the pupils singly, on individual cerds,
for solution. On separate cards, the investigator attempted to write all
the vocalizations of the pupil and note any significant behavior or
remarks. The results of this study brought the following conclusions:

It was impossible to record all of tue utterances of the pupil as he

said them, unless the pupil were asked to repeat much that he said.

Hints or suggestions, intended to start or to correct pupils' procedures,
influenced the actual thinking done by the pupil and made it impossible
to separate the pupils' thinking from that of the investigator. Solving
and discussing ten problems consumed too much time and the interviews

became tiresome to both pupils and interviewer.
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The results of the Whittier investigation prompted the following
decisions: A mechanical recorder would be useful in securing an exact
record of the utterances of the pupil and of the interviewer during the
problem solving period. Non-directive interviewing would eliminate
participation of the interviewer in the problem-solving experiences. Not
nore than eight problems could be solved and discussed within a reasonable
attention span for sixth grade pupils. Greater contrast, and as the
result, greater clarity in differences in behavior could be observed when
high and low achievers were studied than when random selections were made.

Investigation at the East Elementary School, Greenville, Ohioe--

Early investigations had revesled that some of the problems used were not
appropriate for the particular purpoze of the study. Continuous selection
of problems had been made as each of the preliminary studies was organized.
Problems that had proved too difficult as well as those which were too
easy were replaced by others believed to be within a reascnable range of
difficulty. When the list approached the point at which it was believed
that the problems were within the comprehension of sixth grade pupils,
these problems were submitted to fifty-one sixth grade pupils in the East
Elementary School in Greenville, Ohio (Appendix B, p. 203 ). Not one of
the twelve problems on the list was missed by all of the pupils, and none
was worked correctly by all of the pupils.

Further evaluation of the problems.-- Forty sixth grade pupils

in the South School in Greenville, Ohio, and ninety sixth grade pupils
in the Filmore School in Hamilton, Ohio, were given the same list of
problems. Results from both schools gave additional evidence that enough

pupils had worked the problems correctly to Jjustify conclusions that
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they were within the comprehension of sixth grade pupils. After tabulat-
ing the frequency of errors in these problems, the two that were missed
most often and the two that were missed least often were eliminated.

The remaining eight problems were those which were used in the experiment.
These problems may be seen in Appendix B, p. 203,

Testing the procedures for the final study.-~ Before deciding

upon finel plans for the investigation, the writer made another test of
the procedures. The arithmetic teacher of the North Elementary School in
Greenville, Ohio, chose two good problem solvers and one poor problem
solver, These pupils were interviewed individually, and they were asked
to work each of the eight problems, vocalizing their thinking processes.
A tape recorder was employed to record their uttecrances which began with
the oral reading of the problem and ended with a questioning period
following the solution of each problem. Three facts were revealed as

the result of the North School experience. The tape recorder was
effectual in securing an exact record of the vocalizations of both the
pupil and the interviewer during the observation pericd. It was apparent
that procedures could be further standardized by the preparation of a
uniform set of questions to be asked all pupils after the solution of the

problems,

Selection of the Schocls

Selecting representative schoolse-- The city of Cincinnati was

chosen for the study, and the investigator was granted permission to
cenduct the investigation in the Cincinnati Public Schools. Two decisions

had been made arbitrarily: (1) Approximately one hundred pupils would
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be needed for the investigation; (2) These pupils would be selected from
not fewer than six elementary schools. The Supervisor of Elementary
Arithmetic and the Director of the Appraisal Services for the Cincinnati
Public Schools assisted in selecting the schools. The selection was
based on the following: The median percentile ranking as measured by the
Kuhlman-Anderson Group Intelligence Test administered during the previous
semester (21) , of the sixth grade pupils in the six proposed schools
was approximately the same as that of the sixth grade pupils in the school
system as a whole. Geographically, the schools were well-distributed
throughout the city. The socio~economic levels of the pupils in the
several schools were representative of the principal socio-economic
groups within the city. School populations in the proposed schools con~
tained representatives of the various social, racial and cultural groups
in the city.

There were three general locations: "Downtown" schools in or
near the business district of the city. "Residéntial" échools well within
the city limits in chiefly residential neighborhoods. "Suburban" schools
at or near the city limits where a separate community spirit seemed to
prevail. Both large and small schools were represented. Table 1 shows
the number of each school, the number of sixth grade pupils, the median
percentile rankings of sixth grade pupils on the Kuhlman-Anderson Group
Intelligence Test, and the kind of community served by the school. The
intelligence tests were given routinely during the 1951-52 school year by
the Appraisal Services of the Cincinnzati Public Schools. The median for
the six selected schools is slightly lower than for all the sixth grade

pupils in the city school system--53.9 as compared with 5l.6 for the city

as a whole.
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TABLE 1

THE SCHOOL NUMBER, NUMBER OF SIXTH GRADE PUPILS, MEDIANS OF SIXTH GRADE
PERCENTILE RANKINGS IN INTELLIGENCE, AND CLASSTIPTCATTION OF EACH SCHOOL
BY LOCATION

Number of Median Percentile

Sixth Grade Ranking of Sixth Classification
School Pupils Grade Pupils in of the Location
Number Enrclled Intelligence of the Schocl
1. 168 3547 Downtown
2. 80 L6.8 Downtown
3. 133 6240 Suburban
L. 73 57.8 Residential
5. 51 60.2 Residential
6. 91 7h.5 Suburban

596 Total Pupils 53.9 Hedizn for all Schools
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Selection of the Pupils

Method used in selecting the pupilse-~- The specific purpoce of

this study, as stated in Chapter I, is to investigate the characteristics
of the procedures of good and poor problem solvers which show evidence
of tnoughtful and meaniagful understanding as well as those which show
adherence to purely mechanical manipulation, sheer guesswork, or trial
and error. In compliance with the expressed purpose of the study, it
was necessary to adopt some plan for separating the sixth grade pupils
into groups of good and poor problem solvers. Kelley (18:17-2L)
has developsd a statistical procedure for dividing a group of pupils in
such manner that high achievers and low achievers can be differentiated
from the average achievers. This plan provides that the upper twenty-
seven percent of a group be considered high achievers, and the lower
twenty~-saven percent of a group be considered low achievers., The plan
proposed by Kelley was therefore adopted for use in this investigation,
A standardized test of arithmetic problem solving, The Iowa

Every Pupil Test of Basic Skills, Test D: Basic Arithmetic Skills, Form O,

Part ITI, was given to all sixzxth grade pupils in the six selected schools
(Appendix A, p.199 ). This test had not been previously used at the

sixth grade level in the Cincinnati Schools, it was inexpensive, easily
administered, and cculd be scored ocbjectively. Part III of the test
measured problem solving, the area in which the investigation was being
conducted., This part was composed of thirty verbal problems in arith-
metic with a difficulty range from grade five to nine.

Distribution of scores on the selection test.-- Out of a possible
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score of thirty on the selection test, the highest made by any pupil was
twenty-four, and the lowest was zero., TFive hundred sixty-eight pupils
took the test. Twenty-seven percent of 568 pupils is 152 pupils. Since
this percentage had been chosen as the basis for dividing the good and
the poor problem solvers from the group as a whole, steps were taken to
determine which pupils belonged in the group making the 152 highest scores
and in the group making the 152 lowest scores. A frequency table was
made which listed the number of jpupils who made each score from twenty-
four to zero. Cumulative frequencies were listed in the rignt hand
column, reading from the top downward. Scores of 1L and above occured
151 times in the distribution. The sample of good problem solvers was
therefore drawn from the group of pupils who had made scores of 1L and
above,

Theoretically, the number of poor problem solvers should egual
152, This number subtracted from the total number of cases leaves 416 as
the cumilative frequency below which the poor problem solvers would be
chosen. A total score of seven or above included only 408 pupils. The
cumulative frequence of 416, then, would be expected to fall among pupils
who made a score of six. Since it would be difficult to decide which of
these pupils to sliminate from the group of poor problem solvers, all
pupils who made a score of six or below were included. Therefore, 160
pupils were included in the group of poor problem solvers. Table 2 shows
in detail how this was done.

Table 3 shows by schools the total number of pupils taking the
selection test, the number who made scores in the group designated high

achievers, and the number in the group designated low achievers. Irom
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TABLE 2

DISTRIBUTION BY SCHOOLS AND THE CUMULATIVE FREQUENCIES OF SCCRES MADE BY
THE SIXTH GRADE PUPILS IN SIX SELECTED SCHOOLS ON THE IOWA EVERY PUPIL
TEST OF BASIC SKILLS, TEST D: BASIC ARITHMETIC SKILLS, FORI{ O, PART III

Test | School h School | School | School | School | School | Total | Cwmlative
Score Ho. No. No. Wo. Ne. No, Frequency
1 2 3 L 5 6
2L - - 1 - - 1 2 2
23 - - 1 - - - 1 3
22 1 - - - - 1 L
21 - - - - 1 L 5 9
20 - - 1 1 - 2 ly 13
19 - 6 - - 1 1 20
18 1 3 1 1 9 15 35
17 - 3 5 4 1 9 22 57
15 1 3 5 3 2 15 30 87
15 1 3 12 L 3 8 31 118
1 1 9 6 2 5 10 33 151
13 N 5 15 9 3 5 L1 192
12 2 7 6 10 5 6 36 228
11 7 8 13 3 3 8 L2 270
10 5 L 16 L i 2 35 305
9 5 5 9 2 3 3 27 332
8 7 L 1L 6 3 2 36 368
7 12 3 5 T 6 2 Lo L08
) 16 2 6 5 n 1 3L L2
5 19 6 L 2 2 - 33 L5
l 25 2 2 1 1 1 32 507
3 21 - 3 1 1 - 26 533
2 12 2 - - 1 - 15 518
1 13 - - 1 1. - 15 563
0 L 1 - - - - 5 568
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this table it may be seen that School Wumber 1 has only three pupils
among the high achievers and 110 among the low achievers., Likewise,
School iumber 6 is disproportionately represented in the two groups, but
the situation is reversed with only two pupils as poor problem solvers
and sixty good problem solvers. Distribution in the other four schools
was somewhat more nearly equal.

The selection of the sample groups.-- Aller selecting the good
and the poor problem solvers groups, forty-eight pupils were chosen
arbitrarily from each of tnese groups. <Table 3 shows that disproportionate
grouping of good and poor problem solvers had occurred in Schools 1 and 6.
This grouping made it unwise to depend upon random sampling, for it was
assumed that with forty percent of the zood problem solvers from one
school and almost seventy percent of the poor problem solvers irom
another school, random sampling would draw too heavily Irom these two
schools,

The forty-eight good problem solvers were therefore selected as
follows: A chart was prepared listing &ll scores irom twenty-four to
fourteen, inclusive. Opposite each score, by schools, was listed the
name of each pupil who had made that score. From this chart one pupil
from each school who had made each score of fourteen or above was chosen.
If only one pupil appeared in a group making that score, the name was
automatically selected. If more than one name appeared in a group, an
arbitrary choice was made. One name from each of the thirty-eight groups
vroduced a total of thirty-eight pupils, ten short oi the number previously
determined. Yo secure the remaining ten names, the process was repeated,

working downward from the highest score.
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TABLE 3

THE NUMBER OF PUPILS BY SCHOOLS WHO TOOK THE IOWA EVERY PUPIL TEST OF

BASIC SKILLS, TEST D: RASIC ARITHMETIC SKILLS; FORM O, PART ITT, THE

NUMBER OF GOOD AND POOR PROBLEM SOLVERS BY SCHOOLS AND THE TOTAL NUMBER
IN EACH GROUP

School | School | School | School | School | School | Total
No. Noe Noe No. Nos Noe
1 2 3 L 5 6
Total
Number of
Pupils 155 74 133 66 50 90 568
Good
Problem
Solvers 3 20 L0 15 13 60 151
Poor
Problem
Solvers 110 13 15 10 10 2 160

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



35

The forty-eight poor problem solvers were chosen in a similar
manner: A chart was made listing all scores from zero to six, inclusive.
Opposite each score the names of 2ll pupils, by schools, who had made
each of the scores. From this chart, one pupil from each school who had
mede each score of six or below was chosen. When more than one name
appeared in a group, an arbitrary selection was made. There were in all
twenty-nine score groups, and one name from each of those groups produced
a total of twenty-nine names, nineteen fewer than the arbitrary number.
To obtain the remaining names, the process was repeated, working upward
from the score of zero.

Throughout the entire process, a conscious effort was made to
keep the number of boys and girls approximately equal. In choosing the
good problem solvers, it appeared expedient to give some preference to
pupils from School Humber Six because the small numbers of poor problem
solvers in that school would otherwise give dispronortionate representa-
tion in the total sample. Likewise, in selecting the low achiever group,
a similar preference was given to School Humber One because oi its low
percentage of good problem solvers. The pupils who comprised the sample
of good and poor problem solvers and the schools from which they were

chosen are shown in the tables in Appendix C, pp. 205-0.
Selection of the Problems

Problems limited to whole numbers.-~ Practices employed by

Cincinnati teachers in presenting arithmetic subject matter at the sixth
grade level vary from school to school. Somz teachers place considerable

emphasis upon common fractions, others stress work in decimals, and many
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choose to spend much time with denominate numbers. Differences in
neighborhoods, in pupil intelligence and in community socio-economic
levels apparently justify this variation in emphasis. A common meeting
point in the treatment of arithmetic subject matter treatment, however,
is the study of whole numbers. Beginning in the primary crades, the
pupils have therefore, worked continuously with whole numbers, and their
experiences include the basic skills of addition, subtraction, multipli-
cation, and division. Whole numbers, then, represent most nearly the
common arithmetical background of the sixth grade pupils in the schools
selected for the study.

Sources of information about the problems. Befcre the problems

for use in this study were selected, several sources of information were
explored. Textbooks in sixth grade arithmetic were examined for content
and for types of problems. Workbooks and tests were surveyed for ideas.
The investigator's own experiences as a teacher of sixth grade arithmetic
and as 2 supervisor of elementary teachers were applisd in considering
and evaluating the problems. Teachers of sixth grade arithmetic in
schools participating in the preliminary studies w:re consulted for
suggestions and criticisms. 4 list of problems prepared by Erueckner
and Grossnickle (7:L58-9) for use in disgnosing pupils' problem-solving
habits, proved useful in making the final decisions.

Development of the problems.-- It is generally accepted that the

vocabulary of an erithmetic problem is of importance to the pupil who
attempts to work that rroblem. For this reason, all of the words used
in the problems were checked egainst the word lists for sixth grade

pupils prepared by Rinslend (23) in a 4 Basic Vecabulary for
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Elementary School Children. All words used in the problems were found

te be within or below sixth grade limits.

An effort was made to equalize the number of times each of the
four basic skills in computation was used. Since several of the problems
could be solved by more than one method, it is impossible to state
definitely the frequency of any one of the basic skills. I'ive of the
proviems, hovever, were one-step problems, and the other three, irf solvead
in the most economical manner, were two-step prcblems. The subject
matter of the problems was such that a2 vupil with a limited envirommental
background would likely have had some experience with it. An additional
problem was included with the list cf cight problems designed for the
study. This problem was intended to serve as a sample problem. It
enabled the interviewer to explore with the pupil the techniques of the
interview without tcuching the content of the selected list of problems.
The list of problems designed for tne study may be examined in Appendix D,

v. 209,

Steps in the Procedure

Materials used in the study.-- In order to make procedures =s

uniform as possible, a cell list of pupils was prepared and the order

of the interviews established. A& schedule was arranged to give principals
of the various schools advance notice of the day and the hour interviews
would be conducted in their respective schools. A mimeogrephed copy of
each problem was placed on 4 separate four-by-six index card. Remaining
space on the cards was left for the pupils! computation and sclutions.

A sufliiciently lerge supply of these cards was prepaved for all of the
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interviews. A supply of pencils without erasers was provided for the
pupils' use in order that faulty starts and incorrect computation could
net be erased. A tape recorder and a supply of tapes for recording the
interviews were taken from schcol to school. Both the reading time and
the problem solving time of each pupil were checked with a stop watch.

a notebook for recording the observations of behavior during the problem
solving periods completed the standard egquipment used in the investigation.

The mechanics of the interview,-- Standardized procedures

insured uniformity of results. All equipment was set up and in readiness
before the pupils were called for the interviews. The schools provided
a small room, free from noise and disturbunce. The tape recorder was

put in an inconspicuous place, with the microphone somewhat out of the
sight line. The investigator sat across the table from the pupil in a
positicn so that the facial expressions and gestures could be observed.
The pupils were summoned either by the school office or by school
messengers. All sciacols had more than one section of sixth grade pupils
which made it possible to rotate the sections from which pupils were
called for their interviews; a policy which reduced the amount of com-
munication between pupils. Interviews averaied somewhat forty minutes in
length. They were begun by a friendly greeting to the child and an
informal conversation intended to put the child at ease. The project

was explained and the tape recorder discussed briefly. It was made clear
that the results of the interview would not be usad for or against the
pupil, and that the outcomes would be held in confidence. The saaple
problem was then given with instructions to solve it to the best of his

ability. Procedures to be followed in the remaining problems were
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discussed after the pupil had finished the sample problem. This allowed
ample opportunity to instruct the pupil in what he was expected to do
with the succeeding problems.,

When the interviewer was certain the pupil understood the pro-
cedures to be used, the remaining problems were given him, one at a time,
for solution., No attempt was made to hurry the pupil . He was allowed
to work the problems as often as he liked. It was only when the problem
was apparently too hard for the pupil and he was unable to make further
progress toward a solubion, that the interviewer recommended that he
abandon his efforts. By means of the stop watch, the time required by
the pupil both to read and to solve the problems was determined and
recorded in notes of the pupils' behavior. If a word blocked the reading
of a problem, it was pronounced for the pupil. Other questions were
ansvered in a non-directive manner, and the interviewer avoided all
facial expressions and mannerisms that might be interpreted as encourage-
ment or discouragement of his choice of solution. As goon as the pupil
had solved each problem, the following questions were asked hims

1. What is your answer? (Unless he had already civen it.)

2. How did you work the problem?

3. Why did you work it that way?

e Do you think your answer is feasonable?

5. Why do you think so?

6. Do you think your answér is right?

7. Why do you think so?

When a pupil failed to work a problem or to complete a solution, the

questions wore either omitted or adavnted to the situation. If the answer
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to a previous question had included the answer to the next question,
that question was withheld rather than annoy the pupil by asking him
to answer it twice.

After a day's interviews the tapes were transcribed so they
might be used again the next day. OSome tares were preserved in order
that they could be used to demonstrate the techniques employed in the
interviews. ‘he written solulions ware used togetner with the observa-
tions noted by the observer and vocalizations to determine the problem-
solving beﬁavior of the pupils. Samples of transcribed vocalizations

may be seen in Appendix D, pp. 208 and 210.
Organization of the Data

The classification of the data.-~ Eight problems solved by

ninety~-six pupils produced a total of 768 solutions. These solutions
varied in accuracy, clarity of purpose, concreteness, orderliness,
reasonableness, and in many other ways. The solution of these problems
produced three kinds of data: notes teken by the interviewer of the
observed behavior of the pupils, written solutions to the protlems, and
the transcribed wveocalizations of the pupil and the interviewer. In
accordance with the expressed purpose of the study as outlined in Chapter
I, the data have been organized wnder the following classifications:

data related to the insight, i.e., meaning and understanding shown by

a pupil of the situation described b: the problem; date illustrating the
thiﬁking processes employed in selecting methods of solution, using those
methods; and data reflecting the number relationship and computational

skills employed by the pupils in werking the problems.
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Methods used in tabulating the data.-- The written solutions,

recorded vocalizations, and the obszsrved behavior notations were then
studied and tabulations made of the frequency of the various kinds of
behavior. Characteristics of procedure relating to insigh£ were classified
clear, pzrtial, or doubtful. Those characteristics pertaining to thought
processes involving choice of method were categorized social, mechanical,
and doubtful. Characteristics of procedure relating to thought procesces
involved in applying methods of solution were grouped as abstract, con-
crete or random. Those dealing with evaluation of resultls were classified
quantitative, parallel, and meaningless. In a similar manner, character-
istics of procedure concerned with number relations were arranged in

three groups, clear, partial and doubtiul.

In accordance with the foregoing classification, final judg-
ments of the actusl characteristics of procedure emploied by the pupils
were made. These judgments are presented in tables, each of which is

ivided into three groups corresgonding to the general classification

of the data described above., Tabulations for good and poor probhlem
solvers are presented separately to show more readily the characteristics
of each.

Presentetion of the data.-- The data are presented in three

chapters. The first, Chapter IV, presents those wnich are related to
insight as a facter in arithmebic problem solvinz. The second, Chapter
V, is concerned with the thinking processes employed in selecting methods,
using the methods and evaluating the results of the methods employed in
solving the problems. The third chapter, Chapter VI, shows the data per-

taining to the number relationships and computational skills employed by
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the pupils. Throughout the three chapters, the investigator has
introduced actual transcriptions of vocalizations of the pupils, and
when necessary copies of written computations and notes of observed

behavior have been included.
Summary

This study is based on the hypothesis that problem solving
procedures can be isolated and studied, if observed systematically while
pupils are engeged in problem solving, Implementation of this hypothesis
requires an adequate sampling of pupils, a systematic plan of observetion,
and interpretation of results by an investigator trained in obsecving
pupils in an arithmetic problem-solving situation.

Preliminary investigations were conducted in seven elementary
schools in Cincinneti, Greenville,. and Hamilton, Ohio. Methods of pro-
cedure, sample problems, and evaluative techniques were explored during
this prepzratory phase. After the preliminary investigations had been
completed, six elementary schools in the Cincimnati, Onio Public Schools
were chosen for the final investigation. Authorities of the Cincinnati
Public Scheools considered these schools to be representative of the city
schools as a whole.

Prom these six schools forty-eight good problem solvers were
selected from the pupils who made the highest twenty-seven percent of
the scores on a standardized test in erithmetic problem colving, and
forty-eight pupils poor problem solvers were selected from those who
made the lowest twenty-seven percent of the scorzs on the same test.

11 pupils were sixth grede children, regularly enrolled in the schools
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used in the study,.

The eight problems chosen by the investigator for this sbudy
were developed after consulting current textbooks, workbooks, tests,
and teaching materials used in the public schools. These problems,
involving whole numbers only, were placed on inuividual cards with
sufficient work space for computation, and given to each pupil to solve.

Each of the ninety-six pupils chosen for the study was inter-
viewed singly, and all vocelizations by these pupils while they vorked
the eight problems recorded on a tape recorder. Together with the
written solutions and notes of obssrved behavior, these vocalizations
provided the chiel source of informestion about the problem solving
behuvior of the pupils.

The d:¢ta gathsred through the investigation wers summarized by
classification into three major areas. Theses areas included: those
items which were related to the insight, i.e., meanings snd undsrstanding
shown by the pupil into the situation described by the problem; deta that
illustrated with the thought processes used in choosing a method of
solution, carrying out that method, and eveluating the results of thet
method; and those which shoved the mumber relationsiips and computational
skills cmployed by the pupils. Behavior of the pupils was evaluated by
the investigator and placed in tables, These tables were placed in
appropriate chapters, and anecdotal rafere-ces drawn from the transcribed
recordings, written solutions and observed behavior introduced to explain

and support the data contzined in the tables,
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CILAPTER IV

INSIGHT AS A FACTOR IN ARITHMETIC PROBLEM SOLVING

The Purpose of the Chapter

The stated objectives ol this study ere to investigate the
characteristics of the procedures of good and poor preblem solvers while
they were engaged in solving verbal problems in arithmetic. The study
attempts to isolate and describe the characteristics of the procedure
which show evidence of thoughtful and meaningful understanding, as well
as those which show adherence to purely mechanical menipuletion, sheer
guessuork, or trial and error,

When the data from the interview were reviewed, differcnces in
the ways pupils attacked the vroblems were obs=srved. Some punils read
a problem, indicated complete familizrity with the situation described
by the problem, and proceeded with complete awareness of the significance
of each step. They evaluzted the answer in terms of their own experiences,
and recoznized the importance of their newly-found inforaation. Others
read the problems, recognized certain number combinations, and attempted
the computation with little or no consideration oi' the content of the
problem or of the social siznificance of the problem situation. slthough
thelr answers were many times correct, they were announced abstractly,
with little evidence that it represented more than a number--the product
of a computational wrocess. In still other cases, complete bewilderment
as to the meaning of the problem, random calculation, or perhens sheer

gave evidence that the pupil was performing only perfunctory

o

Zuesswork

tasks in worling the problem; no evidence of any real insizht could be

Lh
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observed, not only between pupils, but also in the performence of
individusl pupils as they attacked the different problems.

The degree to which the pupil is zble to recognize significant
aspects of a problem, to associste meaning and understanding with those
aspacts, to apply logical computation in the solution ol the probvlem,
and to evaluate the final results in terms of his own experiences may
be defined as insight. Hvidence of insight appears in at least four
aspects of arithmetic problem solving.

First, the general evaluation made by the pupil of the entire
problem situetion is a clue to the total insight into the problem. This
clarity of insight is reflected in the analysis of seperate aspects of
the problem, the relation of the computational functions to the .roblem
es a whole, and the judgments shown by the pupil, not only of the situa-
tion described by the problem but also of the appropriateness of the
solution to the problem.

Second, the utilization of vocabulary clues in problem solving
furnish additional informztion about the insight experienced by the
pupil through his association with the problem. Some pupils dwell upon
a word or a pihruse, otners place inflection on srecific terms, and still
others place emphasis upon numerical velues as each sought clues to the
meanings involved in the problam,

Third, the extent to which pupils apply social anda economic
information offers supporting evidence of the insight experienced by
the pupils. The extent of this can only be surmised, rfor silent
interpretation and association with known socisl and economic facts

might have been a common occurrence, There is, however, much evidence

-
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that vocal recognition of background information aided pupils in the
growth of insight into the problems.

Fourth, the ability of pupils to label the answer to a problem,
once solved, was evidence of the insight of the pupils intc the problem.
The look of understanding on the face of the pupil, or an appropriste
vocalization often gave the investigator a clue to the recognition by
pupil as to the meaning of the answer in terms of the sccisl situatien
involved in the problem.

It is the purpose of this chapter to show the function of
insight as a factor in problem solving in arithmetic. This has been
done through frequency tables which show how often good and poor problem
solvers made use of the procedures which indicate insight. The tables
are supported by anecdotal accounts of actual solutions which describe

and illustrate the data contained in the tables.
Variations in Pupil Insight

Three degrees of insight.-- As indicated in Chapter III, the

degrees of insight shown by pupils in solving problems were classified

as clear, vague, and doubtful. Clear insight is characterized by
effective reading, direct attack upon the problem based upon understanding
of the problem situation, judgments of the problem situation, critical
evaluation of the final answer, and reasonable confidence in the apprc=-
priateness of the answer. Vague insight is characterized by faulty read-
ing, obscure number relations, imserfect or hesitant selectbion of methods
of attack, neglecting siznificant words or ideas, inadeguate notions of

the meaning of the answer, and lack of coniidence in the eppropriateness

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



L7

of the answer. Doubtful insight is characterized by inability to attack
the problem, choice of a method for no apparent reason except a random
effort to compute, fragmentary understanding with complete bewilderment
as to how to apply those fragments, and incoherent, meaningless attempts
to explain the solution.

A comparison of the behavior of good and poor problem solvers,--

Table i shows that good problem solvers demonstrated clarity of insight
four times as often as poor problem solvers, and vagueness of insight
about the same number of times., On the other hand, poor problem solvers
showed doubtful insight about six times as often as good problem solvers.
The data in Table L show about four times as many good problem
solvers with clear insight into the problem situation as poor problem
solvers. The solutions of Peggy H. and Ronald R., both good problem
solvers illustrate what is meant by clear insight into the problems.

Peggy: (Reads) A swimming pool is 75 feet long and 30 feet wide,
How far does Bill swim in swimming twice the length of the

pool?
Well, -~ - - - - I'11 multiply 75 by 2.

Inve Well, go ahead.

Peggy: 2 x5 are 10 ~ - - - - 2x7Tare 1) - - = - ~ and 1 are 15
----- 150 feet.

Invs How did you get it?

Peggy: Well, - - - - - the pool is 75 feet long - - -~ - = and he
will swim twice the length of the pool - - - - - swim - =

- ~ -2 x 75 equals 150 feet.
Inve Do you think your answer is reasonable?
Peggy: Yes, I do.

Invs: Why?
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TABLE L

THE NUMBER OF TIMES CLEAR, VAGUE, AND DOUBIFUL INSIGHT WERE OBSERVED WHILE

GOOD PROBLEM SOLVERS AND POOR PROBLEM SOLVERS WERE ENGAGED IN SOLVING
EIGHT SELECTED PROBLEMS IN SIXTH GRADE ARITHMETIC

Number Total Cases of Cases of Cases of
Classification of Number Clear Vague Doubtful
Pupils of Insight Insight Insight
Problems
Good Problem
Solvers L8 38, 212 132 26
Poor Problem
Solvers L8 38l 50 15, 158
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Peggy:

Inv:
Peggy:
Inv:

Pegpy:

Ronald:

Invse
Ronalds
Invs

Ronald:

Inv:
Honalds:
Inv:

Ronald:s

Well, - = - = = I sometimes swim in the swimming pool that

Do you think it is right?
Yes.
Why?

I think I vorked it right - - - - - 2 x 75 is 150 feet.

AL MM PR
AN IV AN SN AN AN AN AR

(Reads) At six a.m. the thermometer read 7 degrees below
zero. At noon it read 29 degrees. How much warmer had
it become?

7 and 9 is 6 - - - - - carry 1 is 36 - - - - = 36 degrees.
How did you get it?

I added 7 and 29.

Why?

7 degrees - - below - - and then he had 29 degrees zbove
————— add 7 and 29 and get your answer.

Is it reasonable?

Yessir,

Why?

Why -~ - - - - add a small number to a large - - - - = it
will go up that fast - - - - -

L9

Although poor problem solvers were not so likely to do so, they

did on certain occasions demonstrate clear understanding comparable

with that of good provlem solvers.

solvers read the problems carefully, used the materiszls given by the

John S. and Jim S, both poor problen

problem, solved it corrsctly, and evaluated their answers intelligently

and with understanding.
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John: (Reads) A swimming pool is 75 feet long and 30 feet wide.
How far does Bill swim in swimning twice the length of the
pool?

————— 2x 75 - - - -~ - is 150 feet.

Inv: Write your answer on your paper - - - How did you get it?

John: I took 2 times 75 - - - -

Inv: Why?

Johns Why - - = ~ - cause I wanted to find out how far he'd swim
if he swimmed twice the length of the pool = - - - = two
times - - - - - It's ecasier to multiply - - - - = The 30

feet don't have nuthin to do with it - -~ - =

s

Inv: Is your answer reasonable

Johns Yes,

Inv: Why?

dJohn: Cause the length of the pool - -~ - = = tirice is 150 feet.
FEEEREEEER

Jims (Reads) At six a.m. the thermometer read 7 degrees below

zero. At noon it read 29 degr-es. How many degrees warmer
had it become?

It became 36 degrees warmers

Inv: How did you get it?

Jims I added 29 plus 7.

Inv: Why?

Jime Well, - - - = = ~ if it was 7 degrees below zero - - - - -
you'd have to bring it to zero - - ~ - - and then adds

Inv: Is your answer resscnable?

Jims: Yes,

Invs Why?

Jims Well, - - = - = 29 and 7 would just add up to 36.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



51

Iav: Is your answer right?

Jim: Yes.

Inv: Why?

Jim: I don't know -~ - = - = I just think it is right.

Vagueness in insight, partial understwnding, or difficulties in

establishing number relations occured with about the same frequency among

m
l.J
[
o
[
D
e}
s
0
(O]
[o]
| =)

cocd problem sclvers as amony pocr (See Table L). 4
clear understanding, individual cases oi partial understanding looked
much alike, whether they were produced by gocd problem solvers or by
poor. In solving Problem L, neither Joyce H., a good problem solver,

nor Daniel C., a poor problem solver was able to visualize clearly all

of the implications of the problem. Ignorance of the actual value of

the five-digit numbers and failure to associate the real meaning of the
final answer with its numerical value were factors in both solutions.
Although Joyce had the correct answer and Dezniel the wrong answer, an
accident of computation might have reversed the answers without either
showing much concern over the values. Joyce avoided the original error
made by Uaniel of putting bhe smaller number above the lerger, but Daniel
soon found thet mistake. No attempt was made by either to associate any
social meaning to the problem or its answer,

Joyce: (Reads) Tom's father drives a city bus. Before starting

on 2 route the speedometer read 2 million 8 thousand 9

hundred 65 (2:5965). A4t the finish of the trip it read

2 million 9 hundred 11 (29011). How many miles did he

drive on one trip?

I'd subtract 2 million 8 thousend 9 hundred 65 - - - - -

from - - - - - 2 million 9 hundred and 11 ~ - - - -
(vocalizes her computation) - ~ - - - - and the answer is
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Inv: How did you get it?

Joyce: Well - - - - = I subtracted - - - ~ - 2 million ¢ thousand
9 hundred 65 - - - - from 2 millicn 9 hundred 11,

Inv: Why?

Joycer Well - - - - - vhen it started out it read - -~ - - - 2
million 8 thousand 9 hundred 65 - - - - - and when it stopped
it read 2 million 9 hundred 11 - = - - = so I subtracted.

Inv: Does it sound reasonable?

Joyce:  Yes,

Inv: Why?

Joyce: Cause - - - - - I think it is that meny times - - - uh
—————— that many more.
Inv: Do you think it is right?

Joyce:  Yes.
Inv: why?

Joyce: T think I subtracted it right.

Daniel: (Reads) Tom's father drives a city bus. The speed - -

uh -~ ~ = =yh = = -~ - = uh ~ - (gets help) - - uh - - -
I can't pronounce it - - - -~ read 2-8-9-6-5. At the
finish of the trip it read - - - 2-9-0-1-l. How many

miles did he drive on one trip?
Works problems: 28965

29011
995l

Inv: How did you get it?

Daniel: I subtracted 2-6-9-5-5 from 2-9-0-1-1,

Inv: Why?

Deniel: It said when he sterted - - - - his - - - - speed -~ ~ -
(trouble) read 2-8-9-6-5 - - - and when he finished it

read = = ~ - = = - = 2=-G-)=l-l = = = = - - - I did it
wrong - ~ - - -
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Inv: You did?
Daniel: I took this - - - - from this - ~ -
Inv: 0en you do it right?

Daniel: I think so.

Inv: Well, go ahead.

Daniel: (Works problem, whispering to himself) - - - - I think
I got it now - - - = - - 1-0--&,

Inv: Why did you chenge?

Daniel: Because 2-9-0-1-1 is more than 2-8-9-6-5.

3

Inv: why was il necessary

Deniel: This was bigger than this one, - - - ~ and yon teke - -
you subtract from the biggest one.,

Inve Is it more reasonable?
Daniecl: Yes.

Inv: Why?

Daniel: I don't know.

Inv: Is it right?

Inve Why?
Deniel: It's smzller than the other one - - - - - = (pause) - -
that's 211 I know = - - -~ =

The solutions of iicheel ., a poor problem solver, and of
felvin K., a good problem solver, tc Problem 7 were much alike. Both
made the same error in interpreting the meaning of the problem, an error
which reflected lack of exnerience with the use of a thermometer. Both
were reasonagbly sure of their answers, giving substantially the same
reason for their coniidence. Partial undersitending of the problem is

[

present in both solutions, but real insight, based upon clear interpre-
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tation of all the facts presented is missing.

Micheel: (Heads) At six a.m. the thermometer read 7 degrees below
zero., At noon it read 29 degrees. How many degrees warmer
had it become?

You subtract 7 from 9 - - - ~ leaves 2 - - - ~ the answer
is = = = = - = 22 degrees.
Inve How did you get it?

Iichael: I subtracted.

Invs Why did you do that?

Micheel: Because I think that is vhat the problem calls for.
Inv: Do you think it is reasonchle?

Michael: Yes.

Inv: Why?

Michael: Because I think that's what shoulc be done

Inv: Do you think it is right?

ichael: Yss.

Inv: Why?

e

Iichael: Eecause I think I worked it right.

Helvin: 22 degrees uwarmer - - - = - -~ = I divided 7 from 29 - -~ -
(vocelizes his subtrzction) - - - - leaves 22,
Inv: Why did you work it that way?

Helvin: Cause that was the way to do it.
Inv: Is the answer reasonable?
Melvin: Yessir.

Inv: Why?

Melvin: Becouse it was 7 degrees above zero at six awumse - - - - =
at noon it was 29 degrees - - - - - - ~ how much warmer had
it become?
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Inv: Is it right?

Melvin: Yessir.

Inv: Why?

Melvins Cauée 7 and 22 are 29.

The data in Table L also shows that six times as meny poor.'
problem solvers demonstrated doubtful insight as good problem solvers.
Wnile in these cases there was sometimes fragmentary understonding and
ineffective effort to rclate the problem situation to their experiential
background, the problem solution indicated zlmost complete bewilderment
and confusion. Solutions by Charles T., a good problem solver, of
Problems 3 and 5 are examples of the kind of insisht which is considered
doubtiul.

Charles: (Reads) Mary's mother wants to put linolewn on the kitchen
floor, (Reads aluminum) Linoleum is sold by the square

yvard. If the floor is 15 feet long and 9 feet wide, how
many square yards will she need?

why - - - - = I think you should multiply - - - - - - =
9x15 - ===~ = and then - - - - = that's one of that
kind of problems that I don't do very well.

Invs You have trouble with them?

Charles: Yes - - - - — this is one of the kind I never get.

Inv: Have you studied this kind?

Charles: Yes = - -~ - - =~ but I don't understand it very well - - -
(tries again) = - == ~ - = I - - - just can't get it.

Inv: You can't?

Charles: I hzve an idea of how to work it - - - - - - - not the
answer - - -~ ~ - - but I think it is - - - the « - - - ~
number of square feet in a squere yard - - - - - how meny
squaere yards = = = - - - in 15 square feet - -~ - - = no
————————— I can't work it ~ - - ~ -

Inv: Is it right so far?
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Charles: Yes - - - -~ - I think I should nultiply it - - - - - =~
Inv: Why?
Charles: Well = = = = = = = = = I have to find out -~ - - now many

feet it is in the whole thing.

Charles: (Reads) A grocery had a special sale on soap at & bars for
i5¢. At that rate, how much wo.ld Jane pey for 2 bars?

Well - - - - this is a little bit harder - - - -~ Well - -
~ - I think it should - - -« - be - - = I think I should - -
-~ - divide 2 into -~ -~ 45 - - - I'm not sure - - - - that's
too much - - - - - =« I can't get this one - - - -

Inv: Have you any idea?

Charles: I was thinking about - - - I could get these two bars for

L5g -~ = - - = I was gonna multiply 6 times 2 - - is 12 - - -
double it - - - but I didn't - -- - -~ - (long pause)
Invs Any idea?

Charles: Nope.

Doubtful insight, involving fragmentary understanding, and con-
fused applications of inter-problem relations, was more frequent in the
work of poor problem solvers. The solution to Problem 8 by Robert B.,

a poor problem solver, and to Froblem 5 by Diana S., also a poor provlem

solver, shows how this absence of insight defeated the purpose ci the

pupils in arriving at a correct solution to the problem. The insight

shown by these pcor problem solvers resembles that shown by Charles T.,

in the previously cited examples.

Robert: (Reads) Iary'!'s mother wants to put linoleum on the kitchen
floor. (Reads aluminum) Linoleum is sold by the square

yard., If the floor is 15 feet long and 9 feet wide, how

many square yards will she need?

Is this the last one?

Invs Yes.
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Robert: Yessir, - - - - - it's a pleasure -~ - - I don't know -~ ~ =
I can't get this one ~ - - - = I can't figure this one out
------ this is a hard one - - - - - A square yard would
be 3 feet - - - - - 36 inches = - = = = = = = each way - - - -
that'd be 12 feet - - = = = = - = oh - - = - - (sigh) -- -
I'1l get it somehow - - - - figure around here until I find
out = = = = - = - = 12 feet into 15 = - - - - that wouldn't
be right - - - - - oh = ~ - - = no - - - (long peuse)

Inv: Any idea?

Robert: Nosir.

Inv: Do you know what linoleum is?
Robert: Yessir, |
Inv: You don't know how?

Robert: Hosir.

EVRVERVEVEVRVEVEYS
SEEEEEEEE

Diana: (Reads) A grocery had a special sale on soap at 6 bars for
Li5¢. At that rate, how much would Jane pay for 2 bars?

(Pause) - -~ - - - I - - -can't work thaet one - - - -
Tnvs No idea?
Disna: Wo - - - - (pause) - - - - I might divide - - 2 into L5 - -
Inve Why?
Diana:  4sks you - - - 6 bars for L5¢ - - - - asks you 2 bars for
15¢ - - whet Jane would pay for 2 bers for [i5¢ - - - - =
2 times 6 are - - 10 - - - - (long pause)
Inv: Just can't work it?

Diena:  Ho.

I'rom the preceding discussiocn it may be scen that good problem
solvers solved their problems with clear insight more frecuently, with
pertial insight cboubt as often, and with doubtiul insight much less often

than poor problem solvers, Illustraticns used in explaining the various
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kinds of insight show that both good and poor problem sclvers are
capable of all three kinds of insight, and that when clear insight did
occur among poor problem solvers, there was little real difference in
the procedures of the individual pupils. BExeamples of partial, or vague
insight on the part of good and pcor problem sclvers revealed that
individual performance of pupils from both groups was much the same.
While doubtful insight was much more infreGuent among good problem
solvers, the examples studied indicate that these pupils performed in
much the same manner as poor problem solvers when they were unable to

grasp the essentials of the meanings of the problems.
Utilizabion of Vocabulary Clues in Insight

Insight through word and number clues.,-- Examination of

recorded vocalizations revealed that pupils would dwell on a word or =&
phrase, emphasize a certain part of the problem, linger over a term or
a nunber, or in some other manner indicate that they were paying special
attention to the vocabularly content of the verbal problem in their search
for clues to the solution. Such behavior is illustrasted in the solution
of Problem 1 by dJoan T., of Froblem 7 by Cerl B,, and Problem 6 by Ronnie
G., all good problem solvers. Ronnie's solution is especially interesting
in that it shows how recognition of certain words and number clues per-
mitted him to make progressive changes in his work, and finally arrive
at a correct solution to the prcblem,
Joant (lteads) A swimming pool is 75 feet long and 30 feet wide,

How far does Bill swim in swimming twice the length of the

pool?

Well = = = - - = 75 feet is - - - - - length - - - "long"
the enswer is 150 feep -~ - - - = =
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Inve How did you work it?

Joans I multiplied 2 x 75 - -

Inv: Why did you do that?

Joan: Because - - -~ - - Wong" is ~ - - the length of the pool -~
~ -~ and he swims twice the length of the pool - - - - - -
so I multiplied - - - = = - ~ = =

Inv: Is your answer reasonable?

Joan: = =~ = = - = = uhuh

Inv: Why?

Joan: Cause twice the length - - - = = = = = ~ = 2x75 - -~ -~
is 150,

Inv: Is your answer right?

Joan: Yes.,

Inv: Why?

Joans Hell = = = = = = becanse the pool is 75 feet long ~ ~ -
and 30 feet wide = = = = = =~ = = ~ = "long" -~ - is the
length of the pool ~ = = = - = .

LML,
SEEEEEEEERt

Carl: (Beads) 4t six a.m. the thermometer reads 7 degrees below
zero. At noon it read 29 degrees. How many degrees warmer
had it become?

Is that - - - - 29 degrees - - - below zero?

Inv: You'll have to figure that out, Carl.

Carl: Below =~ - - that's colder - - - - - I guess it would be
——————— 7 - ~plus 29 - ~ - 36 degrees - ~ -

Inv: Put your answy:ir on your paper - - =

Carl: It said = = = - - 6 a,ms¢ - - - - the thermometer read
————— 7 degrces - ~ - - - that's colder - - - = =~ =
and find out - - - - how many desrees - - -

"'A"\"‘"x"ﬂ’“
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Romnie: (Reads) 1 ry's mother wants to put linoleum on the kitchen

floor. nolewn is sold by the square yard., If the floor
is 15 feeu long and 9 feet wide, how many square yards will
she need?

- - = - = - -« ~ I think the answer is 135 sqguare yards - - =
Inv: Can you tell me how you got it?
fonnie: I multiplied 15 x9 - - -
Inv: Why did you do that?

Ronnie: That's the way I've learred how to find square feet -
to multiply length times width - - - - - -

Inv: Do you think it is reasonable?

Ronnie: Yes - - - - I think so - - - -

Invs Why?

Ronmmie: (Wo foply - - = studies the problem intently;
Inv: Do you think it is right?

Ronnie: I - - - - think so

T T I LT

L5 square yzrds - - - - - -

- -~ -~ = I see vwhore T made a mistake
I think the zngswer is

[SNRELN 14

Inv: Why did you change it?

Ronnie: This is only - - - feet - - - and the question is - ~ - -
how many square yards - - - - will she need - - - =

Inv: I see -~ - - Can you tell me why you - - - -

Ronnie: Well - - - - I just figured - - - - one - - -~ no - - -
wait a minmte - - - - = I still made this one - - - =

(sigh) = - - = - Let's sec - - - - Ch wait - - - - now
let's see = - - - where I made a mistake - - - - I think
itts 15 - - - - czuse there's 9 square feet in 2 squar

vard - - -
Inv: There is? How did you know that?
donnie: That's whet I leerncd in arithmetic.

Inv: You mean you memorized it?

Ronmnie: Yessir - - ~ our arithmetic teacher told us thut and I
remenbered it,
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Poor problem solveis, likewise, sometimes gave special attention
to the vocabulary of the problems. Femilizrity with the vocabuleary of
the problems and realistic application of the meaninge of the words and
ideas conteined in the problems are evidenced in the solution of Sylvia N.
to Problsm 1, Tom Il. to Problem lj, and lonald B. to Problem 3. These
pupils, all poor problem solvers, readily found and interpreted verbal
clues to the problems and proceeded to present careful solutions to the
problems. Honald had some trouble expressing his terms, but he seemed to
know what they meant and gave every indication that he knew what he was
doing when he worked the problem.

Sylvia: (Reads) 4 swimming pool is 75 feet long and 30 feet wide
tow far aoes bill swim in swimming twice the length of the

pocl?
T want to add 75 and 30 feet - -~ - - - - - - twice ~ - -
and - - - I'11l get - = - - = = 95 feet - ~ - -

Inve Why?

Sylvia: Cause - - - he'll swim twice - - - across the pool - - -
and it is 75 feet long - - - and 30 fect wide - - - - -
and you add = = = - -

Inv: Is your answer reasonable?

Sylvia: Yes (nods).

Inv: Why?
Sylvia: (Fause - - - - no answer).
Invs Is it ricnt?

Sylvia: Yes (nods).
inv: Why?

e - A croso s ; W o e
Sylvia: DBecause - - - - = it is just how "long" - - - - the "length"
- - - of the pool is - - - - :
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Inv:
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Ronald:
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Ronald:

Inv:

Ronald:

Inv:

Ronald:
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(Reads) Tom's father drives a city bus. DBefore starting

on a route, the speedometer read 28 - 9 -~ 65. At the finish
of the trip it read 29 - 0 - 11, How many miles did he drive
on one trip.

Um - = - - = (zumbles) ~ - - - - what does that "one trip"
mean?

What do you think it means?

When it starts at lickicken and comes back to ieilicken?

Go ehead and try to work it. - - - - ~ How did you get it?
Subtract 28 = 9 - 65 from 29 - 0 - 11
2%%}1
28965
0L
Why?

It says how many miles did he drive on one trip?

YRR R VR VR VRVRVE VN
oo EEEE

I divided L8 into 3552 ~ -~ - - - - (vocalizes his division)
The answer is Th = - - - = pounds a bushel - - - -~ (pause)
——————— that's my answer,

How did you gebt it?

There's 18 pounds in a bushel (problem said basket) of
apples - - - - and so it says how many bushel would it be
————— it would be 7!, bushels -

How did you work it?

Divide.

Why?

It says how many bushels.

Is it reasonable?

Yes.,

-

vhy

Cause it said - - - - how many bushels.
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Patient and painstaking recognition of word and number clues is
seen in the solution to Problem é by Ray H., a poor problem solver. He
reflected his clear insight into the problem, not only by the careful
reading and identification of ideas, but also by the methodical checking
procedures ofifered in proof of his accuracy.

Rays (Reads) Jeean had $3.50 in her purse. She paid 35¢ for a
movie and 20¢ for a soda. How much money did she have lei't?

T\l

5¢ - - ~ - - she spent -~ - - - - - -~ - - and she had - - -
- = $3.50 - - - - - and she spent 55¢ altogether - - - -
- - = = = 2,95 left.

and she had
Inv: Put it dowm on your paper. dow did you get it?

Rays Well, - - - - see - - - - - - she spent 35¢ for a movie -~ -
~ - ~8ee - - -~~~ and 20¢ for a soda - - - - see - - =~
that makes 55¢ - - - - - see¢ - - - - - and 55¢ from $3.50
- - - - ~S@& - = - =~ - -~ makes - - - 32,95 - in her
purse,

Inv: tYhy did you work it this way?
Rays Well - - = - - - - - T could work it this way, too - - ~ -
(works $3.50 minus .35 equals $3.15 = - = - = $3.15 minus
.20 equaels $2.95) It gives the same answer.
On scme occasions failure to recognize important word clues to
a prohlem rendered tne proilem solver unable to sce the significant key
which would urlock the real nesning oi the problem, This was true in

the case of iHzncy Y., a pood problem solver, in ner attempt to work

Froblem 7.

Jancys (Reads) At six a.m. the thermometer read 7 desrees below
zero. At noon it read 29 degrees. llow many degrees warmcr
had it become?

You have to subtract - - - - = 7 from 2% - - - - =
22 degrees - - -~ - -

Inv: How did you get it?

Nancys I subtracted 7 from 29 - - -~ - - -
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Inv: Why?

Nancy:  If you know how - - - - - uh -~ - - warm - - it was in the
morning - = - = - - and want to know how - - - - uh - - =~
how warm it was later - - - - - - uh - - you'd subtract - -

Inability to find the verbal clues to the problems could like-
wise be observed in the work of poor problem solvers. Julia P,, a poor
problem solver, made an apparent effort to find the key to unlock the
secret of Problem li. She "went by the question®, and attempted two
rendom computations, but was unable to complete a correct solution.
Simon C., also a poor problem solver, found his vocabulary totally
inadequate for solving Problem 3. The words in parentheses are words
that he was uneble to pronounce.

Julia:  (Reads) Tom's father drives a city bus. DBefore starting on

a route the speedometer read 25965, At the finish of the

trip it read 29011, How many miles did he drive on one trip?

Subtracts: 29011

28965
9u6

The answer is 946 miles.

Inv: How did you get it?

Julia: Well - - - - I went by the question - - - - The question

Was - - - - - hew meny miles did he drive? - - - - Wait
a minute - - = - ~ =~ that isn't right - - - - - - = - -
Inv: Want to work it again?
Julia:s  Yes! - - - - = = - - (vocalizes as she adds)
29011
28965
57974
Tow ¥ got it - - - - - uh - - - ~ - I added 20965 and 29011,
Inv: Why?
Julias The reason I did it - ~ - - = I went by the guestion - -~ ~ -
how many miles did he cdrive by the trip - - - - - the first
time I - - - = = I'd better read it agsin - - -~ - ~ - (reads)
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----- - -well = - - = = =T add - -~ - = = -~ 20965 - - -
and 29011 - -~ - - - - and T got = = = = 57976 = -~ - -

Inv: Why?

Julia:  Well - - the question said - - how many miles did he drive
on one trip - - - - - -

Simon: (Reads) A (basket) of apples (contains) about 48 (nounds).

A lurge (truck) has (on it) a load of 35 - 52 pounds of

apples. How many (baskets) would that be?

Can't find - - - - - how many - - basketls fhat would be - -
Inv: Can you start the problem?
Simon: Can't see muthin' to start - - - - -

As might be expected, poor problcm solvers were mors often
deficient in understanding of the vocabulary than good problem solvers,
When, however, good provlem solvers experienced vocebulary difficulty

their procedures in the solution of the problems wer. in most respects

similar to those of the poor problem solvers.
Insight Through Social and Economic Information

sources of information cbout insight.-- Vocalizations of pupils

during problem solving freguently revealed that both good and poor
problem solvers used social and economic information which they thought
applied to the problem situsation. The efrectes of this practice upon
problem solving were not always apparent, ifor associations might have
taken place without audible or writien evidence, Such vocalizations

J
together with the answers to three guestions, asked routinely of all

uplls after they had solved a problem, prcvided evidence of the applica-
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tion of social and economic information in problem solving. The questions
were:

1, Why did you work the problem that way?

2. Why do you think your answer is reasoﬁable?

3. Why do you think your answer is right?
In the analysis of the data answers to these Qquestions were examined and
vocalizations were reviewed for evidence of the use of social and
economic information in problem solving. From this analysis it was
obvious thulb three kinds of problem-solving behavior were practiced by
good and poor problem solver in associating social and economic back-
ground with the solutions of arithmetic problems. Individual sclutions
have, therefore, besen classified as follows: Social solutions charac-
terized by the pupil's identifying himself with the problem situation,
directly or vicariously, or in some other ianner indicating bthezt he has
experienced some aspect of the problem or the social behavior related
vo it. lechanical solutions charecterized by reference only to mechanical
or computational ideas while the problem is being solved end dependence
upon that type of reasoning for evaluation znd justification of the pro-
cedures used. Doubtful solutions characterized by failure to give any
sensible reason such as "I don't know," "I just worked it that way," or
by obvious or admitted ignorance of their procedures.

Comparison of the frequency nf the use of social znd economic

information by good and pocr problem solvers.—~ Analysis of individual

solutions shows thet sood problem solvers aoplied sccial and economic
information to their solutions about twice as often as poor prcblem

solvers. It was somewhat surprising, howvever, thet they zave mechanical
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justification for their solutions slightly oftener. Poor problem solvers
gave doubtful interpretations of their solutions {ifteen times as often
25 the poor problem solvers. The basis for these statements has been
obtained from Table 5.

Good problem solvers depended upon social and economic informa-

tion more frequently than poor preoblem solvers, In other words, good

3

solvers, mors often than poor problem solvers assscicted their

2]

orobl

N

1

i)

own experiences with the solutions to their problems. An example of this
can be scen in the work of three good problem solvers, Hobert C., who
reassured himself of the accuracy of his solution by citing his own
expariences with money, Jo T., who indicated clear understanding of the
meaning of a lnad of apples, and Phyllis (., wiho became involved in
interpreting her auaswer to Froblem 7 Lecause she thoughl the theriometer
might be rising tco rapidly.

Robert: (Reads) Jean had $3.50 in her purse. She paid 35¢ for a
movie and 20¢ for a soda, How much did she have 1left?

I can tell right away - - - - she had $2.95 (two ninety-
five) Jeft - - - - - but if you want me to tell you how I
got it = = = = =« - - =

Inv: Put it on your card. How did you worl it?
Robert: Well - - ~ ~ = you add 35¢ and 204 together - ~ - - and

subtract from $3.50 and get §2.95.
Invs: Why?
Roberts Thut's the way to work it.
Invs Is it reecsonable?
Bobert: I spend almost that much every time L go to town,
Invse Is it right?

Robert: Yeh - -~ - I could ses that right away.
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TABLE 5

THE NUMBER OF SOCIAL, MECHANTICAT, AWD DOUBTFUL SOLUIIONS BY NINETY-SIX

SIXTH GRADE PUPILS, CIASSIFIED GOOD AND POOR PROBLEM SOLVERS, IN WORKING
EIGHT SELECTED PROBLEMS IN ARITHMETIC,; BASED UPON TEE VOCALIZATIONS OF
THE PUPILS AND UPON THETR ANSWERS 10 THREE QUESTIONS: WHY DID YOU WORK

THE PROBLEM THAT WAY? WHY DO YOU THINK THE ANSWER IS REASONARLE? AND
WHY DO YOU THINK THE ANSWER IS RICGHT?

Classificstion Humber of Number of Humber of

of the Pupils Social Mechanical Doubtful
Solutions Solutions Soluticns

Good problem

Solvers 130 251 7

Poor problem

Solvers &l 122 106
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Joz (Reads) 4 basket to apples weighs about L8 pounds. & large
truck has on it a load of 3552 pounds of epples. How many
e?

N

baskets would that b

Well - - - divide 3552 ~ - by L0 - - - - to see how many
baskets that will be - - - - (vocalizes her long divisicn)
- ~ - that would be 7 baskets on the large truck - - -

Inv: How did you get it?

jos Well - - - I found out how many pounds = - - how mauny L8's
will go into 3552 - - - - because each - - - - coatains L8
pounds of apples - - - and after I found out - - - - it was
7L - - - and that was how many baskets & large truck will
hold - - -

Inv: Is it reasonable?

Jo: Yes, I think so - -

Inv: thy?

Jot Well - -~ - - - - if there were 3552 pounds - - ~ - and you
divide by 48 - - - - = it would come out 60 or 7U0. 4 large
truck coculd hold 7L beskets - -

Inv: Ts it right?

Jo: Yes.

Inv: Why?

Jos: I just think it is a ressonable answer.

KYRIXTR VRV EVEVRVEVRYY
Ty

IaSINA NN SN

Phyllis: (Reads) &4t six ... the thermometer read 7 degrees below
zero. 4t noon it read 29 degrees. How meny degrees warmer
had it become?

Well - - - = 7 degrees would be below zero - - - - 29 degrees
would be gbove - - - - - - zero - - - - - You would zdd - -
-~ =-t0 29 - - - ~youweuld add - ~ - = = =7 = = = ~ ~ -
36 degrees.

Inv: How did you work it?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



70

Phyllis: Well - - - - I added how many degrees below it was ~ - - -
and how many degrees it became above - - - - - and I got
how many degrees it became warmer.

Inv: Is it reascnable?

Phyllis: I don't know whether it could become that much warmer - - -

Inv: Is it right?

Phyllis: I'm notsure - =~ - = = =

Inv: Do you know any other way to work it?

The frequency of social solutions to problems by poor problem
solvers was not so great as by good problem solvers. But examples of
such solutions were apparent, and in such cases resembled the work of
the good problem solvers. dJulia P., a poor problem solver, showed excel-
lent social insight into Problem 6 which she worked efficiently and
correctly. On the other hand, Connie D. also a poor problem solver,
became so concerned over the social and economic implications of her
answer that she lost her confidence in the answer to Problem 6.

Julia:  (Reads) Jean had $$3.50 in her purse. She paid 35¢ for a
movie and 20¢ for a soda. How much did she have left?

(Vocslizes) = = = - ~ - my answer is $2.95 (two ninety-five)
The way I did it is - - in the problem it says - - - 35¢ for
a movie - - and 20¢ for a soda - - - I added - - - 554 - -

and then I subtracted from three-fifty - - - after I subtracted
~ = I head two ninety-five.

Inv: Is it reasonable?

Julia:  Yessir.

Inv: Why?

Juliaz Cauée ~ ~well - - If T was Jane - - I'd do the same thing - -
because I'd want to find out how much I'd spent for the wmovie

and soda - - then I'd want to find out how much I had left -
~ - - - 50 1'd subtract - - -
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Inv: Is it right?

Julia: Yes.

Inv: Why?

Julias Then if I wanted to check it - = - I'd just - - - -~ I'd add
55¢ to two ninety-five - - (mumbles) oh - - oh - - three-
Fifty.

[RYETETRYRATEYR

R T
DRl At T iy

Connie: (Reads) Jean had $3.50 in her purse. She paid 35¢ for a
movie and 20¢ for a soda. How much aid she have left?
No ~ - - she couldn't - = - = = = wn - - - - (whispers) - -
- - - (mumbles) - = -~ = = = - (long wait) = = = = = = = - =
2.95 (two ninety-five).

Inv: How did you get it?

Connie: She had $3.50 in her purse - - - - - and she took 55¢ - -
- = =55 - -« o - - - and she had = = - - - = 52495 = - =
- - = ~ That's still wwrong - - - = - - - If she had three-
fifty - - - - and spent 55 - - ~ - - she couldn't possibly
have two ninety-five left - - - - = could she? - - - - -
She might - = = - - - - why if she had three-fifty - - -
and she up and spent 55¢ - - - - - she couldn't possibly

have two ninety-~five left.
Invs You don't think it is rignt?
Connie: No siri

lixamples of socisl thinking in which the wrong method of solu-
tion was adopted were discovered among good as well as poor problem
solvers, Although the problem was incorrectly worked, the pupil con-
tinued to Justiiy the solution through socizl and economic experiences.
Por example, John G., a good problem solver, worked Prcblem 7 incorrectly,
but he tried to explain his solution by reference to his knowledge of a
thermometer, In enother instance, Roland H., a poor oroblem solver {rom

an impoverished home, unconsciously revealed economic uressures when he
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commented, "She must not have had the money to buy six bars."

Johne

Inve

John:

Invse
Johns
Inv:

John:

Roland:

Inv:

Roland:

Inv:
Roland:
Inv:
Roland:
Tavs

Roland:

Invs

Roland:

Cause I wanted to find out how many degrees warmer and I
thought it would be ezsier to subtract.

Is it reasonable?

Yes - = = ~ = but - - - it would have to warm up pretty
fast - - - - or the sun would have to shine - - - - - -
cause 22 degrees - ~ - ~ =~ seems like it would take a long

time to get up that high.

Is it right?
Umhum,
Why?

Cause 22 plus 7 is 29.
SHEREERESR
(Reads) A grocery had a special szle on scap at 6 bars for
iS¢, At that rate, how much would Jane pay for 2 bars?
. . 1
Teke 2 into L5 - - - = = (vocalizes) - - - - - 225 -~ - -
How did you get it?

It wants to know how much 2 bars would cest if it sells
6 for L5¢.

Why did you work it that way?
It's all that I could think of.

Is it reasonable?

Yessir,

Why?

Why, - - - if she wanted to buy 2 bars of scap -~ - - it
was on sale at Lb5¢ - - - ~ - she must not have hod the

noney to buy six Lars - - -
Is it right?

Yes,
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Inve Why?

Roland: If six bars cost L5¢ - - - - then if she bought 2 bars - - -~
- - - it would be L5¢ divided by 2 - - - - which is 22%¢.

As shown in Table 5, mechanical solutions were somewhat more
frequent among good problem solvers than emong poor problem solvers.
These solutions are characterized by adherence to inechanicual or computa-
tional reasons for the justification of their problem solving behavior.
Lois 8. and Jack R., both good problem solvers, worked Froblem 1 and
Problem 8, respectively, with only token reference to concrete ideas or
social and economic experiences, Their solutions were correct, but they
were based entirely upon mechanical thinking.

Loist (Reads) A swimming pool is 75 feet long and 30 feet wide.
How fer will Bill swim swimming twice the length of the pool?

Well - - - I would multiply 75 times 30 - = = no - - = I
would take thirty times 3 - - - - that would be 60 feet ~ -
my ansver is 60 feet wide = - - ~ Oh ~ - - = I don't think

that's richt - - - -

Inv: Do you know how to work it?

Lois: The answer is 150 feet - - - It's 75 feet long - ~ - if you'd
swim it twice - - - it would be 75 times 2 equals 150 feet.

Inv: Is it reasonable?

Lois: Yes,

Invs: Why?

Lois: Why - - uh - - (laughs) 2 times 75 is 150 - - that's all I
can figure out - - - -~

Inv: Is it right?

Lois: Yes

Inv: Whyr?

Lois: Cauée 2 times 75 - - - I think I multiplied it right - - -
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Jack: (Reads) lary's mother wants to put linoleum on her kitchen
floor. Linoleum is sold by the square ysrd. If the floor
is 15 feet long and 9 feet wide, how meny square yards will
she need?

Maltiply 15 x G = = - - - (vocelizes his multiplication)
is 135 - - - - - There are 9 square feet in a square yard
----- so I'd divide 9 into 135 = - - = =

Invse What is your answer?

Jack: 15 square yards.

Inv: Why did you work it that way?

Jacks That's the way to work it.
Inve Is it reasonable?

Jack: Yes.,

Inv: Why?

Jack: I think that'!s the way to get it.

Inv: Is it right?

Jack: Yes., |

Iav: Why?

dJack: Thaﬁ's the way we learned to work these problems.

Mechanical solutions, likewise, were employed by poor problem
solvers, Herbert i&., a poor problem solver, solved Problem 1 incorrectly,
found his mistake and then worked it correctly. Al no time was there
any evidence that his solution was based vpon social or economic informa-
tion. A4s far as could be observed his thinking was purely mechanical,
and the reasons given ifor his procedures and evelustions of those pro-
cedures were slso mechanical in naturz. This is again illustrated in
the werk of John S., a poor problem solver who used only mechaniceal
thinking in the spoken description of the work he did in solving

Problem L.
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Herbert: (Reads) A swimming pool is 75 feet long and 30 feet wide.
How far would Bill swim in swimming twice the length of the
pool?

110 feet.

Inv: Work it with your pencil,

Herbert: (Works problem)

Inv: How did you get it?
Herbert: I added 75 and 30 ~ - « « =
Inv: Why?

Herbert: T héd to add - - - -
Inv: thy?

Herbert: (lio answer)

Inv: Is it reasonable?

Herbert: o sir - - -

Invs Do you know another way?
Herbert: Yessir, - - - = = = 150 feet -~ - - -
Inv: hy did you - - - =

Herbert: Cause it said twice the length - - - -
Inv: Is it reasonsble?

Herbert: Yessir.

Inv: Why?

Herbert: Czuse it said twice the length - - -
Inve Is it right?

Herbert: (No answer)

John: (Reads) Tom's [father drives a city bus. Before starting on
a route, the speedometer read 20965, At the finish of the
trip it read 29011, How meny miles did he drive?
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(Pause) - = = = - - He'd drive L6 miles.
Inv: How did you get it?
John: I subtracted.
Inv: Vhy?

Johnt To find out how many miles he drove.

Inv: Is it reasonsble?

Johne Yessir,

Inv: Why?

John Weli - == - = - {no answer)
Inv: Is it right?

John: Yessir.

Tnv: Why?

John: I think T subtracted correctly,

Sometimes it was impossible to tell what was in the mind of the
pupils as they discussed their solutions to the problems. although
the ratio of such incidence was almost ten to one with low achievers
using deubtful reasons more often, a good problem solver showed in some
cases the same kind of ambiguous reasoning as that characteristic of
meny poor protlem solvers. In his solution to Problem 8, Billy i., a

good problen solver, floundered about in an indefiniie method of solution,

s
W
w
o
l.}
R

then was unable tu give oy Llopicel reoigon for an answer that

was right, Herbert A., ncor problem salver, seened incapable of teking

the first constructive step toward solving Problam 5, and then defended

his solution by vague, indefinite reasoning.

Billy: (Reads) Hary's mother wants tc put linoleum on her kitchen
floor. Linoleum is sold by the square yard. If the floor is

15 feet long end 9 feet wide, how many square yards will she
nzed?

ERAAR
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1548 = = = = = == == =yh = - - - (long peuse ) - - -

uh - - - well - - - there is 9 square feet in 1 sguare yard
-~ === = ~3and 80 - - = - - - = @ feet thet would he 1
square yverd - - - - - 9 feet - - - - that yould be 1 -~ =~
square yard - - - - - - 9 feet - - - that would be 1

squere yard - - - - - - 9 feet and 15 feet would be 1 footl
and 6 left over - would be 2/3 of a square yard

would be 6 square feet - - - - - -~ that would be 2 squars
yards and & feet.

Inv: Put that dowm on your card - - How did you work it?

4- =3
v

-— - = = SY1G

9]
O

Billy: Well - - = = = - 1 sguars yard 1 Teet
so 9 in the question tnere is = ==~ =--9 feet - - - S0
there is 1 yerd - - - - - and there is 15 - - - - - and 9
is going into 15 - = - = =1 -~ - - and 6 over and so that
would be 2 soumare yards and 1 foot - - -
Iy why did you work it thet way?
Billy: I hadn't thought of any other way.

Inv: Is it reasonabie?

Invs Why dees it sound reasonable?
Billy: It just does.

Inv: Is it right?

Billy:  Yes.

Inv: Why?

BEilly: I don't know.

ale on soap at 6 bars for

Herbert: (Reads) A grocery had a specizl s
would Jane pay for 2 bars.?

L54, 4t thet rate, how ruch

(mumbles - - not eudible) Take 18 - - - - how many - - -
nhs-~-«----=-youldbe 9 - --=-2x9 is 18 - -~ - -

Invs Is it a reasonable answer?

Herbert: Yessir,
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Inv: Why?
Herbert: Cauée I think that is the way to do it.
Inv: Is it right?
Herbert: Yessir. |
Inv: Why?
Herbert: Cause I think that's the way to do it.

Lois H., & poor problsm solver, oblailned a corrsct answsr 1o
Problem 7, but at no time did her answers to the questions indicate the
slightest understanding, either social or mechanical, of what she had
done. It might be assumed that a fortunate guess gave her the correct
method of computation. There was nothing in her vocalizations that

explains how she might have arrived at a correct solution othner than by

chance.

Lois: (Reads) AL six a.,m. the thermometer read 7 degrees below
zero. At noon it read 29 degrees. How much warmer had it
become?

(Pause) = = = - - = add - = ~ =~ = - 29 plus 7 ~ - - =
9 and 7 is 16 = = = = =2 and lis 3 - - = = = = That's
36 == == - - -

Invs: How did you get it?

Lois: I added.

Inve Why?

Lois: I don't know.

invs Have you no idea why?

Lois: (Pause) - - - - - L wanted to find - = - = how - = - ~ -
much nmore - - - - - =

Inv: Is your answer reasonchle?

Loisse Yes.

Inv:e iWhy?
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Inv:
Lois:
Inv:e

Lois:

79

Why - ~=-=- - =-hnm-m« -« -« = Idon't know - =« = -« = - ~
Is the answer right?

I don't know,

Might it be?

It might be;

Is there a better chance that it is right than wrong?
Yes. |

Gary S., a good problem solver, solved Preblem 5 correctly. At

no time was he sure of his answer or the method employed. He felt no

security in his answer and was unable to give any logical answers to the

questions asked him.

Gary:

(Reads) A grocery has a special sale on soap at 6 bars for
L54. At that rste, how much would Jane pay for 2 bars?

Well = = = ~ = = = = I'd divide - - = 15 by 2 - - - and that
. . 1. o
would give me - - - - (voczlizes) 225¢ for two bars of soap.

How did you work it?

Well - - = I think = - - (seems doubtful) - - if & bars cost
L5¢ - - = 2 bars would cost - - - 2 into L5¢ - - - or 225¢ -

Is your answer reasonables?
I'm not sure - - - -

Hant to try again?

(1ong wait) Well L5 - - - 48 -~ = = = h5 divided by 6 - - -
is 75 -~ - - - 75 plus 73 - ~ - - is 15¢ (doubtful) - - -

Is your answer reasonable?
I'n not sure - - -~ - -

6 divided by 2 is 3 (doesn't know what to do with the 3)
(longz pause)

(Finally) Which answer do you think is right?

I think it would be 15¢
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Inv: Why?
Gary: I'm.not sUre = = ~ - -

Shirley C. was completely lost in her solution to Problem L.
She used three mechanisms: incoherence, evasiveness, and silence in
response to guestions about her procedure.

Shirley: (Reads) Tom's father drives a city bus. Before starting on a

route the speedometer read - - - - - 2 million - - - - = 2
thoug - - = = = 8 - = = 8 - = - (long nruse),
Inv: Go ahead if you can't read it
Shirley: (Continues) At the finish of the trip it read - - - - -
29 thousand 11, How many miles did he drive on the trip?
Invs: Go ahead.
Shirley: (Proceeds to add the two mmbers) 5965
29011
55976
The answer is = - = 5 - = = million - - ~ - 89 - - - ~ oh
- -5 - - thousand - ~ = 8§ = = = hundred - - - uh - = = ~ 5 -
- - - million - - = = 89 = - - - thousand - - - - - - 76.
Inv: How did you get it?

Shirley: I subtracted.

fnv: Why?
Shirley: No - - - - I added - - -~
Inv: Is it reasonable?

Shirley: Yessir.
Inv: Why?

Shirley: Because -~ - ~ = uh - - - ~ because - - - - you can't work

those two -~ - - -~ it won't come out - - - - ~ - you can't
work it - - ~ ~ -
Inve Is it right?

Shirley: I read it wrong - - - - - = L can't get those fractions - -
. e e - - - (yuts it down and adds again)
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29011
28965
58976

The reason I wrote it upside down was to see if I'd get the
same a11sWer - - =

Inv: Is it right?

Shirley: Yes.

Inv: Why?

Shirley: (Long pause - - - = no answer) - - - - -

Association of socisl and economic information with the problem
solution was more likely to occur in the work of good problem solvers
than in that of poor problem solvers. Poor problem solvers, on the
other hand, were much more likely to attempt the solution to & problem
without any idea of relating meanings to the ideas expressed in the
problems. Solving the problems by mechanical reasoning, however, was
about as frequent among good as among poor problem solvers. Individual
efforts of good problem solvers resembled that of poor problem solvers

in examples of the uvork of pupils from each group.
Insicht through Labeling of Answers

Further evidence of the insight a pupil had gained through his
experiences with the problems was found in the frequency of correct
labeling of the answers. The answer to the problems used in the study
were labeled in two ways: The pupil might write the name of the answer
on the cerd containing the written solution or might say the name of the
answer aloud when he read or announced his results. OSomebtimes a pupil

labeled only his written answer; sometimes he lebeled only the oral
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answer; on some occasions he label=d both and on some, he lsbeled neither
the written or spoken answer. Table 6 shows the frequency of written
and oral labeling by good and poor problem solvers in working the eight
arithmetic problems used in the study. Good problem solvers labeled
their answers both orally and written, about twice as often as poor
problem solvers. Poor problem solvers had about twice as many incorrect
labels as good problem solvers.

Labeling of answers was twice as freguent among good problem
solvers as among poor problem solvers. The work of June C,, Irene T.,
and Richard C., 2ll good problem solvers, shows the significance of
labeling to these pupils. To them it was a necessary and important part
of the problem-solving procedure.
Junet (Reads) Tom's father drives a city bus. Before starting on

a route the speedometer read 28965, At the finish of the trip
it read 29011. How far did he drive on one trip?

Put down 29011 and take from it 28965 - - - - 29011
-~ - = L6 miles ~ - - 28965
i3 miles
SHEEEEEEEE
Irene: I'd multiply - - - ~ (1345 x 15) - - - = 20,175, - - =
un - - - - this was supposed to be dollars and cents - ~ -

Inv: what is your answer?

Irene:  $201.75.

Richard: (Reads) In one day 13L5 children visited the zoo. ‘They
paid 15¢ each to get in to see the animals, How rmch in
all did they pay?
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W
TABLE ©

THE WUMBER OF CASES OF CORRECT ORAL AND WRITTEN LABELING OF ANSWERS BY
GOOD AND POOR PROBLEM SOLVERS, IN WORKING EIGHY SELECTED PROBLEMS IN
ARTTHMUTIC :

Classification Correct Oral Correct Written Incorrect Oral and
of Pupils Labels Labels Written Labels

Good Problem
Solvers 300 203 13

Poor Problen
Solvers 153 37 2L
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That'd be = - - = - ~ 15 x 1345 - - = - - - (vocalizes his

multiplication) -~ - - - - - - 20 - - uh - - thous - - - uh

- - - (changes answer) - - - - - $201.75.

That'd be 15 cents - - - a child would pay. You'd want to

find out how much each child would pay - - - - - - - You'd

multiply 15 cents times 1345 to find out how much they all
pay - ~ = -

Although the poor problem solvers were only cbout half as likely

to label their answers correctly, correct labeling did occur. The work

of Tom #. and Carl J., both poor problem solvers, was typical of that

of other pupils in their group. These pupils recognized that the answer

had to have a name if it were to be reasonable.

Toms
Inv:
Toms
Inv:

Toms

Carl:

I multiplied 15¢ times 13L5.
Why did you do that?
I wanted to find out the answer.

Is it reasonable?

Huh - Uh ~ = = = ~ I mede a mistake - - I don't have no
places - I don't have no decimal points - - - you'd have
920175,

FEEEEEEEEN

(Vocalizes his multiplicetion) I multiplied - - - - twenty
thousand, one hundred, seventy-five - - - I multirlied - - -
there's 1315 children at 154 each - - -

Is your anesver reasonable?

Uh-huh - - - -

Why?

Um - - it should be dollars - - = now - - that's $201l.75.

In some cases there was cvidence among high achievers that

abstract methods were followed, answers announced, and no steps taken

to translate the abstractions into concrete answers. Romnie G., a
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good problem solver, labeled only the answers that werce concerned with
money. £11 others ware abstractly given, but the interviewer believed
that understanding was such that any of them could have been translated
without difficulty if there had been pressure to do so. His work in zll
eight problems provides the basis for this conclusion.

Problem 1
Ronnie: T figured - - be twice the length - - - be 150.

Problem 2
Ronnie: I figured 13L5 times 154 - - - - be $201.75.

Problem 3

@
Lx]
l_h
[
-\']
=

Ronnis: The answ
Inve How did you gel it?
Romnie: I divided L8 into 3552 and got Tlie
Problem I
Ronnie: (Puts down problem - quite awvare of the zeros)
29011
25965
@E—LE

I don't need thosz - ~ - (zeros in front)
The znswsr is L6

Invs: How did you get it?

Ronnie: I subtracted 28965‘from 29011 - - - ~ and got Lé.
Problem 5

Ronnie: The enswer is 15¢

Inv: How did you get 1%7%

Ronnie: Well I figured 2 bars is 1/3 of six bars - = = - = I
divided 3 into L5 - - - ~
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Inve

Ronnies

Ronnie:
Inv:
Ronnie:
Inv:

Ronnie:

Ronnie:

Problem 5
The answer is 2,95,
How did you get it?

Well - - I added 35¢ and 20¢ end got 55¢ - - - then I subtracted
55 ~ - from $3.50 - - - -

Preblem 7
T think the answer is 36.
How did you get it?
Well - - I figured - - - I added - - - 29 and 7 and got 36 - -
Why did you do that?

Well T figured it woulc be 7 degrees up to ~ -~ - zero - - and
then 29 more would be 36.

Problem 8

(Was unahle to work it the first three attempts. “inally he
located the source of his trcuble.)

I think it is 15 - - ~ beczuse there's 9 square feet in 1
square yard.

Solutions by Gaorge W., a poor problem solver who omitted all

lebeling, reflect complete lack of understanding. His eight solutions

were all wrong except that to Problem 6, and he was unable to read that

anstver correctly.

George:

George:

George:

Prchblem 1
You 2dé - ~ - - 75 nlus 30 - -~ - - is 105. (wrong piocess)
Proolem 2

You multiply - - - - 13 x 13~h5 ~ - = - and get -~ - - - -
20 thousand ~ - 1 hundred and 75. (figures correct)

Problen 3
You divide - - = = = 18 into - = - thir - - - thir - - -

35 - =52 - - and - - - (2all mixed up in his cosputetbion)
- - - ~ =~ the answer is 51 - r 5,
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Problem L

George: Answer is 9 million 9 thousand 51, 28965
29011
995l

Inv: How did you get it?
George: I subtract the lowest from the highest.
Problen 5
(answer 15¢)

George: (Multiplies 2 x L5) 2 times 5 is 10 - - - 2 times L is 8 - -
and L is 9 ~ - = - - - The =uswer ig

(inswer $2.95)
George: I'd subtract - - - - - The answer is 2 hundred 95, (2,95)
Froblem 7

(Answer 26 degrees)

George: I - - - - - I--=---- I - - I --=--- I'g
addeme - - - = - - - (long pause)a = a -~ - - ilo, I'd sub-
tract - - - ~ - - = my 7 from 29 - - - - - bring down my
2 - = - - - 22,

Problem 8

(inswer 15 sq. yds.)

George: She needs - - - - she necds - ~ - - = she needs - - - -
she needs = - - - - about - - - - = 1l square - = - = - =

Inv: How did you work it?

George: I've got it right - - - - 15 is 1 ~ - - - floor is 15 fth.
long = - - - - = and 9 ft wide - ~ = = = = == = - Yessir,
she needs 1 square - - - - - L

Carol D. and Nency S., both good problem solvers, feiled to
visualize the guantitative value of the answer to Problem 2, left it

unlabeled and omitted the decimal point.
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Carcl: (Vocalizes her multiplication) 1345 times 15 is - - - two
thousand, one hundred seventy-five - - - 1o - - - vait a
minute - - ~ twenty thousand, one hundred, seventy-five - -

Nancy:  (Vocalizes her multiplication) 13L5 times 15 ~ - answer 20,175.
Invs How did you get it?

Nancy: I multiplied.

Inv: Why?

Nancy: Cause there's 1345 children and each child paid 15¢ - - you'd
have to find out how much they paid in all - - - -

Inv: Is it reasonable?
Hancy: Yes.,
Inv: Why?

Nency:  Well - - - 1345 is a lerge number - - - and it comes out 15
times it and I think it would be - - - -

The work of Robert D. and Carolyn S., both poor problem solvers,
resembles that of the twe pupils just showm.

Robert: I'd multiply - - ~ (vocalizes his multiplication) twenty thou-
sand, one hundred, seventy-five.

Inv: How did you get it?

Robert: I multiplied.

Inv: Why?

Robert: Cause 1345 children wanted to go to the zoo and it cost 15¢
each.

Invs Is it reasonable?

Robert: Yessir.,
Inv: Why?

Robert: Cause 13,5 children would cost a lot of money to go to the zoo.
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BBEREEEEEE
Carolyn: I'd multiply - - - - - (pause - no vocalization) - - -
answer - - - twenty - thousand - -~ one hundred - - seventy-
five.
Inv: How did you get it?
Carolyn: I multiplied - - -~
Inv: Why did you do that?

Carolyn: Cause I wanted to find out how mmch they all paid - - =
Labeling of answers occurred in two ways. Pupils labeled in
writing the answers to their written solutions and they spoke the name
of the answer in announcing or discussing their results. Good problem
solvers were more likely to lsbel correctly then poor problem sclvers.
However, the illustrations show frequent cases of unlabeled znswers
among good problem solvers and frequent instances of proper labeling

among poor problem solvers.
Summary

Insight has been defined in this chapter as the degree to which
a pupil is able to recognize the significant aspects of a problem, to
assoclate meaning and understanding with those aspects, to apply logical
computation to the solution of a problem, and to evaluate the final
results of his solution in terms of his own experiences.

Four patterns of behavior indicative of insight into the problems
emerge as the result of the analysis of the data: the general evaluation
made by the pupil of the entire preoblem situation, the utilization of
vocabulary clues in problem solving, the use of social and economic

information to develop insight into a problem, and the extent of labeling
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of answers as an indication of insight into the problem.

Good problem solvers, in their general evaluation of the problems,
showed clear insight about four times as often, vague insight somewhat
less frequently, and pocr problem solvers showed doubtful insight six
times as of'ten as good problem solvers. Clear insight into a problem
occurred when a pupil read the problem effectively, attacked the problem
te information geined through the reading, showed proper
Judgment of the problem situation, demonstrated a critical evaluation of
the answer and reasonable confidence in the eppropriateness of the answer.
Vague insight into a problem was characterized by faulty reading, obscuredv
number relations, imperfect or hesitent selection of methods of attack,
inadequate notions of the meaning of *the answer, and lack of coniidence
in the appropriateness of the answer. Uoubtful insizht was characterized
by the inability to bezin a solution, choice of method for no apparent
reason other than a random effort to compute, fragmentary understanding
but conplete bewilderment as to how to spply those fragments, and
incoherent, meaningless attempts to explain the solution.

Jocabulary was a factor in the solutions of the problems and in
the insight experienced by both good and poor problem solvers, Illustra-
tions from the work of both good and poor problem solvers show the imvor-
tance of word and number clues to the pupils from each group.

In applying social and economic information to problem solving,
good problem solvers applied social information to their problem situa-
tions twice as citen and mechanical or computational reasoning to the
same extent. Poor problem solvers showed doubtful thinking fif'teen

times as of'ten as good problem solvers. Social soluticns to problems
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are those in which the pupil identified himself with the problem situa-
tion, directly or vicariously, or in some other manner indiccted that he
had experienced some aspect of the problem or of the behavior related

to it. Mechanical solutions to thae problems were those in which pupils
referred only to mechanical or computational ideas while the problem

was being solved, and depended upon that tyre of reasoning for evaluation
and justification of the msthods or procedure used. Doubtful solutions
to the problems were those in which pupils failed to give any sensible
reason, such as "I don't know", "I just worked it that way", some
incoherent reason, unintelligible reply, or silence in answer to the

questions.

Good problem solvers labeled their answers in the written solu-
tions and in their vocalizations twice as often as poor problen solvers.
L.ebeling was done by placing the nams of the answer on the written
solution, or by saying aloud the name of the answer when the results
were announced after completion of the problem. Illustrations given in
support of the data show that in many cases labeling was an essential
part of the problem solution. Other ceses revealed that abstract soclu-
tions, completely without labeling, did occurs

In general, zcod problem solvers were more proficient in all
aspects related to insight into a problem situation. They more often
were able to see clearly the meenings of the problems, they used vocabu-
lary more expertly, they appliesd social thinking more frequently, and
labeled their answers more oiten. They were not as likely to show
doubtinl insight, to reflect vocabulary fallures, to become bewildered

over social and economic implications of problems or fail tc lebel their

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



92

answers correctly.

The group data in the chapter show in relation to insight that
good problem solvers are more likely to show greater clarity of insight
than poor problem solvers. On the other hand, individual examples
clearly indicate that when both good and poor problem solvers are
successful, they employ similar procedures. Likewise, when they are
unsuccessiul, the good problem solvers employ procedures lilke those of

the poor problem solvers.
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CHAPTER V

THOUGHT PROCESSES AND THEIR RELATION TO ARITHMETTC PROBLEM SOLVING
The Purpose ol the Chapter

The importance of insignt into the situation presented by an
arithmetic problem was discussed in Chepter IV. It was shown that
pupils achieve varying degrees of insight into the meanings of problems.
Regardless of the desree of insight, however, the pupil must select a
method, aprly that method and evaluate the results of his efferts. The
thought processes related to these activities are many and dive.se. ior
the purposes of this study they are divided into three main groups: the
thouzht processes involved in the choice of a method, those ccnnected
with the use of that method, and tiie tnought processes related U
evalustion of the results of the use of the methcd.

It is the purpose of this chapter to present the data that
show the frequency with which gcod and poor problem solvzrs employed the
various kinds of thought procésses in selecting, applying and eveluating
methods. Data related to choice of a method are discussed in the first
section of the chapter, those concerning the application of the method in

the second, while data related to the eppraisal and evaluation of the

results of the msthod are presented in the third section.
Thought Irocesses cof Pupils Used in Choosing Hethods of Solving Problems

The data, as shown in Table 7, indic=te that good
problem solvers chose correct :ethods more than twice as oiten as poor
problem solvers. Those deta were derived by careful scrutiny of each

rroblem, aiter which thz method used in working the problem was classi
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TABLE 7

THE NUMBER OF CASES I WHICH GOOD AND POOR PROBLEM SOLVERS, CHOSE RIGHT
AD WRONG METHODS ¥OR SOLVING EIGHT SELECTED PROBLEMS IN ARTITHMETIC

Number Number
Classification of of ilight Weong
Pupils Pupils Methods Methods
Geood Frcblem
Solvers 53 38h 297 47
Poor Problem
Solvers L8 384 145 229
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right or wrong. When 2 pupil chose a method that would produce a
correct answer to the problem if a1l computation and interpretation of

gsults were accuratsly done thet method was ccnsidered a corract method.

¥

A1l others were designated as incorrect methods.

55
The frequency cf sccial, mechanical, and doubtful reasons for
choice of a method of solution is shown in Table 8, Here it is showm

reasons twice as oitan as roor

that good preblem solvers gave social
oroblem sclvers, and mechanical reascns aboutl the same number of times.

Poor problem solvers, however, gave doubtiul reasons eighteen btimes as

n

ofter good problam solvers., 4 social reason was one in uwidch pupils

3
[O]
4]

referred to some cocial or economic information, or in wnich hec associated
some social behavior of his own with his choice of methode. IHechanical
raasons were those in which the pupil referred only to the menipulative
or computational procedures used in the preblem, Doubtful reasons vere

unintelligible, incoherent, unrsl:zted to the procedures, or based upon

obvious or admitted ignorance of the reason for the choice. All decisions

)

as to the kind of reason given were based on vocalizations of the pupil
and the answer to the third of seven guestions asled the pupil following

each solution., This guestion as showun on page 39 was "ihy did you work

the problem that way?®

vere glven vhree times @

5]

Table 3 s that socicl reasons

O

.L

often by good problem sclvers as by poor problem solvers for the choice

of method for sclving the problens. The solutions of Jo T. and Pobert G.,

o

both gocd problem solvers illustrate this kind of thinking. Both pupils
secmed to be able to visualize the social implications of the problem and

to disucss the meanings cf the numbers as tney made tueir cioice of a

methed,
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TARLE 8

r T REERAY TAT TAROT A AT AT 1 o I LA G S YTIORE et AT
HE NUITBER OF SCCIAL, MECHANICAL, 4D DOUBINUL RmASONS GIVEN BY GOOD AND

POOR PROBLEM SOLVERS, MOR THEIR CHOICE OF METHOD IN WORKING EIGHT SELECTED
ARTTHMETIC PROBLEMS

Number Iarber Number Number Number
Classificetion of of of of of

Pupils Problems | Social Mechanical | Doubtful

Haasons Reasons Reasons
Good Problem
7/

Solver L& 3L8 105 25L 6
Poor Problem
Solver L8 348 39 20k 105
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Jos

Inv:

Jos

Robert:

Iavse
Hobert:
Invs

Robert:

(Reads) Jean had %3450 in her purss. She paid 35¢ for a
movie and 20¢ for a soda. Ilow much money did she have left?

I i1l add 35¢ and 20¢ to see how much she will spend in 2ll
~ - - That makes 55¢ - - - - Then I subtrzct 55¢ from [53.50
and find out - - - get - - -~ $2.95

Why did you do that?

IFirst I found out how much she had with her - - - then I
found out how much she spent « - - then I subtracted ~ - -

(Reads) In one dey 13L5 children visited the zco. They
peid 154 each to get in to sce the animals., How much in
all did they pay?

Multiply 15 x 1345. - - - - (vocalization correct) 5201.75.
et it? |

How did yon

[4¢4

Multiplied 15 x 1345,

Why?

Reﬂauoe there's 15¢ to get in to s2e the animals and there!
1345 children. The question is to sce how much they =11 paid
- - = - = - §201.75 - - -

Is the answer reasonable?

Yeh.

Why?

Well, - - - bacause there's about 1345 children that goes to

this school (his ovm) here, and we have to pay 10¢ apiece
- -~ - - - -~ if they paid 15¢ apiece - - it'd be reasonable.

Although it was only one~third as frequent, pcor preblei solvers

sometines gave clear scciel reasons for their choice of method. Ixamples

of’ this

both poor prcblom sclvers, They chose the correct mebhod:

the pro

kind of thinkinz may be seen in the work of Pat L. and Leis H.,

\/’)

and solved

ems correctly. Their reasons Ior doine this appareantly were

basad principally upon some nravious expariences of their own.
k k L i L
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Pat:

Loiss

Inve
Lois:

Inve

Loisz

often as

depended

$8

I'd multiply 1345 x 15¢ - - - - - I'd do that because 135
is how many children is there - - - - - and 15¢ is how much
they spend - - - - - (vocalizes her multiplication) draw a
line and add - - - - - They'd - - - $201.75 - - - - -

How did you get it?

I multiplied it because there's 13L5 children and they svent
15¢ there - - = = = and I got my answer - - - -

Is it reasonable?
Yes.
Why?

So many people - - - - so many children - - - would cost
that much - - ~ -

(leads) Jean had $3.50 in her purse. She paid 35¢ for a

movie and 20¢ for a soda. How much money dic she have left?
Jean had $3.50 - - - - you add 35 and 20 - - thst is 55¢ - - -
and you subtract 55¢ from $3.50 - - - - (vocalizes the sub-
traction) - - - the answer is 1j2.95. - - -

How did you get it?

I zdded and - - and - - multiplied - - I added and subtracted -
Why did you do that?

Why she bought two different things at two different prices.
She would have to scze how much that was and then she would
have tc subtract from the other - - -~ -

Hechanical reasons were given by good problem solvers about as

by poor vroblem solvers. DBoth good and poor problem solvers

upon their computationzl processes in much the same way for

Justification of the methods chosen. Irene K., a good prohlem solver and

Shirley C., a poor problem solver, beth referred to the computational

processes they had used wien they were asked to explain their methods.
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Irene: (Reads) In one day 13L5 children visited the zoo. They
each paid 15¢ to get in to see the animals, How much in
2ll did they pay?
1345 children - - ~ - paid 15¢ = - = - - (vocalizes her
multiplication) two - o - one - seventy - five - - - -
altogsther -- -

Inv: How did you get it?

Trene: rlultiplied 15¢ and 1345 and got two - o - one - seventy -

five - - - - :
Inv: Why?
Irene: Because it gives me the answer if I rultiply 15¢ x 13L5.
Iav: Does it sound reasonable?
Irene:  Umnhum.
Invs Why?
Irene: It just does.
Inv: Is it right?
Irene:  Umhum. |
Inve Why?

Irene: 15¢ x 1345 equals #201.75.

Shirley: (ieads) In one day 1345 children visited the zoo. They each
paid 15¢ +to get in to see the animals. How much in all did
they pay?

I'm dividing -~ - - that's wrong - - - - I'11l multiply - - - -

Inv: What is your answer?

Shirley: $201.75 - - -

Inv: How did you get it?

Shirley: I multiplied

Inv: Why?
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5

Shirley: Ceuse it asked how much in all did they pay? Um - -
(places decimal) 201.75. :

Inv: Is it reasonchle?
Shirley: Yessir. |
Inv: Why?

Shirley: (no answer)

Invs Is it right?
Shirley: Yessir.

Inv: Why?

Shirley: Cause - - I - - added thel - - - - - cause - I - multiplied
first -~ - and then added - - -

Problem 2 was solved incorrectly by both Wally H., a good
problem solver, and by Doneld il., a poor problem solver. Their reason
for selecting their methods was tne same, a reference to their mechanical
processes.

Wallys I think I'1l multiply - - - 15 times 1345 - - - (stumbles a
1little as he vocalizes his multiplication)

Inv: What is your ansuer?

Wally: 20175

Inv: How did you get it?

Wally: Hultiply 15¢ each times 1345 - - -

Inv: Yhy?

Wally:s  To find how much &11 of 'em cost - - - =
Inv: Is it reasonable?

Wally: Yes - -

inve Why?

Wally: I just think it is - - - -

Inv: Is it right?
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Wally: Yes -~ -
Inv: Why?

Wally: Cause that's the only way I could work it - -

Donald: Fultiply 1345 times 15¢ - - - - (vocalizes)

Inv: What is your

NSTIers

(48]

Donald: 20,175 - - -
Inv: How did you get it?

Donald: If there were 1345 children - - - and they each paid 15¢
- - - - - I'd have to multiply - - - ~ -

Inv: Is it reasonable?
Donald: Yes.
Inv: Why?

Donald: Well - ~ - the figures - - - - vhere I ml.tiply - - - - they
come out right - - - - -

Inv: Is it right?
Donald: Yes.
Invs Why?

Donald: Well - - - if they each spent 15¢ - - - - - and there were
1345 children -~ - - - I multiplied and got that - - -

Table O shows that good problem solvers were much less likely
to give a doubtful reason when asked why they solved the problem as they
did. They did, however, sometimes give reasons that are hard to evaluate
in terms of any sipnificant reason on the part of the pupil. The solu-

tion of Ellen H., 2 good problem solver is an example of this kind of

thinking.
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Ellen: (Reads) IMary's mother wants to put linoleum on the kitchen
floor, Iinoleum is sold by the square yard. If the floor is
15 feet long and 9 feet wide, how meny square yards will she

need?
Well - - - - - add 15 and 9 together - - - - that would be 2L
feet - - - 27 square feet in a square yard - - - divide 2L
by 27 - - = but - - - - - (long peuse) I'm stuck - - -

Inv: How did you work it?

Ellen: I said 15 feet plus 9 feet - - - = are 2L feet - - - -

Inv: Are you right so far?

Ellen: I'm not so sure - - -

Inv: Do you know how to work it?

»

Fllen:s I don't think so - - ~ we work them all the time - - but I
don't think I can work it - - - =

Ais shown in the solution of thomas J., a poor problem solver,
the saue type of behavior occurred in the work of poor problem solvers.
In this problem Thomas shows no workabls plan for solving thie problem,
has done some random selection, and cannot Justify his choice.

Thomas: (Reads) Mary's mother wants to put linoleun on the kitchen

floor. Linoleum is sold by the square yard. If the floor is
15 feet long and 9 feet wide, how many square yards will she

need?
She needs - - uh - - - (multiplies 15 x 9) Oh ~ - - I think
I got it wrong - ~ - -

Inv: Whet should you have done?

Thomas: I should have added - - - - 29 feet - -~ - - - -

Inve Why?

Thomas: DBecause it sai
many square ya

O

7/

than 15 plus

d - - = if a floor is 15 by 9 feet - - - how
rds will she need - - - - it'll have to be more
- = - 50 ¥ auded - - -

Imnediate and delayed choice of methods of solution.-- The time

spent by gecd end poor uroblew solvers in choosing a method of working a

F
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problem varied. Some pupils chose a method immediately, beginning
computation immediately after reading the problem and continuing to the
announcement of the answer without further consideration of the fitness
of the method. Others delayed their choice; re-r=ading the problen;
exhibiting deliberate thinking, false starts and reconsideration;

begzinning comoutational procedures and then returning for another evalua-

e <]

tion of the method. Table 9 shows the frceyuency with which good und
poor problem solvers chose a method without hesitation or delayed.their
choice of a method for additional thinking., Good problem solvers were
somewhat more prompt than poor problem solve:s in choosing a method.

The pupils! own evaluation of their work apd the questioning
that followed each solution sometimes prompted beth geood and poor problem
solvers to re-evaluate their methods of solution. Table 10 shows the
frequency with which good and poor problem solvers raconsidered their
solutions to the problems they had worled, as well as the frequency with
which both groups accepted their first solution without any change. Poor
problem solvers somewhat less frequently reconsidered thz solution and
the method they had adopted in working the problea. They more often
alloved thelr originzl cholce of method to stend without re-evaluation.

Table 9 indicates thet many pupils reached imuediate decisions

J-

in their choice of & method for working the problems, Others lin

before deciding upon a methed. Cood and poor nreblem solvers employed

both practices, scmetimes in much the same way. GCGocd problem solvers,
somewhat more fraquently than poor, made prompt decisioans in choice of a

mathod. Poor problem solvers were mere likely to delay that choice,

Actuvally, when individual upils werc studied, good and poor problem
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TAILE 9

THE NUMBLER OF (i8S OF IMMWDIATE AND DELAYED CHOICE OF & METHOD OF SOLVING
R

..... TA ETHO
EIGHT SELECTED P‘tﬂu MS IN ARITHIMETTC BY COOD AND POQOR PRODLEN SOLVERS

Yumber | Humber Immediate Choice | Delzyed Choice
Classification of of of a of &
Pupils | Problems liethod Meothod
Good Problem
Solvers L3 38} 348 36
Poor Problen
Solvers 13 384 295 73
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UMBER OF TIMES CCOD AND POOR PROBLEM SCLVERS RECONSIDERED THEIR METHOD
OF SOLUTION IN SOLVING EIGHT SELECTED ARITHHETIC PROBLEMS

umber Number Racensicdered Did lot
Claszification of of Their ethod Reconsider
fupils Problens of Solution Hethod of
Solution
Good Problem
Solvers L8 384 1 56 328
Poor Problam
Solvers L8 38k 69 259
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solvers selected their methods in much the same manner, as shown in the
following examples. In these examples prompt choices cf' the correct
method were made by two good and two poor problem solvers in solving
Problem 7.

Jack Ro: (good) I'd add 29 plus 7 equals 36 degrees.

Richard C.: (good) You'd add 29 plus 7 equals 36 degrees.

Ar3eaT AR AL A AL

Y Y Y Y

Jdim S.: (poor) It became 36 degrees warmer.

Invs How did you get it?
Jime I 2dded 29 ané 7.

John S.: (poor) 3& degrees - - If it wer: 7 degrees below - - it
would have to go up 7 degrees tc get to zero - =
and 29 more would bhe 36.

Sometintes good results were obtained by both good and poor

problem solvers by delaying the choice of the method. The following

o
¢
exanples show successful solutions to problem 7, when the method of
solution was chosen deliberately.

Gary S.: (good) ibove or below - - (lons pzuse) - - (mumbles) - -
36 degrees warmer - - (pause) - - had to work tfrom
gero to 7 below - goes up to zero -~ -~ then on up

to 29 - - added 29 anda 7 - -

RYRYRYRYE VR RYR YR VE.V)
A Iw i w il

Jani Rt (good) Well - - - (pause) 7 degrees helow zero - - (pause)
that'd be 7 - - (paure) and 29 - - (pause) that'd
be 36 degrees - -
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R A A K AL TS

A
axelyixiwiwiwivie]

[

Paul 1

ot (poor) l=mm - - (pzuse) - 7 degrees below zero - -~ (rause)
is 7 below zero - - and put down 7 - - (pauss) and
add 29 ~ (pause) ~ 9 and 7 are 16 - - and 2 - ~ and

I carried 1 and I get 3 - - - 36 degrees.,
Both good and poor problem solvers made the wrong first choice

of a method. Table 7 showed that good problem solvers werc almost twice

as likely to cheeze correct metheds as peor prcblem sclvers. When indi=
viduel pupils are consicered, however, little difference could be seen

in the behavior of good and pcor problem solvers in cases wliere these

pupils had chosen the incorrect method and had not altered their choice.
Salena T.: (good) You'd have to say 7 from 29 - ~ 7 from 9 is 2 - -
2 from Q0 - - is 2 - - - - 22 degrees - -

VIV VIVIVIvEvY
S=EEEE8ERR:

N

degrees - ~ and subtract 7 degrees -~ ~ 7 from ¢
2 - - - - leaves 22 degrees - - -

O

Helen Go: (good) 2

-
w

Carl J.: (poor) 29 degrees - and subtract 7 degrees - - - is 22

degrees -

Gertie P. (poor) inswer 22 degrees - - -

Inv: low did you get it?
Gertie: I tock 7 from 29 and I got 22.

Sometimes puplls delayed their decisions and still cnose the

[52]

iy

wron;; method of working the nroblems. when this occurred, there wa
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solvers. The following examples show similar thinking by good and by
poor problem solvers.
Marilyn De:  (good) 4t six awm. ~ - (long pause) - I don't think I

can - - - - ~ ~ (pouse) - - - - - answer is 22
degrees - - -

AL AN AL
g

Jim He: (good) 7 degrees belouw gero is - - - - (pause) is 29 degrees
- - (pruse) well - - - 30 deﬁrecs - -~ if 29 at noon
- - and 7 at six a.m. - (pa se) so you'd teke
7 from 29 - - and get 22 -

Tom M.t (poor) Subtract 7 from 29 - - - wmm - mn - - can't do that
- - - hmm - boy that would make it lower - - ummm -
- - 0h - - I found my mistake - - 22 degrees - - n
- -=uh - - I subtract 20 - - iirst it wvas - ~ - at
noon it was - - 29 - - above - - so I'd subtract

SIS LISt

I ISP IS

Gteorge We: (poor) I'd - - -I--1I--I--1"'dadidem - -
o, I'd Id - - (long pause) - - -~ Oh
- - - T qvobrﬁct - I subtract my 7 from 29
- - - ana bring dOwn my 2 - - is - - 22

Slightly more poor problem solvers than good problem solvers made
chanzes in their method of solution. When the inaividuel cases in which
pupils did change their methods are considered, certain similarities can
be sezen in the reesons ilor doing so. Jacqueline B., & good provlem
solver, and Thomas J., a poor proovlem solver, chose incorrect methods of
working Problem 7. H&ach consldered the signifiicance of the answer
produced by thet method and discarded it in favor of another solution to

the problem.
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Jacqueline: 22 degrees - - - - =

Invs How did you work it?

Jactuelire: I subtracted 7 irom 29 ana got 22 - - - =
Inv: Why?

Jacqueline: Because it was 7 degrees below and ab ncon it went up -
29 degrees - - - so I subtracted 7 :rom 2§ - - -

Inv: Is it reasonable?
Jacqueline: Yes.,
Iav: thy?

Jaconelines (pause)

Inv: Is it right?
Jacqueline: lio, I don't think it is - - -~ - - T don't think jou should

subtract 7 from 29 - - -
Inv: Wihat should you do?
Jactueline: T think you should addem - - - - -
Inv: ihy?
Jacqueline: DBecause it was 7 below - - and 1t we
ana warmer - - - and then it was 29 deg

put them ltogether to see how much higher and varmer it
got - - - -

ISEEREERNEE

AR N AN X}

Thomas: Uh - - - I multiplied 29 by 7 and sot - - - 203 - - =

. RN Ale S ——— €3
Inv: vﬂxty did you work it b ey 3

3

Thomas: I think - - - - -~ - - it is wrong -~ -« - - I'am gonna - add
29 and [ = =~ = =

inv: what is your answer?
Thomas: 36 degrees.

Inv: How did you ~et it?
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Thomas: I added 29 end 7 - - - - =
Inv: thy?

Thomas: Because it read 7 degrees below zero - - - and at noon
it read 29 degrecs - - - - in order to get that high you'd
have to add up - - - =~

Thomas J., a noor problem solver, end Diane N., a good problem

solver, took the wrong course in beginning the solution teo Iroblem 1.

O

Recensideration brought a change in method in both cases. Uiane's

C
evaluetion is clear and her reasons ior the change apparent. Thomas
moved from his incorrect method to the correct one without showing any

evidence of why ne made the change. Yet, one can see that eveluation of

the results nad taken place and tuat bhe {irst answer nhad been rejecieds

Diane: He had to swim 420 feet if he swam twice the length of tne
pool - - - there's two sides - - 150 feet - I hﬂd to find out
+hy both lengths are - - it's 60 feet - - - and I add both
answers together and zot 210 - - - ani 2 times that is 2Lo -

fect -~

Inv: Is it recasonable?

Diane: I don't know - - - I think I di it wrong after 211 - =
T think I did it wrong - - - If he swam twice the length -~ -
~ he swam 2 bimes 75 feet - - - he suanm 150 feet - -

Inv: Why?

Diane:  Well, first I was thinking something else ~ - I don't think
I read very carefully - - - -

\’
A
s
o

Thomas: I'd multiply 75 ti imes 30 - - -~ = it'd give wme now Zar hs swan
eelt - - - -

Inv: Is it reasonsble?
Thomass Uhuh - - -

Inv: Why?
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Thomas: Why he swem it twice - - so I'd ald 75 and 75
Inv: what is your answer?
‘homas: 150 feet = - - -

Choice of methods involving "type solutions'.-~ Table 11 shows

the fregquency of "iypre solutions" in the methods chosen by good and poor
problem solvers. While these solutions appeared in only one problem out
of ten, such a proportion is some indaicetion that they were of some
significance. Good and peor problem solvers employed the '"type solution™
to approximately the same extent. & "type sclution® is one in which the
problem solversdid one of thrac things: (1) They adopted the method
used in the preceding problem without considering its appropriateness to
the present solution, (2) They jwmped to conclusions shout the objec-
tives of the prollen vhen they recognized verbal or numnor clues and
began computation without verifying their procedures. ror exaaple, in
Problem 1 (4 swimming pool is 75 feet long end 30 feet wide., How far
does Bill swim in swimning twice the length of the pool?) the extraneous
"and thirty feet wide" prompted some to solve for area and otuers for
nerimeter. (3) Theyvfollowe\ a ruls or formule with little zmore than a
mechanical reason f'or its adoption.

& study of individual cases revealed that good and poor problem
solvers made approximately the same errors in respect to "type solutionsh,
The tendency to icllcw a method established by the nreceeding problem may
he illustrated in the solutions to Problem 3 by Wally He, a good problem
solver, and Alfle C., a poor problen solver. The preceding prchblem,
Problem 2, was solved by multiplying a four-digit rumber by a two-digit

mreber (1345 by W15).  Ssemingly, without considering the wcaning of
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Problem 3, both pupils multipled (3552 x L8) instead of dividing and
accapted the product without question as their answer.

YWelly: I think I'11 multiply - - - 48 x 3552 - - (vocalizes uis
multinlication) one hundred QlAtV~el”ht—mlllen - - - four
s

o

-
hundred nincty-six - - - (168,155 (comouuaLLon right)
Invs: How did you get it?

Wally:  ultiplied Lf times 3 hundred - - - 3 thousand five hundred
fifty-tuo - - -

Inve Why?

Wally: It's tleonly wey I could -~ - - =

Alfie: (Reads) 4 basket of spples weichs about L8 pounds. & large

truck has on it 2 load of 3552 pounds of aprles. iiow many
haskets wonla +that be?
Subtract - - - ko = - I think I would rmltionly - - (vocelizes
her multinlication) - - - - 17 thousand L hundred 96 - -
(170,498) (commut:plmn incorrect)

Inv: Why did you work it that way?

Allie: They want e find out how many baskehs - - - =

Inv: Is it resscnaple?

'
£
i
i
-

Inv: Why?
«iier 3552 pounds of apples ~ - ~ thore -~ - - - 18 pounds in a
beskst -~ ~ L3 times 3552 - - - sives 17 thousand

C\ [N

and
hundred zng 9¢

froblem 1 provided an invitation to the second “iype™ of solu=-

o

of accepting clues oifcred by words and nwibers in the nroblem

ct

tion, tha
iteelf, The presence of extraneous figures dezling with width sugnested

perimeber to some students and area *to others. In Problem 1, ‘ike L., a

good rrodlem solver, and Pet L., a poor problem solver made anprovimately
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the same error in choice of a method, that of solving for perimeter

instead of twice the langth of the pool as the problem had asked,

Tikes (Qee s) A swimming pool is 75 feet long and 30 fest wide.
How far would blll swim in swimming twice the length of the

pool?

That would be 2 x 75 and 2 x 30 - - -~ - 210 fest - -~ -

Inv: How did you get it?
T mdeviplied - - - - o - - - I added - - then mudiiplied,

Inve Why?

rilkes There's two ways of working it - - - I could have added them
together end then multiplied - - - L took the easiest way - - -

Pate L long ond 30 feet wide.
trrice the length of the
T multiplied 75 times 2 = - - = 150 - - - I do thne same with
30 - ~add - -~ - =
Tav: What is your ansuver?

Pat: 210.

Inv: How did you get it?
Pat: I put 75 - - and multiplied by 2 - -~ and I got 150 - - I did
the same with 30 - - - - snd got 80 - - = then I out 60 under

150 and zdded ~ - - and got - - 210 - -~ ~ -

Selving for area was anovher "Eyne! error sometines found in
solutions of both good and poor problem solvers. This was suggestzd by
the presence of both dimensions in the gwroblem data. Irene T., a zood
provlem solver, and Robert U., a poor problen solver, follci=d the same
verbal clues in deciding upon a method for solving Froblem 1.

Irene: (Bea2ds) -~ -~ - - you multiply - - - 2250 feet - - -

Inv: How did you get it?
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Irene: I multiplied - - -
Inv: Why?

Irene:  Because I wanted to find out how many feet he swam - - - -

[YEVEVEVR PRVEVEVRVEY
FEEESEEEEEs

Robert: (Reads) Hltiply - - - -

Inve What is your answer?

Dobert: 2250

Inv: How did you get it?

Robert: I subtract - - - - I mean I multiply - - - -
Invs: Why?

Hobert: Ceuse the problem asked how far he'd seim if he swim twice
the length of the poor -

The third technigue, that of following a iormula or rule in
solving & problem, was used by both good and poor problem solvers.
Problem 8 was somebimes solved without the pupil seeming to be aware of
anything except a rule he had learned for similer problems. Hichard C.,
a good problem solver and Jim S., a poor problem solver, arrived at a
solution te Problem 8 in much the same memmer, obviously folloving a
formla lserned ior such problems.

Richard: (isade) ilary's mothsr wishes te put linolsum on her kitchen
floor. Linoleum is sold by the sguare yard. If the floor is

15 feet long and 9 feel wide, how nany square yerds will she

need?

15 times 9 is - - = = = 135 - - - - There are - - - let's

ses - - - 9 sguare feet in a scusre yard - - - - 135 divided

by 9 is - - - - (vocalizes) 15 square yards - - -

Invs Why did you work it that way?

Richard: Well - ~ - that's the way we learned to do this kind of
probleas.
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Jims (Reads the problem) 15 square yards = - - -
Inv: How did you get it?
Jim: I -~ -vuh - - - multiplied - ~ 15 by 9 and got 135 - - -

square feeta I - - - - divided by 9 and got -~ - - 15 sguare
yards - - -

Invs Why did you work it that way?
Jims That's the way we learncd it,
Inv: Is your answer reasonzble?
Jims Yeah ~ = ~ =

Inv: iny?

Jims I don't knov.

Inve Is it right?

Jimse Yes - = I think so -~ -

Inv: Why?

Jgims: Cause I can prove it - - -

The choice of method by rood preblem solvers was more often
based upon sociel ressons, then those ol poor problem solvers, and upon
mechanical reasons abcut as often as poor problem solvers. Poor preoblem
solvers gave doubtiul reasons for choice of 2 method eighteen times as
often as good problem solvers, Good prcblem sclvers chose their methods
somewhat nore promptly and once having chosen them, changed less fre-
quently., Use of "type solutions" was aboul as frequent in the choice of
method by good and poor nroblem solvers, with about one in ten pupils
using type solutions., In the matter of choosing a mcthoc, zood problem
solvers, as a group, were more proficient than poor provlem solvers.

Vhen individuel ceses, as shown by the illustrations glven, are considered
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the work of pupils of the two groups was much alike.
Thought Processes of Pupils While Working the Prcblems

One of the purposes of this investigation was to study the
thought processes of good and poor problem solvers while engaged in
solving problems in arithmetic. In order to establish & basis for
classifying such thought processes three descriptive terms have heen
adopted; The term "abstract" was given to thought processes characteriged
by selection of a method oi solution with little or no reference to the
subject matter content of the problem, and by calculation based purely
upon the mechanical relations of the numbsrs. In this type of thinking,
the method was of primary importance; social and economic information of
little significance, The term "concrete! was applied to thinking processes
characterized by social and economic references made during the solution,
by weighing the impoftance of the subject matter content of the problem,
and by associatinz the problem solver's own experiences with the situation
described in the problem. The term "random" was used in relation to
thought processes characterized by illogical or dissociated thinking,
cloudy or distorted reasoning, by guesswork, and by obvious or admitted
ignorance about how to preceed with a solution. 41l data concerned with
the solutions oif the problems were reviewed and th2 thinking processes
accompanying each solution classified as indicated into the three cate-
gories: namely abstract, concrete, and random. These deta are presented
in Table 12 which shows thzt abstract thinking wes more than twice as

irequent among good as among poor vproblem solvers, and thabt concrete

thinking was almost twice as common ameng cood problem solvers. Random
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TABLE 12

THE TREQUENCY OF ABSTRACT, CONCRETE AND RANDOM THINKING EMPLOYED BY GOOD
AND POOR PROBLEM SOLVERS IN WORKING 1IGHT SELECTED PROBLEMS IN SIXTH
GRADE ARTTHMETIC

Pumber Number
Classifiication of of Abstract Concrete Random
Pupils { Problems Thinking Thinking Thinking
Good Problem
Solvers L8 384 23l 117 33
Poor Problem
Solvers L8 3384 108 65 211
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thinking, as shown by the same table, occurred six times as often among
poor am among good problem solvers.

As stated above, abstra.ct thinking was twice as frequent among
good problem solvers as among poor problem solvers. The work of Carol D.
and Vera C., both good problsm solvers, illustrates the manner in which
these two pupils applied abstract thinking to the solution of the problems.
In each solution reference was made only to the computational procedures
and the mechanics of problem solving. Both had correct answers, and both
pupils worked the problem elfzctively.,

Carol: (Reads) Jean had $3.50 in her purse. She speat 35¢ for a movie
and 20¢ for a soda. How much did she have left?

(Solves the problem) - - - answer is two - ninety - five
Inv: How did you get it?

Carol: Well I took 35 and 20 and added them together - - and I got
a - - =55 - -« ~and I tock 55 from 3 - 50 and got - - 2 ~ 95,

Inv: Why?

Carol: Well - - - well you gotta find how much 20 and 35 are to begin
with - -~ - - and if you take that from three fifty you {ind
how much you got left - - -

Jou g

SESLALM AN s A A

A w il Al wiariwiwiy
Jeras (Reads) 35 plus 20 is 55 - - - - I take 55 from three - fifty
two ninety five - -~ - -~
Inv: How did you get it?

Veras I added 35 and 20 and got 55 - - - and so L took 55 away from
three fifty and - - -

Invs And thet gave you what?
Vera: two - ninety - five - - -
Inv: vhy did you werk it that way?
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Veras wWanted to know how much she had left and you'd have to know
how much more sie spent te find out - - -

Poor problem solvers, likewise, applied abstract thinkinz to
the use of the methods they had chosen. This is illustrated in the case
of Honald B, and richael M., both poor problem solvers, who referred only
to computaticnal vrocesses in their solutions to Problem 6.
Ronald: You add 35 and 20 and get 55 - - - and after - - you take 55

you divide it by 3 -~ 55 - = - ~ and it will go - - - 35 -

35 - - is going to ke 6 - - 6 x 5 is 30 - - - (pause) - -

may I cross this out? - - - He had 2,95 left - - (two ninety
five)

Inv: How 4id you get

t?

}_}-

Ronald: Well - ~ you take - - you add - - - 35 and 20 - - - that makes
55 - - - - you subtract from three-fifty and you get two-
ninety-five - - - -

Inv: Vhy did you do that?

Ronald: You had to find out how much she had left so you'd subbract.

TR S R YRR R LS

Y A DAY A

iichael: (deads) You add these - - - - (20 and 35) and then - - - =
subtract 55 from three-fifty - - - the answer is tuo-ninety-
five

Iavs How did you work it?

tracted -~ - - -

(1

“Hichaels First I added - - - then I sul
Invs Why did you do thet?

Hichaels Recause thet's whatlI thinlk I should have done - - -
Inv: Is it ressonable?

tifchael: Yes - -

Inv: Why?

ifichzel: Cause that's vhat tho problem calls ifor - - -

Concrete thinking, like abstract thinking, occurred sbout tuice
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as often arong good problem solvers as amony poor problem solvers. This

<

kind of thinking, applied tc a problem solution, mey be seen in the work
of Pegpy . and Fhyllis CG., both good problem solvers. Both pupils were
avvare of the significance of the numericel values, and mentioned them in

cornecticn with the problem solutions,

and 20¢ to see how much she spent
e that from 3,50 -~ - - and you have

Inv: How did you get it?
Pegpy: 1 added 353 and 20¢ to see hcw much she spent - - - then I
subtracted that from three-fifty Lo sze now ruch sra had at

the beginning.
Inve Is it reascnable?

Teggyr  Well ~ ~ after she had paid that 55¢ she would have 2.9
laft - « =

Phyll

l*"
U)

: (Reads) Well - - - - you would take 35¢ and add 20¢ to it

- - = = = thut would be 55¢ -~ - which is what she speab - - -
Then you take §3 S0 eand subtract 55¢ from it and - - - she
had 42,95 left - - -

Phyliis: I added the tio amounts she spent together to find out how
he spent altogether - - I subtracted that from what she
had to s=2e how rmuch she had left - - -

Thylliss I think movies and sodas cost about that - -
Althongh the vrebability or its occurrence was only about half

that of rood prohlem solvers, poor problem solvers sometimes used concrete
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thinking in much the same manmer as good problem solvers. The work of
Roland H, and Carl J., both poor problew solvers, illustrates evidence
of concrete thinking. Both pupils made freguent references to meecnings

and associated the valuwes of the numbers with the results of the compu-

tation.

Roland: (% Add 35¢ edd 20¢ and get 55¢ - - - for a soda and a
movie - - - Take 55¢ from $3.50 - - -~ and - - ~ left 52.95.

Inv: Wyt

Rolend: She spent 35¢ for az movie and 20¢ for a soda - - - you had
to add 35¢ bto 20¢ to get 55¢ - - - all she spent ¢ - - Then
vou hul o subtract 55¢ from 4i3.50 to see the amount she had

laft
IEERREEEEE

Corl: (feads) T'd 2d3 - - - - 354 and 204 and get B¢ - - - - -
Then I'd teke $3.50 - - which is whet she hed in her purse
- - - 2nd subtract 55¢ - - - which ic what she spent - - -
and you get 52,95 - - - -

Inv: Is it reasonesble?

Cerl: Yessir - - -

Inv: Why?

Carls Cause ii she spent 35¢ for 2 movie and 20¢ for a soda - - -
sha'd have about 52,95 left - - -

Paul D,, a zoor problen solver, was not able to perform the

computation necessary to sclve Froblem 6 correctly. application of
concrete reassning enabled him to present a corrsct solution, even

though he was unsble to subtract $3,50 - .55 in the usual menncr, 3y

concrete reasoning based upon an obvious familisrity with monetery velues,

he solved the problem satisfzactorily.

Panls: (Reads) Jeen had 43.50 in her purse. She paid 35¢ for a
movie and 20¢ for o soda. How much did she have Left?
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(He has added 35¢ and 20¢ and has as the sum, 55¢. This
he subtracted from $3.50 - - - ~ - $3.50

055
2,05

Inv: Is it reszsonable?

Paul: Yes

Invs Why?

Pauls Because 55 from - - three-iifty - - would be two - o - five -

Inv: Is 1t right?

Paul: I - mam -~ - (pause) (ne ficures on paper) I got two -
ninety-five there - - - - - I don't think it is right -- -

Inv: Do you want to correct it?

Panls No = - - - = T don't think T can = - - = -

Invs Why do you think - - - -

Paul: Well -~ - - if I took three-fifty - - and took 50¢ oway - - -

that would be fif'ty cents out of there ~ ~ - that weuld be
three dollars ~ - - « then I'd tzke five cents out of three
dollars - -~ that would be $2.95 - - -

Inv: Is that answer right?

Pauls Yes - -

Inve Why?

Paul: Heli - - - - because - - - - - (pause) - - - - = I just

know it's right - - - - =

Random thinking vas much less frequent among good problem solvers
than ameng poor problem solvers, but, examples of undesirable kinds of
thinking were noticeable among the solubions of good problem solwvers.

Such thinking took plzce in the solutions of Irene T. and Diane N., beth

zood problem solvers., Irene attempted a random sclution, but apparently
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Irene: (Reads) Mary's mother wishes tc put linoleum on the kitchen
floor. Lincleum is sola by the square yard. If the floor is
15 feet long and 9 feet wide, how many square yerds will she
need?

You multiply - - - - its supposed to be yards - - - - 135
square yards - - ~ -

Invs How did you work it?

Irene: Uh - - - well - - - I worked it that way because - - - I wanted
to - - - -~ I wanted ~ - - - - knovw how much she needs ~ - -

Inv: Is it reasonable?

Irene: Yes -

Inv: Why?

Irene: Well - - - because I multiplied - - - 15 times 9
Inv: Is it right?

Trene: (Laughs) - -~ = - - Inaway L do - - - - and - - in a way I
r

don' - - - - I think maybe - - - - oh I guess it's right - -
—_ . e
Inv: What were you going to do*

’

Irene: I was going to adz 135 and 135 - - - - -

Diane: (Reads) At six a.m. thc thermometer read 7 degrees below
zero. bt noon it read 29 degress. How many degrees warmer
had it become?

7 from 29 and you'll find how many it raised - - - - it
raisec 22 degrees - - - - - since six a.m.
Inv: How <4id you get 1t?

=J

iane: At noon it was 29 -~ - ~ in the a.m. 1t was 7 degrees - - ~
- - to find ~ - ~ - I had to take my 7 from 29 and

get 22 - - - -

Invs Why?
Diane:s  Coulan't add ifor she'd gel nore - - - - Couldn't nultiply

for she'd get more - ~ - - couldn't divide ior she'd get
less - - - = So you'd have to subtract - - - -
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Inv: Is it reasonable?

Diane: Yes - - - - - if you had 29 and took away - - - you'd get
less = - - -~ =

Poor problem solvers much more frequently depended upon random
thinking. This may be illustrated in the work of Lois H. and Joann B.,
both poor problem solvers. It is difficult to see any constructive
steps toward solving the problem in their thought processes.

Lois: (Reads the problem) Iwltiply 9 x 15 - - - (vocaliges her
multiplication) is 135 square yerds - - - -

Inv: How did you get it?

Lois: I multiplied - - - To find how many sguare feet - - -
square yards she would need - =~

Inv: Is it reasonsble?

Lois: I don't know.

Inv: Is it right?

Lois: I den't know. ’

oples weighs about L8 pounds. 4 large

Joann:  (Reads) A basket of a
3552 pounds of apples. How meny baskets

sk
truck has on it
would that bef?

e

(She has divided 3552 by L§) Answer - - 89 r 10
Inv: How did you get 1t?
Joann: Divided - - -
Inv: Why?

- - no answer) - - - - - just thougnht I'4d Jivide - -

Joann:  (laughs

Inv: Read your answer.

Joanns Is it dollars - - - or childéren - - - no ~ - -~ it should be
cents -~ -

Inv: Is it reasonable?
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Joarn:  (no enswer - - shakes head)
Three kinds of thinking, abstract, concrete, and random, were

employed by good and poor problem solvers in applying the method of
solving a problem. Good problem solvers were about twice as likely to
use both abstract and concrete thinking., Poor problem solvers were
much more likely to employ rendom thinking, The illustrations given in
the preceding discussion showed that good and poor preblem sclvers as
individuals made use of all three kinds of thinking in applying methods

of solving problems.

Thought Processes of Fupils in Evaluating Their Answers to Problems

Two questions were askad of all pupils who completed & solution

to a problam,

)—-’_
[
1%}
M
u‘:)

questions were: Uhy do you think your answer is
reasonable? and ‘hy do you think your enswer is right? In answering
these quesfions, good and poor preoblem solvers depended upon three
genaral methods of evaluation in deciding uwvon the accuracy of an answer.
These methods are the quantitative method--characterized by identification
the results with a known numerical velue, reworking the computational
process, or the association of the answer with some social or economic
information; the parallel method--characterized by use of a revs.se
process such as multiplication teo check division, azidition to ciheck
subtraction, substitution of approxinste values, aud using i reversed set
of numbers, as in changing multiplier znd multiplicend in muliiplication;
the meaningless method--characterized by the inebility of the pupil to
give a plausible reason and by vague end evasive replies. Results of

this classification are shown in Takle 13. This table indicates that
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TABLE 13

l.—!
ro
N

THE FREQUENCY OF QUANTITATIVE, FARALLEL, AND MBANTHGLESS METHODS OF EVALU-
ATING RESULIS O SOLVING EIGHT SELECTED PROELEHS IN ARTTIMETIC USED BY
GOOD AND FOOR PROBLIT SOLVERS

Nunmber | Number Guantitative | Parallel _Mean insless
Classification of of rlethod of Hethod of | kethod of
Pupils | Problems | bvaluation kvsluztion | Evaluation
Used Used Used
Good Problem
Solvers L8 384 235 &8 81
Poor Problem
Solvers L8 38l 103 12 213
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good problem solvers gave quantitative reasons twice as often, parallel
reasons five times as often, while poor problem solvers gave meaningless
reasons three times as often as good problem solvers.

Table 13 shows that quantitative methods of checkin: were used
twice as often by good problem solvers as by poor problem solvers. Good
problem solvers employed recognition and application of quantitative values
of numbers in confirming the accuracy of the solutions to the problems.
John S., a good problem solver, referred to a known value (2 x 75) to illus-
trate that he was sure of his answer. IHarilyn D., also a good problem solver,
appeared to visualize a large nunber of pupils in relation to the approxi=

mate value of :3201.75.,

Johne Why - - -~ ~ it's a logical answer because I know that 2
75's are = - - - -

Inv: Is it right?

Johns Yes.,

Inv: Why?

Johns Because the pool is 75 feet long -~ - ~ he swam it twice - -
and I multiplied it by 2 - - ~ -

ilerilyn: You'd nave te put the number of children down - - - - - -

and beings they &ll paid 15¢ - - - you'd have to multiply
that by 15 - - - - (vocalizes her multiplication) two
thousand - - one hundred and seventy-five - - ~no - - - -
#5201, 75

Inv: How did you get it?

Harilyn: dell - - - beings there was 13L5 children - - - - that
went to the 200 - - - - and each cost 15¢ - - ~ - you'd
heve *o Jizd out how much they all paid by mulbtiplying - -

Inv: Is it reasonakble?

HMarilym: Yes -~ - -~ - there'!d be a lot of children - - - - and they'd

cost that much - - -~ -
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Inve Is it right?
Harilyn: Yes = - = —‘for tout many chil ren = - - -

Poor problem solvers zlso gave guantitative reasons for
believing thelr answers to be right or wrong. Connie D, a poor problem
solver, almost duplicated the stetement made by John S., a good problem
solvar, ulen she insisted that 2 x 75 is 150 feet. FPaul D, alsc a poor
nroblen solver, was incorrect in his answer to Problem 2, and something
in his answer made him aware of it., That awareness appears to be tie
result of a guantitative evaluztion

Cornie: Because 2 5is 10 = = = = 2 x 7 is 1l and 1 is 15 - - -
150 feet - - ~ that's how I got it - - - =

Inv: Is it right?

Comiie: (nods)

Pzuls 20,175 doesn't sound rossonable ifor a zoo to meke that much
money from 1345 children.

Barbera H., & poor wroblenm solver, considered her answor of &13
basiets to be correct. The illustrations, however, show thub both hased

their rsasoning upon quantitative thinking

Joz A large truck would hold shout that many baskets.

)

Barhera: The truck's big enocugh - - I think that mouy baskets would
go on it ~ - -
O
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Parallel methods of evaluszting the accuracy of an ansyer were
used somewhat lesz frequently by both sood and poor problem solvers.
Table 13 shows & freguency of 68 cases among pood problem solvers znd
only 12 among poor problem solvers, a ratio of more than five to one.
Lmost identical parallel answers werz iven by June C., a good problem

solver,and Daniel C., a poor

problem solver.

June: Well - - - = 55¢ is elmost a helf-z-doilar - - - - and it

is 13,50 - - - - If it is a half-a-dollar - - - she would

have $3.00 left - - and sne has 5¢ more than that - - - -

so it would be :52.95

e

Daniel: Cause 55¢ from ;3.50 - - = - = - that's 50 away - - - - and

) - SN . Yo ~

53,50 off thet = - - - is w;.OO -~ = - - and 5¢ is $2.95 - -

£illy B., & good problem solver, cnd denald B., & poor preblen
solver, used parallel computation in veriiyin: the results to rroblen 0.

Both added the renainder and

belief that their answer was

Inve Is it right?

BFillys Yzosir.

Inv: Why?

Rilly:  hy, cause I added 5

ionalds iell - - - if you ai
L’“o-mue‘,; ~five - -
three~iifty - - - -
As snotn on Table 13

recesons thrae times as oliten
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use of meaningless reasons for believing a problem to be corract may be

seen in the following problem.

but Hike

left over."

the same

The answer to Froblem 3 was Th baskets,

2,, a good problem solvers, submitted an answer of 65 M"and 16

-~ 3

Is your answer rea
Uhuh- - - =

why do you thinl so?
I don't know - - -

g it right?

fes - - -
Why do you think so?
I don' know - - - -

Donald H., a pcor problem

He declared that his answer was reascnable and that it was
4s sioun in the illustration, there was no meaning in the reasons

for his belief in his answer.

w
%)
55
(8]
o
H
o
N

golvrr, had an incorrect ansurr to

N

problem, 613 M"and 6 left over." lHe, too declared his enswer was

reascnable and that it was right.

somewhat

Inv:

Donald:

Inv:

Donald:

Inv:

Donalds

Inv:

Donzlds

The actugl phrasing of his reasons was

different, but no more meaninsiul than thoce of Iike .

Is your answer reascnable?

Yes - - -

Why Jdo you think so¥

I just do - - =~

Is your answer right?
iles.

Why do you think so?

I just do - = ~ =
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Leslie i., @ good problem solver, and Patricia P., a poor problem

"

solver, both solved Problem 5 incorrectly, dividing Lbg by 2. They both

submitted 22%} as the correct answer and declared that that answer was
both reasonable and right. While the reasons they gave ior these opinions

were not alike, neither supported these reasons by meaningrul thinking.

Invs Is your ansver reasonable?

Inv: hy do you think so?

Leglie: Why -~ - - - cause you'd have to divide to - - - get thc rrice
~ - you couldn't subtract or divide - - - that'd come oul too

mich -~ - - or too less - - - -

Invs Is it right?
Leslie: § ~ = - -
Inv: Why do you think so?

Leslie: Cause that's the way to work it - - ~ -
Patricia showed 2 little annoyance at the repeated cuesiioning.

Inv: Is it reascnable?

\

Patricia:l - -~ -~ =~ - = I - = = - - -~ I don't know » ~ - -

nvse iWhy cdo you think £o?
Patricia:I think it is right‘— - or I wouldn't have put it dovm - - -

The preceding discussion points out that three methois were used
hy good and poor problem solvers to evaluate their results in worline the

problens, Good problew solvers wers mors likely Lo use qguantitative
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methods or parallel methods then poor problem solvers. The poor problem
solvers, more frequently than good provlem solvers, used neaningless
methods for checkin; their results. Individual solutions of problems
that were used as illustrabticns ol the three methods of checking and
evalvating results, however, show thot focd and poor problem solvers

employed similar reasoning when they chose the verious methods they

employed to evaluate their work.

Summary

A correct method for solving a problem was deiined as a method
thet will produce a richt answer if all computation and interpretation

of results are propzrly done. when the frequency of correct choice of

method was surveyed, it wes founa that sood problem solvers chnose correct

methods tvlce as often as weor problem solvers. Upon beiny asked to

give reanons Jor choosing tholr wethods, biree times a8 wany o0d problenm

solvers as poor problem solvers pave social reasons, and avout an ecusl
number from both groups gave mechanical reasons. Poor problom solvers,
on the other nand, gcave doubtiul rcasons eighteen times &s often as good

rroblem solvers.

A social remazson was characterized by rofercnce to social or

4

economic information or associstion of an experience with tihc choice of

sethod. A mechanical reason wa

m

characterized by rerference teo the manipu-
lative or comiutational wprocesces used in thz solution., 4 doubtiul reason

EN

wag one that was unintelligible, incoherent, unrslated to the procedures,
or such &n zaswer as "I don't know.!

Cood problem solvers were somewhal more prompt in cihoosing a
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method, and they were less likely to change that method, once chosen.
Good and poor problem solvers employed "type solutions" to about the
same extent, about once in ten problems. & type solution employed one
of three techniques of cheosing a method of solutien: choosing a method
because it was the method used in the previous problem without veriiying
its apwlicability; jumping to conclusions zbout a :iethod of solution as
the result of a word or a number clue; or following & rule or lormula
in working the problem without understanding the actuel procedures,
Applying a method oi soluticn resulted in three kinds oif thinke-
ing: abstract, concrete, @nd random. Good vreblemn solvers were twice as
likely as woor nroblem solvers to use abstreact thinking end asbout twice
as likely to thinlk concretely. FPoor nroblen solvers, however, were six
times as likely fto employ rendom thinking as good problem solvers. The
term abstract is applied to thinking procedurss wiich are cheracieriged

s

7 1ittle or ne reference to the subject watter and weanings of the proh-
lems, and by calculations basad purely upon the mechanicel relations of

the numbers. Concrete tiinking is that in which social and economic

references ere made vhile solvinz the problems, in which the importance

Random thinking is charscterized by illogical or dissocicted thinking,

s
[s%)
o
(o9

\1
o]
(o3
&
}_.
(o]
<
5]

[
=
o
i
o
p
5}
|

cloudy or distortad rezcscning, guesswork
ignorance about how to wroceed with tae solution.
Lvaluation oi tine resulte of the nebhous of relution employed by

0od &nd poor problem solvers was cdone in thrse ways. Some of the pupils

employed guantitative methods; some used parallel methods, 2nd others
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meaningless methods, fHuentitative svelustion was characlerized by ident
fication of the resulits with a lmown nunerical value, raworking the
computational processes, or asscciation oi the sanswer with some social
or economic information. Frurallel evaluation was charactericed by use
of a reverse procecs, substitution of approxinmate values, aud reversing
the terms oif a computational process. The meaningless uethod of evalua=-
tion was charactevized by the inabilitar of 2 rinil to eive a plansible
reason, by vague end evasive replies., Good problem solvers gave quanti-
ative resscns twice as oiten, and parallel reascns [ive times as often

ag poor problem solvers. Foor problem solvers, in contrast to these

cave weaninyless reasons three timss as often as good problen

in generil, »aod vroblen solvers were mors icient in 2ll of

-

i T FR e T A -~ 2 T Y . e - I -
nethods for solving tre they used thougnt processes based upon

NS e 5 L AN e O T S o Yame LY PRI TR | ... -
social infornztion more Ireguently in choosing thelr mothods, wvere more

ikely o apply abotrect oo concrete tulakin., and evaluated their

EX)

results by quantitative or parallel methods uore frequently than poor

" &)

rroblam solvers, Poor provlen solvers were te eaploy guesti

a2ble methods of thinking in relstion te the

~vreTao Al e Ea) 2 P
gvaluation oI wnethods of

Qe

in respact to cholice, use, and evaluztion ol methods, pood wroblen solvers

fllustritions, hovever, Jemenstrate thet in theee vospects the hehevier
23 good yroblen solvers wvos duplicated in merys ianstances vy similsr
rrocedure on the part ov poor .roblem sclvers. In some corfcy, DOOY
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oroblem solvers demonstrated the ability to work a problem as efficiently
and as meaningfully as the good problem solvers. In other cases, good
problem solvers showed ineffective and confused thinking, in fact, no
better then that of undesirable thinking procedures by poor problem

solvers.
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CHAPTER VI

NUMBER RELATIONS AND COHPUTATION A4S FACTORS I PROBLEN SOLVING

The urpose of the Chavter
T i

Insicht, as an essential process in establishing thoughtiul

and meaningful understending of a wvroblem situstion, was considered in
Chepter IV. The thought vrocesses accompanyiny the selection, applica-
tion, and evaluation of the resvlts of methods used in solving the prob=-

lems have been discussed in Chepter V. as indicated in Chepter III, the

third aspect of problen sclviny to be cousidered is thst of interyreting

the number relations in the problams and applying the corputatilonal

K}

processes to the solutions 2f the problzme.
The understonding of nmunber relations demonstrated by pupils

verisd in clarity and scepe. Some pupils read a problem and immediately

AL

sow the relationshins of the muwbers to the ideas, processss, and subject

matter content. QOthers saw little cor no sisnificance in the number

()

>

relationsnips inferred by the problems. Likewise, in comgutation the
practices varied as good and poor wrcblem solvers atteaplted to apyly their
necnanical ckills %o the solutions of the probleas, Uisniricant zspects
of computation that are discucsed in this coeyter inciude: the ability
to read and meninvlate four and five~disit numbers, the exteat of vocali-
1 of comcutetionnl processes by gocod and poor nroblen solvers after
te do so, the prevelonce of the use of comautaticnal
i

2ids by pupils in working probloms, ond the eifect of incorrset computa-

tion con the gensral accuracy in problsaw solving.
Lt is the purpone of this chapter Lo shouw the nwiber relstions

end the compubtstional skills employed by pupils in agsociabing rumbers

137
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with the problem situation.

what contradicatory

-
S

a

5roup,

contrest

Al -~
Compazr

parison

in understan
to the approximate equality of good and poor problsem

© the basic cemmutaticnal

138

Basically, this chapter stresses two sone=-

positions, The superiority of cood problem solvers,

‘_J-

ding of number relationships appesrs in

slcil

L omeats

15,

Hunber Heloticons in FProblem solving
of the freguency of clear, pertial, and doubtivl

nmumker releations by

In atbacking an

arithmetic problen,

. . v s et
';:;uplls 2Eninea e maansers

DAV T N 'r_*__l_* ”
23 SO RENBHNOTR RS VICH Iy

associated then eilfectively with the iicas, processes, @ud subjiect matter
content, Others showed inadequate knouledge of numbers, inebility to

read numbsrs and lac

associlate any ideas,
in the ovroblems.
Three cates

solutions of zood an
study. Clear nunber

441

the numbers with o

or

tne eccuracy

oner

k oi skill in their use. Still oltlszrs were unablec to

, or subjecl matter content vwith “he nuubers

ories of number relations were identified in the

d poor problem solvers to the problens used in +his

relations were those in wnich the pupil identified

Lo
Y]

jeie

ideas in the problems, ne nubers

,oand considercd thelr reascnahlennss and evalnated
their results, FPortial numer relations were characterized

by cloudy nunber identification, incomnlate recopnition of the nuwmber

values, partial sclution without cl

insbilily to evealnzte th

of muthers wers obscursad

poubtiul nwiber

ear the answver, and

~
~

colutions by mesns oi usual technicues of

4o
9

‘tleons wore those in uhdeh the rolationsihins

thie computation rendom and without

ed, purpoce, 2nd
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the results without significance.
Table 1l shows that good problom solvers, more than four times

1

as often as poor problem solvers, clearly understood the rmuinbers they
used and that good problem solvers were .artially clear in Hheir nunber

relations somewhat less oftven than poor problem solversc. Un the other

hand, poor problem solvers were deubtful of nuwber relationships nine

(=N

times as often as

-

The data in lable 1l indicate that good problem solvers showved
clear understanding of nuaber relationships more than four times as often

The

as poor problem solwvers. (lear understanding is illustrated ir

solutions of Tatti P, and Carl B., both gcod problen solvers.

Patti:  (Resds) 4 grocery has s special sale on soar at & bars for
L5d, At that rate, how much would Jane pay For 2 bars?
She would pay - - - - 2/6 - - equals 1/3 - = 1/3 of L5¢ is
- - - uh - - - (voceglizes) 154 - - - - she would pay for the
two bhars - - - -

[nve How did youw get it?

/3 -~ - -

N
™~
ON
I.J
©

Patti: I multiplied 1/3 tiﬁes LS¢ = - - -
Inv: Why did you <o that?

Pztti:  2/5 equals 1/3 - - - - you want to find 1/3
Inve s it reascnable?

Patti: Yo =~ - =~

Invse Why do you think so?

Patti: well - - = 15 into 30 - -~ - goes 2 times ~ - - end 15¢ more
is 45¢ (checking her 15's into 45)

Inv: Is it right?

o+

Patti:  Because 3 will go into L5¢ 1F times - - -
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TABLE 11
TS NUIBER OF CASES IN WHICH CLEAR, PARTIAL, 4D DOUBITUL NUMBER RELATIONS
JERE SHOWN BY GOCD ALD POCR FRORLEM SOLVERS IN SOLVING RIGHT SELECTED PoOR-
LEMS IH ARITHMETIC
Number | Number Clear iUnder- { Partial Under-| Doubtful
Classification of of standing of | standing of Under=-
Pupils | Problawms | iunber Hela=- | Mumber lela- standing
tions tions of tumber
felations
Gond Froblem )
Solvers 48 384 273 20 21
Poor rroblem )
Solvers L8 38L 02 129 19h
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Carls: (reads the problem)

Well = -~ it - = -« T would say & intc 45 - - - to see how
many ~ ~ how much one - - - no - - - to sze how much one

- - - yeeh - - - thet'd be - - - (mumbles) - - - about 7

- - - (mumbles) - - that'd be about 15¢ for two bars - - - -
(vrites the answer dovn - - &ll previous work done in his
head) - - - -

Inv: How did you work it?

Pirst I would find out how much one bar costs - - - then I
found out how much two bars cost - - - -

Carl

Invse Is it reasonable?
Carle Yes - - =
Inv: Why?

Carls Two cost 15¢ - - -~ - 6 bors cost L5¢ - -2 x 3 is 6 - - -

Inve Is it right?

Carl: Yes = = ~

Inve vhy?

Caris Gauée that's the way I worked it - ~ -

Poor problem solvers did on occasicns, however, indicate clear

understending of the number relationships. The solutions of Jim S.

wn

and Carl J., Dboth woor problem solvers, show that they, as well &

.

Patti P. and Carl B., understood the signiticance of the numbers
Provlem 3,

Jims (reads) 4 grocery had a specizl sale on

Li54. At thet rate, how wmuch would Jone pay for 2 bars?

Well - - = = uh - - - it was O besrs for 8¢ -~ - - - and it
wanted to know how much Jane would pay for 2 bars - - - -
so I Jivided 6 into L5¢ to iind how much ig the cost of 1
par oif soap - - - ~ and then I muliiplied by 2.

Inv: What is your answer?
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Jims 15¢
Invs Is it reasonable?
Jims Uhuhe.

Inv: Why?

Jimse Well - - - - if you'd put 7% by 2 - - = you could just tell
it would he 154 - - -

Iny: Is it right?
oims Yes.
Inv: Why?
. ' . . 1
Jimz I could ptown it - - ~ = = = I could mulbiply 75 by 6 -
————— and 2 into 15¢ would co 7£+ - - - -
SEEEEEEREES
Carl: (ieads) & procery had a special sale on soap at 6 bars for

Li5¢. it that rate, how much would dJane pay for 2 bars?

qrst - - - 1'd divide - - - - 15 divided by 6 - - -

vocelizes) T remainder 3 - - - - lLen l 'q mltiply - - -
emainder 3 by 2 - - - and get 1lh¢ end a little over - - -

s
5¢
Inve vhy did you do that?
Carls bNell - - - to #ind oat how much one bar costs - - - 1'd

divide - - Then I'd multiply to #ind how wmuch 2 bars
cost - - - -

Inv: Is your answer reascnable?

Carl: Yes = - -

Inv: Why?

Carls Twvo bers would cost about that much ~ - -
Invs Is it right?

Carl: I'm pretty sure it is -~ - -

Partial understending of mamber relztionships between nuwabers
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1

was somewhat more frequent among poor problem solvers than among good
problem solvers, in individual cases the actual behavior of pupils in
both groups was much alike. In the illustrations which follow, Iike L.
and Halen CG., goed problem solvers and Julia P. and Marlene R., poor

problem solvers, all show evidence of confusion in regard to the number

relationships involved in Problem 5.

Mikes (Reads the nroblen) - - - (sivhs) - = = uh - = = I just
leads the nroblen Just

. 5.

can't seen to get this - - - - = = = - (urites down 7%)

Inv: How did you get that?

Hike: I divided -~ - - I don't ohink that's right - - - un - - uh
- - shall I do it over? -~ - - - [irst I divide 2 into O aud
goes A times - - and then I divide 3 into L5 and got 6 times -

Inv: Why did you do thet?

Miket Well - - ~ 2 inte 6 goes 3 times - - - and 3 into L5 is 15
- = = =~ =~ what is thet 3 ~ - - - 1T just don't know - - -

Inv: Is your enswer reasonable?

ke Yes - -

Inv: Why?

iikes Cauge 3 into L5 is 15

Inv: Is your enswer right?

idke: Yeg - =~ =

Inv: Why?

Miles I - -~ don't know - - - it just seems right - - -

ohS - = - ~ = = 6 will go into 45 - - - =6 T's are
3 - - s0 you'll say 2 into 7 - - 2 will go into
~no -~ - - L did that wrong - - - it's 2 into 45 - -(vocalizes)
tanetic book our beacher - - - in the book when you
say - - - 23 - - =(checks) I think so - - - - -
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1hh

PR

How did you uorlk it

I said 2 into 45 - - - I thini that is wrong - - - T think
2 into 22 - - the answer is 11lg - - -

Is it reasongble?

- 11 is

are 15¢ - - = 2 bars can't be

[\
Ny
!

t

i - way L could vork
it - - you coula say 2 into ¢

i
L5 is 15 - = = = no - = -1 right - - - 11¢
4]

1

think so - - -

vy had a sn%ial sele on soan &bt b bars for
e, how much will Jans pay for 2 bers?

(fombles - - inaudible)

inl: she wvould pay 13¢ - - - I think she would cither
¢ Tor 2 bars for they went to know how nuch ;';, ou would
. .

nay for 2 Lars - - - - On the sale they had & s For L5
- - - =50 I divided - - - - and 7¢ with 3 ra o= - - -

So I roltiplied by 2 and - - - zot g,
Is it recsonshle?

-

.*
&
@

~
PAN ]

I think it is 2 reasonable @

7T T’v”uW do it ‘mm other way - - -~ - make that 3/6 into
¢ 3 - - - - - which would be snother penny - - - - -
would elther pa;-/' 1h¢ or 16¢ - - for 2 ba

)
e

0
|
1
I
I
D
O
o
)
H
w
i
1
i

6 bers into LS4 is 7 - - - - 3/6 is
B¢ - - - - -
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Inv:
HMarlenes
nvs

L

Harlene:

10 #rasp

o

L5

How did you get it?
I divided.

-3

Wh

]

Ca1ce it asked how much she naid for 2 bars at 6 bars for

Lsg - - - - -

it

b~
«“

Umhum: - - - Seceuse - - - 5 dinto b5 is 7 - - - aad 3/6 is

% - - - znd vhen the half ig over - - - - you have to pay
another cent - - - - -

Doubtful understanding of munber relationships or the inability

a workable uncderstand £ tha numpers in relationn te the

PO wIEVI—S A

ding o

problem sclution, was nine tines as frequent among poor problem solvers
as among ~ood rroblem solvers. Thers iwrere, houever, aumerous cascs in
whirh both good and noor rroblem solvers were unable to intersored gouis-
factorily the numbers in the Lroblem. The ¢ luvions of Milly Y, and
Yilen ., both rood preblem sclvers clourly illustrate their inshility to
interpret the number relationships involved in Froblem 5. Likeuwise,
Sylvia N. and Cheries B., both poor problem solvers, showed doubtiul
understending ol the number relsiionships involved in the sane problem.
Billye (Rzads the fPOhlc“) 4 girocery has a scle on soap at 6 Lers

for Li54., b that rate, how yuch will Jane pay ior 2 bhars?

Un = =~ ~0h - = = =Un -~ - - = {no vocalization) - - - 5¢
Iove How did you work it?
Pilly: I don't know - - - ~(rumbles)- - - no - - - be 7¢ - - yes - -
Inv: Hor did you get it?
Hilly:  Divide - - = 5 baré for L5¢ - - 6 into LS
Inv: Is it reasonable?
Billy: Yes - - - 6 bars lor L5¢ - - - 2 bars for T4
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Tllen:

Sylvia

Invs
Sylviea

Inve

Sylvia:

Charle

ce
S

Is it rignt?

Yes ~ - - 6 goes into L5 - - 7 times and 3 over - - -

are 42 and 3 over ~ - -

I think you'd say 2 from & i

is 11z¢

2 bars = - - - - I think - -
Is it reasonable?

I don't know.e- - - =~

Is it right?

I'm not so sure -« -~ - -

Subtract - - - (ancther paus

sl -~~~ - and 4 into L5y

1SN

- I'm not sure - - - -

¢) - -~ - - - (no vocalization)

I subtracted 45 from 6 ana my answer is 39 - - = = - - - =

Yihy?

Because i’ was six bars for
18 - - - it would be

5 - -2

Ts it ressonzble?
I think so

Why?

would cost 2as

- - - and if I subtract it

re for 39¢ -~ - - -~ -

h5¢
ba

R R R VR TRVRYRVRYE Y]

AR eI Ryt Taring
E A, PR : Y re 3
O bars were 45 - - - - 50 you say O x b are 3U - - - - -~
2 - . ~ . ‘
6z Tare 30 - - - - 8C you pay 7¢ for O bars -~ - - - - 2
"
~

ars you would pay ebout g

15

- - - = - how much is - - - - naid for - ~ (Whispecr)
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Inv: How did you get it?

Charles: Yessir - - - - you want to iind out how much - - - - how

MUCh W8S = = = = = um ~ - - - that times 9 is L5 - - = - =
S times 9 is - - = = = =um - - - - it couldn't cost 5¢ -

so it had to cost about &
Inv: Is it reasoncule?
Cherles: I don't think so.

Inv: Is it right?
Charles: No.

The foregoing discussion indicates the superiority of good
problen solvers in understending the relationships of numbers. Illustra-
tions were given to show the function of this understending in the prob-
lem solving procedures. The illustrations reveal, however, that when
individual solutions are considered, zood problem solve.s and poor prob-
lem solvers show comperable understanding as well as similar lack of

unaerstanding.

Computation as a l'sctor in Problem Solving

Reading and manipulation of larger numbers.-- Both good and poor

problom solvers experienced little diftficulty with numbers composed of
three digits or less. Three of the problems, hovever, namely, Froblems
2, 3 and L involved numbers iour or iive digits in length., In these
problems, pupils in both groups indicated some difficulty in reading and
in menipulating these larger numbers. A&s showvn in Teble 15 good problem
solvers were able Lo read the numbers correctly more than twice as often
as poor problem solvers. Correct manipulation of the numbers by good

problem solvers occurred three times as often as by the poor problem solvers.
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TABLE 15

THE I i QO 3 i ' G a¥D OF CORRECT FAWIPULATION COF THE
FUMBERS TH PROSLEAS 2, 3, AND L BY 200D .5 POOR PRODLEM SOLVERS

lumber Number humbers vere Numbers Jere
Clagsification of of kead Hanipulated
Pupils Problems Correctly Correctly
Good Problen
Sclvers ha 1 130 112
Poor Problen
Solvers L8 1Ll 62 35
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Correct reading and manipulation of larger numbers occurred
more often in the work of cood problem solvers than in the work of poor
problam solvers. Individually, however, their work looked much alike
and pupils irom both groups performed in a similar menner. The work of
Jerry K., a good problem solver, and that of Carl J., a poor problem

5

solver, shows thalt both boys read and manipuleted the numbers in cll three

G

mmem ]l ene aarreesT1e
j oblems co TeCully e

Problen 2

N

Jerry: You take one thousand, three hundred, forty-five and multiply
it by 15¢ - - - (vocalizes his computetion) the aaswer is

$201.75

Carl: I multiplied thirtcen hundred forty-five - - (veerlizes)
+"entJ thousand oas hundred seventy-rive - - there's 1345
children at 15¢ each - - - um - - 1L shou1d be dollars -~ -
(places doller simm and decimal noint)

Inv: Now what do you hawe?
Carl: 201,75
Problem 3
Jerry:  iirst I'd teke LU and divide it into thrce thousand five
J
hundred fifty-two - - - - ~ the answer is 7L baskets - - -

4

Carls I'd divide L& into thrse thousand iive hundred iiity-two -~ -
- - (vocalizes nis «iv .wlOL) - - - comes oul evein - - the
ansuzr is 7L baskets - - -

Problen L

'd subtrect - - - twenty-nine thousand eleven - - tale ai
~five (vocallinzes

.»'e'rz‘ov-cigj-lt toousand nine hunared sixty

=7 o H
ON
.
—
6
0 ¢
!
|
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Carl: (Reads) (miscopied his minuend - - 99, 01l when putting
it deown to subtr ct) (Shows concern over the pronunciation
of the word "route" - - iinally decides to pronounce it

root")
99011
20965
70046
Inv: How did you get it?
Carl: I subtracted - - - tm enty-eight thousand nine hundred sixty-

five from ninety-nine thousand eleven - - - ch, no -~ -
put 99 - - it's 2¢ - - - (reworlks the »ro blbm) - the answer
is 115 miles

|
0 H ot

In partial contraet to Jerry K. and Usrl J., Irene XK., a good

oroblem solver and Thomeas iL, a poor problem solver, were unzble to read
the numbers correctly, btut menipulated the numbers efriclontly and
accurately.

Problem 2

Irene: Thirteen - - forty-five chiloren - ~ - paid 15¢ - -~ - and zob
320175 - - (two - ol - one = seventy-five)

Thonags  ansucr - - = 20175 - - = (0o vocalization)
Inv: Howr did you sork it?

Thomss: 15 times one-three-four~five - - -

invs Is it reoascusble?
Thomass iuh-ab - - - - 1 ngds & mistake - ~ - I doa't have no nlaces
- - L don't have no decimal points - - - You'd have 201,75,

Treanz:s LS into 3552 (thirty-iive -- fifty-tiuo) (vocilizes her
division) T - - -« =
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AL ey
RO ST AT

Thomas: Divide L& into 3 -5 =5 = 2 -~ -~ (no vocalization)
Inv: wWhat is your answer?
Thomas: 7L beaskets - - - -
Inv: How did you get it?
Thomas: I divided - -
Problem

Irene: Teke 2 - 9 =0 -
- - - and (vocelizes her comyutetion) I ot I

1 -1 - - = 2ndsubtract - = 2 = 3 =9 =6 -~ §

............

Thomas: Treaty-eiphb-rine-sixty-Iiive - - - 29 - ohh - cleven
(veralizes hie subtraction) L6 miles - - - -

Inv: How dic you get iv?
Thosas: Subtract 29 - ¢ = 65 from 29 - 0 - 11
Still further contrsst im indicated in thz ork oif Che

a gcod nroblem solvsr, and Hobsrt H., a poor problem solver, who were

neither able to read the nuwabers corroevly nor to manipul:ste them in the

Provlem 2

hirless el pirbeen~forty-five - -
- = = = thirtemn-iori;-rive - - :

211.75 ~ (t=o olevand

Hobert: 15 {imes - one-thres-iotr=iive - -~ - (v
1 bhe gums of his rertial rroo
o Little ereitsl - - - ansuor do (070 - -

- 05.1)
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Problem 3

three - five - five - two ~ - - (vocalizes
Jink the answer is 7L and 9/L8 basletﬁ

)
™
oo
o
2
<
-1
o]
O
—
I=
co
-
3
ot
Q
!
!
las

Charl

Atsestaar A s Al
AN A A AN ANANAX A

Robert: T'd ﬁivide 118 into three - five - five - two - - - (voczlizes)
hat'!s the ansuer - - -

o F

=
(==
I
[wm)
[9))
.
S
D
1]
3
0
<t
=
®
=
»

Inve

Robert: Lhh (four - forty-four)

ade - ~ - 29 million - - 965 - - 29 wmillion 11 thousand)
ell I iLnurﬂ Jou snould subtract ulat the thing read before
he started from that it is at the finish of tne trip - - I

think I de it - - - - this is too high a :umber - - (nx’
end figures) think he drove 8 thousand and L6 mlle - - -

=i

- . Ny
inv: fHow did you get 1t?

- - KR PR ISR IR S e JO P - -
Charles: I subtracted - - - but I den't thinl il's right fer surc - -

Hobert: 28 hundred ans ¢ hundred sixty-five - - - (stameers) I don't
see how that is - - - - 29 hundred and eleven take awvay twenty-
’I

-

eight and nine hundred

sty-five - - - = ha 9L6 mi

dverage time spent by good and poor problenm solvers in rcading

and in working the provlems.~- Poor problem solvers spent more time both

in raa i

Geood problom solvers required an average of sixteen seconds to read a

provlen befor: levinning a soluticn, wmile the poor problen solvers speat

.

the problens. Foor vroblen

an average of twenty-

solvers epent an average of sixty-one seconds reading the problens,

-

acd oroblem solver asveraged forty seconds. Teble 1& shous
& [l o

(J)

whereas the

4

of roou cnd meor problem solvers in reading and in wovi-
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TADLE 16

AVERAGE TIIE SPENT IN REaADTLG FIGHT SELECTED PROELEMS IN ARTTHMETIC AND

IN SOLVING THWM BY GCCD AND POOR PROELEM SOLVERS

Fumber fNumber sverage Time Lyerage Time
Classiiication of of “pent In Srant In
Pupils Problems Heading the Yorking The
Problems Problsms
Good Froblen
Solvers L3 384 16 seconds L0 seconds
foor Problem
sSolvers 43 384 25 seconds 31 seconds

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15h

The fregquency of vocalization by gcod and poor problem solvers

in solving arithmetic problggi, -- 4s indicated by the anecdotal illus-~
trations, pupils tolked sbout their problems, discussed their solutions,
theilr reasons for working the problems as they did, and the evaluation
of their answers. Bach pupil was requested before he began his inter-
view, and when necessary, once .uring the interview, to vocalize or say

CREE - S -

o ] X3 » O A Y . L. o o
airoud all ol the computstionel processss uSed in solvingy the oroblem.

e}

dany pupils rcadily gave step-by-step analyses of computaticnal procedures;
others aid not do so, even though they were ramlnded by the intervieuer.
Good problem solvers, uboul twice as often as poor problam solvers,

&4 is shown on Lable 17.

vocalized their comsutabional orocesses

-
P

The freguency of computational aids in rroblan solving by good

aild poor problen solvers.-- Computeticnal aids, suvch as carcyine narks

-

in a’dition, extra fizurcs in subtraction, trial multiplication of the
divisor in division, and written addition seguences for the recall of
rultiplicetion facts, appeared somewhat more often in the work of poor
problem solvers than in the work of ~ood problem solvers. Only Lifteen
cases ci' usc cf such devices as counting on the fingers, extrs marks on

the paper, or tapping or pscking with the Iingers or otner novable parts

of the body wera obscrved amons the 730 soluticns, and tuelve of the [if-
teen were by poor problem solvers. Only seven pupils, all gocd nroblem
solvers, attempted to draw a diagrem or a problew, albhoush the content of

Problens 1 and § might have suggested sucn dravings. ‘These were not pencil
and psper drawings, as mighft be expected but rather were triced with the

Zinger in the iy unilc solving Problem 1, indlcatin. the act ol Yswimming
down and tihen swimaing back.'" The fresouency oi the use of ertre-compulbsa-

~

tional @ids is snown In Table 10.
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155

ASES OF VOCLLIZATION Qb CO:PUTATIONAL POCISSES BY GOOD

LU

COR PROBLEu SOLVERS, IN SOLVING BEIGHT

viETTC

o

Ol‘)

LECTED FROBLEIS IN ATTHs-

Mumber Bumber Used Vocalizations
Classirication of of in Computation
Pupils Problens
Geood FProblem
Solvers L8 Sek 196
Poor Problenm
Solve:'s L8 38l G2
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TABL 18

OF COLLpUTALICHAL ATDS, COUuNTIRG, Al Jla-
SOLVERS IN SOLVING DIGLT SELLECTED PROBLLLNS

IH ARTPHHETIC

Number | Number Used Used Used
Classification of of Computational Counting | Diagrams

Pupils | Problems | 4#ids

Good Problem

Solvers Lo 33k 100 3 7
Pocr Problem
Solvers 48 30k 132 12 0
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The accuracy of good and poor problem solvers in computation,--

In the anzlysis of the deta it was apparent that two procedures are
necessary il an arithmetic problem is to be solved correctly: the right

nethoc rust be chosen and all comutations must be correct, According

to Table 19, good problem solvers were gensrelly mors accurate than neoor

problem solvers. wrong choice of method v

aisbvr-iive
O

w
19)
}._J
i
1
o
“
.
,
1
C
Q
Ps
s

- P SR, \
cood end poor problen

by VT
O &

3 e

percent of the mistilizs made by good rroblenm solvers were made because

of wrong choice of method, while eighty-one percent of the errors of

(%]
poor problem sclvers was caused by wrong cholce of methou. Compubtaticn,
which included prlacing of the decimal point, zccounted Ior thirty-one

perceat of the errors or wood problem solvers and twenty psrcent of the

rs of poor wroblom solvers.

'able 19 shows thet wrons cnoice of method was responsible for
“ I

toree times as meny ianccrrect solutions as inaccurate computation. Wnile

]

this table proves intsresting, it does not snow the complete situation

~

Ational competenciles of good and poor probdlem solvers.

,_._

-aradng the comg

o

If a pupil chose an incorrect method, he obvicusly could net work his
problem correctly, no nmatter how his computation mizht te. To deternine

the extent ol accurecy ol jood - problem solvers in computationel

skills, the mabtter of method was overlooked end tne actuzl nunber processes
were studied. wor examnple, 1f the correct metnod for worlkins 2 problem
xS 2> ", &

if he multi.dlied correctly

revrired Wvision ant pupll multiy
computation was considercd cerrect. Table 20 shows that ood problen
solvers zchieved niuety percent accuracy ena pocr oroblem solvers oboudb

sevent) parcent accuracy, wasn only the basic nuamber processes vers studied,
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Taylie 19

O RTT T i
i Ul

Qi LG CHOICE
3% L‘m’iium BY GOOD

' ruOJL
- u'U"

SOLVERS, T4 wUAKING SICH. SELxCTED Probblisds IN
ARTTHMETTC

.‘«..lu I QO'.L PlaoBingd

Humber of rissed vecause iissed Lecause
Classilication Froblems of virong Cholce i Tucorrect
lissed of uethed Counputation
Good Froblem
Solvers 133 87 Lo
Poor Froblen
Solvers 305 239 62
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THE NU’AM'? O CASES Qrt COURRECT COpPUTATION, ARGAHOLNSS O -H“"HOJ 2 FLOYED
(GO0D &lil ¥FOOR PROELEM SOLVENS T wOKEING BEIG 1 SELICTED PROBLEMS IN

ARTTHMETIC

Tunmber wumber Number of Correct
ClassiZicstion of of Computations
Pupils Froblems
Good Problom
Solvers L3 38 2L0
Poor rroblem
Solvers L6 384 266

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



160

Table 17 shous the frequency of vocalization of computational
procedur:s by cood and poor problem solvers. Table 10 indicates the
extent o thich pupils of the tio sroups relied upon computational aids
of variovs kinds, In Table 19 may he seen the frecuency oi incorrect
corputation cud ite eflect uron errors in problsm solving. The accuracy

of computation, when the method of working tiz preblem was nct a considera-

enecdotal accounts, both imwitten and oral

are presenvec.  The solutions of rarilyn L., 2 jrood problem solver and
Jenz ., a poor problan solver, show hew vocalizations of the nuwaber
processes appesr waen a puoil complested the problem as directed. Zxtra-

toin bolh

computetionsl aizs in the way of additional

Py [P T4 -~
[SICRAVRVERO I

- 2

rerilyn: Teke 28011 and

jd
"
=
2
josi
-
<k
[62]
o]

-~ = = have Lo 0
1 3 - - makes the 0 a 1
- -5 from 11 - = =6 = = = =5 from 10 - - - b - ~ zerc

.
@]

T T A e n
Jangs Put fdoun 29
P

o S 5 o-
. O )y N PRI v e
lzaves O - = & from O leeves 0 ~ - 2 from 2 lzaves O - - -
ne oo Lo miles - -~ -
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In some ca
omplat
lem solwver, and
in solving Froblen
You s

Hikes

‘0“ 11

5f
0 -

Subtracth

11 take away 5 are 6

1A
- — — ‘“L\J
Sicle G,
solver, 4id all of

ed with simle,

o PR
fleoryge

ubtract 2

ld
22

|

ses there were no evbra n

=5

but complzte vocalization, Milie 3., a good prob-
¢ U., @ poor problem sclver illustrate these skills
t
iLe
8OOE from 29011 29011
L_UOOL
Q00406
e & - =6 from 10 sre b ~ = = - - - -~ 0 - -
- He went L6 miles
FEIREEERES
- == - - = = 20011
20065
- - =10 - - from 6 ave I} -~ - ~ answer

& good provlam solver, ana Pat L., & moor nroblem

o without extra merks and worked the

Pat

.
S
nace

end

icearvectly.

Dicks You suvbiract 29011 by 2,935 - - - - ~ 29011
28905
=l
1030
SEEESEEEER
Pt [ subbr - - - -~ = 20965
20017
I L
293k (crosses ouw)
20011
2896
10L6
The answ.r is one hundred forty-six
Jo v, & -ood problen solver, ~ad Leon L., & poor problenm
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olver, tried to use extra marks in Lorrowing, but both were unzble to
perform the computzation with accuracys. Leen had his numbers reverced,
but he made a subtraction error even with the terms reversed.

Joan: Pake 29011 from 23985 - - - - - - = é%ﬁll (crozzes out)

o9ty

3_:),"._...._..

T mean the other v

g 1L 6 mi.

8
Leons T add - - - 218 7§65 ansver 57 thcusand 9 hundred 76
29011
—aT T
cbha
Inv: How did you get it?

In solving Provlem 3, John G., a good problem solver, and Tom
., a poor nroblem solver, worked their division correctly and evaluated

their results in similar manner,

Johns Divide L8 into 3552 - - - answer - - - - 7l baskets

352
330
139 2
179 2
EEEEEEEE
Toms Divide L8 into 3552 - - - - - U8 J3 852
336

192
192

Invse Whel ile your answer?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



163

Toms 74 baskets - - - - =

An error in copying the divisor stemmed from an error in
interpreting the nunbers of the problem and Mike B., a good problem
solver, ;;ot tne urong answer to Yroblem 3. &1l of his computation,
however, was correct.
Hikes I would divide L8 dinto 3552 - - - - - 52 wouldn't go into

e
35 - - - - = 52 will go into 355 - - - -
8

6 6time - - -~ = 6 x 2 are 12 - - -
52) 3552 6 x5 are 30 end 1 are 3L - - - -
312 2 rom 5 are 3 - - - 1 from 5 are L
32 bring down 2 - - - soes L times
418 i tines 2 ars 8 = = = = [} times ©§
I8 no - - - - it won't o - - - zbout

§ times - - - etc, - - -

That vonld be 65 and 16 left over - -

Inv: flow did you get it?
H I aivided
Inv: Why?
iikes CIT fheyo were 3552 pounds -~ - - and you'd went to find out

how many baskets there'd be - - - - you'd aivide 43 into
3552, (L8 was underlined to show change in divisor)

Rita L. and Simon C., both poor problem solvers, chose incorrect
methods but worked all computation correctly in solving. Rrite added

instead of subtracting in Problem L., Sinon attenpted to find tie muilber

of sguare yards in a kitchen #loor 15 fect by 9 feet by adding 15 and 9.
Ritas (feads) Tom's father drives s city bus. Defore starting on
a route the qneedom@tm“ read 2 million ¢ thousand 8 hundred
65. (28965) 4at the finish of the trip it read - - - -
(unable to read at all\.
Inv: Co ghead if you can't read it.
Rita: 1 added: 28965 (The second digi* from the right was
20011 made somewhat like a l} which confused

T7976 her in reading her answer.)

T zdded - - - - 2 million 7 thousand - - - 9 hundred L6.
1ere is no explanation for reading the five as & two.)

=
(0]
=
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Inve Why did you work it that way?

Simon:  Why - - if I work it like that - - - I get how many feet
it is - = - -

Inve Is it reasonaible?
Simons Yessir,

Inv: Why'

Simon:  (ilo enswer)

Invs Why?

Simons I dén‘t see how to get it - - - - that's the only way - - -
Computation on Problen 2 was incorrect in tihe solution to that

proklem by dJane C., a poor problem solver, &t least four errors can

be detected in her work. Some of the errors are computotional, cone

reading and some are in the interpretation of the problem. In telling

what she did in working the problem she spoke of 135l instead of 13lj5~~

but she put it doum right. There are two errors in adding the partial

oroducts, and the decimel noints are entirely missing. The indefinite-

nesg of her answers reflects little confidence in her solutione.

dene: (Heads) In one day 13L5 children visited theo zoo. ‘hey paid
15¢ each to get in to see the animals, How much ¢id ey
in all?

You esn u - -~ - hundred - - ~ times Sh - - - 13
hundred £ifty - - -~ times 15 - - - -~ or you can - -
subtiract it - - - - -

inv: tWaich?
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Janes Multiply it - - - = 1345
15
8725
1345
19675

nineteen - -~ - 1 hundred and 98 thousand - ~ - 2nd 75.

Inv: How did you get it?

Jane: iultiplied 13 hundred end 5L by 13 - - - -
Inv: Why?

Jane: T don't know.

Inv: Is it reasonable?

Jane: Yes,

Inv: Why?
Jane: I cdon't think he could swim that fzr.

The Toregeins discuesion of cemputotion in problem solving has
rovesled that good wroblen solvers are wore prolicient than poor yproblem
solvers in reading end menipulating larger numbers. ithey were somewnnat
more able to vocalize their comontational processes and were slightly
more accurate in computations. Good and poor problem solvers, to about
the same extent, used computational aids, but about two-thirds of the

problems verc solved witheut any inidication of the use ol computational

aids, Individeal puonils periormed in much the same mannsr rega

ted above., IDxainyles of hoth dasireable and undesirable

the procedures 1i
nrachilces asnd procedures sppeared both in the work of good and »oor

problem solvers.

numbers zrc censidered in this chapter: the ability

o
Q
[1b)
2
6]
O
o
w
(o]
2

of pupils to ewperience and interpret lthe number relutionships in solving
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arithmetic problems, and their skill in the application and use of
computational processes.

Good problem solvers, more than fouvr times as olten as poor
problem solvers, understood clearly the nvmbers they used, somevhat less
often were only particlly clear in their understsnding. Poor problem
solvers, nine times as often as rood problem solvers, were doubtful about
r attempted to solve, Clear
nuwnber relations arc those in which pupils identifies the numbers with
the idecs, processes, and subject matter content of the problems,
manipulate the nunbers readily and logiceally, consider tie ressonzileness
and the accuracy of their results. Partial understanding of number
reletions are churacterized by cloudy number ldentification, incoaplate
cmitien of 21l of the nmumber values, partizl solution without claar
undsrstending of the ancwer, and inability to evaluate a solution through
usvally accepted techniques of checkinz. Doubtful understanding of
nunber relations are those in which the meanings of numbers are obscured,
the values represented by numbers are vegue ancd indefinite, computetiecns
random and without rurpose, and results unithout significcace to the pupils.

Understanding of nuwaber relations were reflected in the ability
of good and poor problem solvers to resd four and Jive dipit numbers
correctly and to compute eccurately when nuabers of this size were irvolved.
&n enelysis of the work of rood and poor problem solvers on the three
oroblems involving muwbers of this size shows that rood problem solvers
read the larger nwnbers correctly twice &g oiten as poor problem solvers,

and they periovited the computational runctions three times as accurately

Y

s the pocr problem solvers.
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Poor problem solvers spent about fifty percent more time reading
and about the same amount more time in working each of the problems used
in the study. Jocelization of the computational processes, done at the
suggestion of the interviewer, were about twice as frequent among good
problem solvers as auong poor problem solverss. Good and joor problem
solvers showed little difference in the use of computational aids., Both
used extra figures on the paper freguently, but counting was not observed
to any great extent. HNo drawings appeared on the papers of either the
good or the poor problem solvers. Seven good problem solvers drew
imaginary figures in the eir as aids in thinking through their problems,

Problems were nissed most frequently because of the izilure to
choose the right method., Errors incomputation were the cause of about
one~third of the mistakes of ¢ood vroblem solver:s, but only one-fifth of
the errors of the poor problem solvers. &kegardisss oi the methods selected,
the accurecy of computation was high aion: both zood and poor problem
solvers. Hine-tenths oif the jood problem solvers and seven-tenths of the
poor problem solvers were accurate in their computation.

Group technicues of evaluating the nwnber relations and computa-
tioual skills show that good problem solvers are superior to poor problem
solvars, Good problen solvers showed clear number relations more oftcon,
could read end menipulete lerge nuabers more efficiently, were faster
in reading and in solving problems, could vocalize compuitational pro-
cesses more eifectively. ‘lhey were little more accurate in all of their
computational processes. Poor problem solvers wcre more oiten doubt-
ful in their nuwaber relations, less proficient in reading and manipula~

ting lerger numbers, slower in reading end in working the problems, and
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solvers were presented in the
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CHAPTER VII

SUMMARY AND CONCLUSIONS
e Froblem

The purpose of the study.-- Thz purpose oi the stucdy was "o

investizate the charactoristics of rrocaifures cf geod aud poor problem
solvers while engaged in solving verbel preblems in ariihmetic. Specifi-

cally, this study attempted to isolate and describe tae cnaracterisitics
of the preccedure of good and wocr sixth prade problem sclvers witch show
evidence of theughtlul and meaninzful wnderstanding, as well es those

which shew adherence to ruraly mechanical manipalation, sheer guessworlk,

wm dnmd Al o M
ox [RR Y ) %nd CITCY

ny T 3 - £ L 8] i [ S, <. - L > -
The significance of the study.-=- The study nct only outlines

Y

tzehnigue that will he nere productive of information avcut the individual

problen solving behavior of both good and poor nroblen solvers.  Croup

by punile have not been effective in isolating the individuel performances

The scowe of the study.-- The conclusions of this study are

based on the performance of good and poor problem solvers in 4

srobleane o eixbh orade ariftlmetic, Uhese nroblans,
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of one and two-ster ccn lexity, invelva onl

namely a dition, subtraction, mmltiplicetion, and

vision. ‘o chirvactordstics oi nrocedure vere obssrved. One was that
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meaningful understanding; the other thet of mechenical

ht}
=
[o

thoughtinl
less attack. The study describes those characteristics
of procedures of good and poor problem solvers in arithmetic which show
evidence of thouchtfal and meaningful understznding, as well as those

which show adherence to purely mechanical manipulation, sheer gusssuork,

or trizl and error.

Sources of data.-~ The Iowa Every Pupil Test basic Skills,

: Basic orithmetic Skills, Worm O, Part ITT, was used as a selection

the -ocd znd the peor problem solver mreoups.  Lvidence

of thougntiul and meaningful under

to

selectsd rrobloms ln aritimietic worked by each ¢f n
selected vrobloms i aritlhie

. . —
tic worked i inety-six =ixth erede

pupils. ‘rape roceordings of the vecalizatlons of pupils while they were
I

working the nroblens were an importeant source of inzormation zbout the

iiethods of research.-- The hasic method of research ussd in this

study was the modificd case study method. Individual pupils were studied
through a systenmatic observational technique designed to localize and
record each pupil's problem solving procedures, Total patterns of

svaluated and tohulct inecdotal

behavior wore obssrved, classificd

wlain and

£y

excerpte from individuel case records were introduced to ex

suopnort the tabuler evidence introduced.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



171

Related Literature

Contribution of the literature to the study.-~ The literaturc

msde three important centributions to the study: +the importaence of
meaning end understanding in problem solving in arithmetic, réports of
resecrch studies associated with the purpose of this investigation, and
techniques for studying the erithmetic problem-solving behevior of

pupils.

The significence of the term "meoning and understending! uas

e

explored through its interprotetion by recesnized writers in the field

2]

of arithmetic. Although writers expressed opinions concerning the
and understending in erithmetic, few attempted o
define snecifically what is meant by the term.

Research studies associated with the purpose of this investiga-
tion indicated the complex and diverse nature of nroblem solving in arith-
metic, Ceneral procedures, specifiic objectives, and the results reported
in those investigations were especially helpful in organizing and develop-
ing this study.

For studying inaiviawal differences in pupll procedures during
problem solving, the diagnostic interview was shoun to be of significant
value. It was generally agrzed that disgnestic interviews on an inudividnal

basis, with well-defined oblectives in mind, nay give valuaile clues

regarding procedures employed by pupils in working arithmetic problems.
Procedures Used in the Study

Basic hypothesis of the study.-- The investigation was based on

[y

the hypothesis that problenm solving can be isolated and svtudied il observed
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systematically while pupils are engaged in working problems. Systematic
observation required an adequate sample, wniform procedurzs, problems
typical oi those worked by sixth grade pupils in the public schools,
selection of the group by approved research methods, accurate and complete
records of problem solving behavior, and the analysis o the behavior by
an investigator trainced in observing pupils in writhmetic protlem sclving.

Proliminary investigations for establishing techniques and

developing procedurss.-- Seven preliminery investigations were contucted

in elementary school in Cincinnati, Hamilton, and Greenville, Ohio. These
preliminary investigations contributed to the development cif the procedures
of the investigation, and in the inte pretation of the deta derived from
ite Problems for use in the investigation were tested, methods of inter-

viewing investirated, and ways and means lor recerdin: and reporting the

procedured of the pupils durinz problem solvinge were explored.

o —= Preliminery studies hzlpsd sugg

i
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vltimately supported the following plan of investigation: OSix schools,
beliaved toc be typicel of the elementary schools of the Cincionati Public
Schools, were selecteds irom the sixth grade pupils in these schools,
forty-eizht good problem solvers and forty-eight peoor problem solvers
were selected as a sample of the pupils o be used in the study. Good

-

clvers wers those making scores on o standardized test of problem

}_(J
v
«Q
o
=
Ie]
B
E
o

solving in the upper twenty-seven percent ol the sixth pgrade pupils in the
six schocls. Poor prcblem solvers were pupils who nade scores that were
in the lowest twenty-seven nercent on the same test. Iighb verbal problems
in srithmetic were prepared and presented bo cach of the ninety-six pupils
in the total smaple, The pupils were instrucbed to work each problem and

to say aloud the procedures used in working it. EHach sclution was
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followed by 2 question and answer period in which seven stendard
questions were asked each pupil who completed the solution, L11 vocal
ubterances of both the pupil and the investigator were recorded on a
tape recorder. Notes of the behavior of the pupils while working the
problems were made. Written scluticns, tape recordings, and the notes

talken of the observed behavior of the pupils served as the source of

Orgenizstion of the data.-- ¥rom the deta listed above, three
claesifications were made of the chavacteristic procedures oi good and
poor problem solvers while solving problems in arithmetic. These proce-
dures wer groupsd as iollows: the procedurass oi good snd poor problem
solvers which show insight as e Lactor in problam solwvinz; those which
show the thought orocesses related o thes choice, employwent, end cvalua-
tion of the methods used in working the nroblews; and those which indicate
the rumber relations end conputational skills employed by pupile in

assecciating number ideas with the problem situation.

Reporting the data.-- Data relating to each of these character-

istics of procedure were tabulated as follows: characteristics of proce-

fure relating oo insicht were clescified clear, partial or doubiful.

Cheracteristics of procedure relsting to thought processes Iz1ll into

25 as follows: thourht prccesses concernad with choice of

i)
Iy £

L0 N
carse Zrou

method were grouped social, mechanical and doubbtinl; those dealing with

o
(]

epplying methods of solution  abstract, concrete, snd rundon; those

1
related to esvaluation of results quentitative, perallel and meaningless.

1 o -, JS TR S T
Characheristics

of muuber relation-

ships wers classilied
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Other tabulsr date supporting these classifications and anecdotel
excerpts freom actual problem sclutions were introduced to illustrate and
to explain the characteristics of procedure presented.

Findings of the Study with Hegard for Insizght as a ractor
in Protlem Solving

5

Detinition of insighte.-- Iosight wes defined as the degree to

which a pupil is &ble to recognice signilicant aspects ol a problem, to
associate meening and understanding with thoue aspects to apply logical
computation in the solution ol a problenm, snd to evaluate the [lpnal rssulis
in terms of his ovm experiences, Clear insight was characterized by

effective reading or the problem, dircct attack uron the problem based upon

understanding of the problem aituation, of the nroblem
situation, critical evzluatien of the finnl answer, and reasonable confi-

lence in the appropriateness ol the results. Vegue insivnl into a problem
was cheracterized by faulty readinc, cobscured number relations, imperfect
or hesitant selection of methods of attack, nejlecting signiticant words
or ideas, inadequatc notions of the meaning of the ansusr, ard luck of
coniidence in the appropriateness of the answer. Doubtiul insight was
characterized by inavility to atlack the problem, choice of & method Zer

ent resson axcept a random eifort to coupute, Iragmentary uwder-

standing with complete bewilderment &s to hov to acply thoss Iragments, and
incoherent, meeningless atitsimts to explain the solution.

Insight intc meaning and understanding of the protlems by gz

—— ——— ——— ——

and peoor problem sclverse-~-— Good problem solvers shoued clcear insisht inte

<L

the proltlems thoy colved about four times =g often as woor problem selvers,

and they showzd vague insight about es often =5 woor problen colvars,
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Poor problem solvers, houvever, showed doubtiul insight six times as often
as good mroblem solvers.

Vocabulary as a factor in the insight of a pupil intc a problem.--

I1lustrations from the work of cood and poor problem solver: chow the
importance of word and number clues to pupils in sclving problems. 4&s
might be expectad, poor problem solvers were more often deficlent in
the cood prob
good nroblem solvers did experience difficulties with wvocelbuliry, their
procedures in she solutions ware much Yike those of The pror provlan

solvers.

o
[
b
-
(/)

Sociel and scononilc information as sources of ight.—-- Hvidence

of the use oi socluel and econnnic infermeticn in the solubion of problems

vro e mprrad Ao te emTlardd S S P RN I
res onsorved in the solutions of both goed ond p

absence of this esvidence was likewise appareat in the worlk oi pupils fronm

both zroupss Solutions to the various problems uere

to the extent ol the use of social and economic in workins the
problems. Lhree jensral groursings vere made: Sociel solutions--charscusr-

s identifying himsels with a problenm situetion, directly or

KR

vicariously, or in some othsr manner indiceting that he has experienced
somg aspect of the »roblem or of the =sccicl bshovior related te it.
fechaniccl soluticas--choracterized by reforsnce only to mechanical or

computaliong

,_J

ideas thilc tlic problem ucs bein
o - ~ o -y P I - Naq o~ = . o e A -y
upon those ideas fer evaluation and Justification oFf tle proneh

0 R J A SR N A I e N O . D e DA a4 NC— _ (N
soubtlvl solutlons--charscierized by fcilure to jdve any sgenuille ronson,

such as "I don't lmoi," or "I just torkad it thet vz, or by obvious or
admitisd Lgnoronce of their procedurss.
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Use of social and economic information by good and poor problem

solvers.-- Use of social and economic information and the use of mechanical
solutions by good problem solvers occurred twice as often as by poor
problem solvers. On the other hand, poor problem solvers produced doubt-

ful solutions, in which little or no evidence of socisl or economic informa-

tion or of clear mechanical sclutions could be ssen, iifteen times as often

.
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Labeling oi enswers as a factor in insight.-- Labeling the

answers to the arithmetic problems occurred in tuo ways. The tupil might
label the answer in the written solution, or he might say it orally as he
announced the results of his solution. Sometimes one of these situeztions
was evident, sometimes both, and sometimes neither kind of lzbeling could
be Zound in the work of the pupils. Good protlem solvers, however, were
twice as likely to label orally and twice as likely to urite the labels
on their written solutions.

Gencralizations from the dita.-- In gensral, good problem solvers

were more proficient in all of the skills related to insight into a problem
situation. They more readily perceived the vroblem situaiions, they used
word and nuaber clues more expertly, they applied social and mechanical

thinking to their problem situations nore oiten, and they labeled their

answcis more eriiclently. They were not so likely as poor problem solvers
o show doubtiul insight, reflect vocabulary failures, to become bewildered
over social and economic implications, or to lebel inadequately. The
generelizations above are Lased upon group data rather thean upon analysis

of individual efiorts in provlem solving. In fact, good problem solvers

are superior Lo poor problem solvers in all aspects of problem solving
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dealing with insight into the problems. Individual pupils, however, both
good and poor problem solvers, show similar procedures in successiul
solutions to problems. Uneuccessful solutvions, likewise, show comperable
procedures and lack of insight into the problem situation both by good
and poor problen solvers,

Pindings oi the Study with liegard for Thought Processes
and Their delation to Problem Solving

Selection of methods of solving problems by good and poor problem

solvers.=- A correct method of solving a problem was deifined &s one that
would produce & correct answer il all computation and interpretation of
results were properly done. <Lwice as many good problem solvers as poor

oroblen solvers chosc the corrcet methods for selvin

o the problems,

feasons given by pupils for their choices of metnods for solving
the provlems were classliiled sociul, wechanical, and doubtful. & social
reason was cheracterigzed by reference to some social or economic iniormation,
or by association of some personal experiences with the cholce ol method.
& mechanical reason wes one thet olfers manipulative or computational
Justiiicalion ior the method used in solving the problum. 4 doubtiul
reason vias one that is incoherent, unintelligible, uwnrelated to the proce-
dure, or one tiat expressed lack of knouledge of the processes really used.

feasons given for cholce oif methods by good and poor prob

erm

solvers,-- (tood proulem solvers gave social reasoans for their choice of

method three times as often as poor problem solvers, and they gave mechani-
cal reasons about as often as poor problem solvers. On the other hand, poor
provlenm solvers gave doubtiul reasons for choosing their methods eighteen

times as often as wood problen solvers.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



178

Promptness in choosing methods and extent of re-evaluation of

methods once chosen.-- Good problem solvers were somewhat more likely to
problems
choose a method for solving/immediately, and with little or no reflection.

Once & method was selected, good problem solvers were somewhat more likely
to retain that method without reconsideration of its appropriateness.

The use of "type solutions® by good and poor problem solvers,--

About one oubt of ten good and poor problem solvers chose their methods by
mezns of procedures which have been called "type solutions." These pro-
cedures included: choosing a method because that method had been used in
the preceding problem, junping to conclusions because of a word or a number
clue, and following a rule or a formula with little or no awareness of the
meaning of what they were doing.

Thought processes used in applying the methods of solving the

problens. -~ Three kinds of thought processes were observed in the procedures
of good and poor problem solvers in applying the methods they had chosen

to work the problems, These three classifications of thought processes

were abstract, concrete, and random thinking. Abstrect thinking was
characterized by little or no reference to the subject matter content and
meanings of the problems, and by calculations based purely upon the mechani-
cal relations of the numbers. Concrete thinking was characterized by social
and economic references made during the solutions of the problems, by
weighing the importaace ol the subject matter content, and by associating
the problem solver's experiences with tne situations described in the
problems. ilandom thinking was characterized by illogical or dissociated
thinking, cloudy or distorted reasoning, by guesswork, or by obvious or

admitted ignorance about how to proceed with a solution.
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The use of abstract, concrete, and random thinking by good and

poor problem solvers in applying methods of solution.-=- Good problem

solvers were twice as likely to use either abstract or concrete thinking
in applying methods of solving the problems used in the study. Poor prob-
lem solvers, however, were six times as likely to use random tninking in
applying the methods of solving these problems.

Thought processes used in evaluating the results of methods of

solving the problems,-- After solving the problems, pupils evaluated their

results in three different ways. Some used quantitative methods, soie
parallel methods and others meaningless methods of appraising their solu-
tions. A quantitative method was characterized by identification of the
results with a known numerical value, by reworking the computational
processes, or the association of the answer with some known social or
economic values. A parallel method was characterized by use of a reverse
procedure, such as multiplication to check division; substitution of
approximate values; and using a reversed set of number, as in exchanging
the teims in multiplication. A meaningless method was characterized by
the inability of the pupil to give a plausible reason, and by vague and
evasive replies.

The use of quantitative, parallel,and meaningless methods of

evaluating the answers to problems.-- Good problem solvers used quantita-

tive methods twice as often as poor problem solvers in evalvating their
answers to problems, and they used parallel methods five times as often as
poor problem solvers. Poor problem solvers, hovever, used meaningless
methods about fifteen times as often as good problem solvers,

Generalizations from the data.-- In general, good problem solvers
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chose correct metnods more often, used social reasons for choice of
method more oiten, were more likely to use &bstract and concrete thinking,
and more irequently used quantitative or rarallel methods of checking and
evaluating the answers. On the other hand, poor problem sol e s were more
likely to choose wrong methods, to give doubtful reasons for their choices,
to employ random thinking, and to evaluate their results by meaningless
methods of wppraiszl. If, however, the anecdotal illustrations are examined,
it may be clearly seen that poor problemn solvers were capable of desirable
problem solving procedures and thet good problem solvers sometimes demon-
strated incfricient procedures.

Pindings of the btudy with segerd for Uncerstanding of

whenber delations and Uomputation as iactors in
Problem Solving

Number relsations as a factor in problen solving.-- ullierences

were noted in the menner in which various puplls cxhioited en understeanding
of the relationships of the numbers within & protl:m. thesc Jifferences

were classiiied, and the understanding of the nuwber rclations which pupils

ted in the problems they solved was divided into three »ro psS.

(o)
0]
=3
Q
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The groups were: clewr nuwaber relations, psrtiel numler rclations, and
doubtiul number relations. Clear numbe:r relutions were characterized by

identifying the numbers with othsr ideas in the probleoms, menipulsting the

pee

numbers readily and logicelly, and by considering the ressonsbleness and
evaluating the accuracy of the results. rPartial number relations were
characterized by cloudy numier identiiication, incomplete recosnition of

number values, partiel solution without clear understancing oi the enswer,
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and inability to evaluate the solutions by means of the usual techniques
of checking. Doubtful relations were those in winich the meanings of
numbers were obscured, computations random and without purpose, and the
results without significance.

Understanding of number relations by good and poor problem

solvers.-- Good problem solvers understood the relations of the numbers
they used in solving the problems four times as often as poor problem
solvers. Somewhat less frequently than poor problem solvers, they were
partially clear in their understanding of number relations. On the other
hand, poor problem solvers demonstrated doubtful understanding of number
relations in working the problems nine times as often as good problem
solvers.

Computational procedures by good and poor problem solvers in

solving problems.-~ 4 procedure that gave some cvidence oi the ability of

pupils to perform computation necessary ior problem solving was that of
reading and manipulating numbers four or five digits in length. Good
problem solvers were able to read numbers of this size twice as often as
poor problem solvers, and they could manipulate them accurately three times
as oftten as poor problem solvers. Good pro:lem solvers vocalized their
computational processes, when requested to do so, twice as often as poor
problem solvers, Poor problem solvers used one and one-half itimes as much
time, both in reading the problems and in performing the computation. Very
little difference was apparent in the use of computational aids, and count-
ing was almost negligible in frequency. Of all the computational aids, the
use of extra marks on the paper was most often used. The frequency of

extra marks of this kind among good and poor problem solvers was about the

same.
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The most common cause of failure to get a problem right was
wrong choice of method. Surprisingly, incorrect computation was responsible
for only about one-third of the errors of good problem solvers and about
one~fifth of those of the poor problem solvers. When only the computation
was considered, and the work of the pupils was surveyed without reference
to their accuracy of choice of method, good problem solvers were ninety
percent accurate in computation and pocr problem solvers were seventy
percent accurate.

Generalizations from the data.-=- In general, good prcblem

solvers were superilor in understanding of number reletions used in solving
the croblems, Their superiority in computation is not as marked as in
other aspects of problem solving, but there is some indication that in

this respect good problem solvers likewise were more proficient., Presenta-
tion of illustrations which explain the verious computational procedures
reveal, however, that the work of individual good snd poor problem solvers

was much dike in the employment of desirable and undesirable procedures.

Conclusions

Procedures of good and poor problem solvers,-— After careful con-~

sideration of the procedurss of good and poor problem solvers in working
arithmetic problems, the following conclusions were reached:

1. Good problem solvers, &s a group are superior to poor problem
solvers in the insight showm into a problem situation, They understand the
meanings of the terms of the problems more freguently, use word snd number
clues to better advantage, apply soclal and economic iniormuticn to a
grester extent, and demonstrate greater familiarity with resultis by wmore

efficient lebeling of the answers.
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2. Both good and poor problem solvers are capable of clear,
partially clear, and doubtful insight when individual solutions to problems
are considered. Thus, a poor problem solver may present a solution to a
problem which shows equal or greater insight than that showm by a good
problem solver to the same problem. On the other hand, a good problem
solver may produce a solution which indicates bewilderment equal to or
greater than any showm by a poor problem solver.

3+ Insight into a problem is closely related to the ability of
a pupil to recsll background experiences and to apply those experiences
in the problem solving operation.

lis  Good problem solvers, as a group, are more likely to employ
sociel reasons for choosing their method of solving a problem, to make use
of abstract or concrete thinking in applying that method, and to eveluate
their results through quentitstive or parallel techniques. On the other
hand, poor problem solvers are more likely to use undesirable thinking
procecures.,

5. Individual good and poor problem solvers deviate irom the
normal behavior of the group. When these deviations occur, poor problen
solvers may show efficient use of desirable thinking processes and good
problem solvers may give little evidence of the employment of effective
thought processes.

6. Thinking processes employed in solving arithmetic problems
are likewise an individual accomplishment, besed upon the expcriences of
the pupils with number ideas and quantitative meanings. It may be reason-
ably expected that good problem solvers will produce more desirable

responses, however, it camnot be assumed that poor problem solvers are
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incapable of clear thought processes nor that good problem solvers are
incapable of utter confusion and bewllderment in their thinking processes.

7. Understanding of relationships between nuabers is morve
likely to occur in the solutions of good problem solvers as a group, than
in those of poor problem solvers.

8. Poor problen solvers sometimes demonstrate that they under-
stand clearly all oi the number idess and quantitative velues involved in
working a problem. On the other hand, good problem solvers may show in
individual solutions that they are unable to understand these relationships.

9, Understanding of number relaticnships by either good or poor
problemn solvers is evident when the pupil shows familiarity with the ideas
presented by the problem and with the quantitstive values expressed by the
nunbers in the problems.

10. Good problem solvers are more likely to be efficient in compu-
tational skills then poor problem solvers, although superiority in this
respect is not so pronounced as in the procedures discussed above, Reading
four or five-digit numbers and manipulating these numbers are skills more
often demonstrated by good troblem solvers. Perhaps because of group
superiority in such procedures as insight, thought processes, and under-
standing of number relationships, zood problem solvers are more offen able
to vocalize their computationsl processes when they are requested to do so.

11l. Poor problem solvers are slower as a group, both in reading
and in solving arithmetic problems, than good provlem solvers.

12. When individual performances are considered, poor problem
solvers show that thiey too may be compebtent in such computational tasks

as reading larger number, manipulating thiese numbers, and vocslizing
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computational processes. Good problem solvers, on the other hund, show
that in individual solutions to problems they are sometimes inadequate
in these computational functions.,

13. Computational aids do not figure excessively in the work of
either good or poor problem solvers. The most common of these devices,
that of using extra marks in borrowing or carrying, is a practice encouraged
by some teachers of arithmetic in the intermediate grades. ihe infrequent
occurrence of counting, both amonz good and poor problem solvers, indicates
approaching maturity in computation and abandomment of the immature pro-
cesses enployed in the lower grades. The absence of drawings and diagrems
was surprising, a fact which suggests either lack oi instructicn in the use
of such devices or the premature dependence upon abstract reasoning in
problems involving dimensional data.

1. A&s cowpared with wrong choice of method, computational error
accounts for a relatively small percentage of the incorrect solutions to
probleus. If method is partialled out, accuracy in calculation by both
good and poor problem solvers reaches approximately eighty percent. This
accuracy tends to promete complacency on the part of pupils, who check
their computation and if no errors are detected, conclude that their answer
is right. This may be the result of over-emphasis upon computation and
the performance of excessive mechanical arithmetical busywork., This is
supporting evidence that the desire to compute may gloss over the elements
of understanding snd render them inactive.

Group and indiviaual evaluation of problem solving proCedureS, ==

The employment of group data alone in such & study tends to emphasize only

the probalility of occurrence of certain behavior on the pert of good and
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poor problem solvers. Such data fails to point out that on an individual
basis, a poor problem solver may perform ecually as well as a good problem
solver or thet a good problem solver may be as inept in working certain
problems as any poor problem solver. Although the probability of desirable
performance always favors the good problem solvers, individual good and
poor problem solvers searched for the same verbal clues, recognized the
same extraneous materials, and associated their own experiences with the
situations described in the problems. Individual pupils from both groups
failed to sce the relationships between the ideas of the problems, followed
ambiguous procedurcs, and were unzble to rclate the results of their compu-
tation with the problem situations. Good and pcor problem solvers both
labeled their answers and failed to label their answers as pupils from the
two groups completed their solutions, Pupils from both groups chose methods
thoughtfully and with care, or they jumped to conclusions and chose at
random the first idea that occurred to them. Their thinking was abstract,
concrete and random, computation was carecless and careinl, accurate and
inaccurate, simple and involved. With the exception of the ability to

solve more problems accurately, individval characteristics of sood and poor

o
problem solvers bear close rosemblance., Group data, then, tends to show
the freguency of occurrence of desirable, efficient problem solving proce-
dures of good and poor problem solvers, Individual problem solving proce-
dures of' pupils, however, rmust be studied by technicues other than those
waich produce evidence of a pupil's behavior as a part of a group., In

order to understand exactly what a pupil does when he works a problem, it

is necessary to examine the individual work of good and poor problem solvers

for evidence of similarity and dissimilarity of procedure as well as for
P
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the motivation behind that procedure.
Implications for Teachers

Procedures of good and poor problem solverse-- Cutcomes of this

study may be interpreted by teachers of arithmetic in the following
manners:

1. Insight into arithmetic problems has been shown to be an
individual matter, based upon the experiences of pupils. Although superior
performance may be expected from good problem solvers as a group, there is
reason to expect extremes cf insight, either desirable or undesirable,
from pupils of either group.

2. Greater success in problem solving will occur as pupils
develop the ability to relate ideas presented by problems, quantitative
values represented by the numbers involved, and their own experiences.
Achievement oif this skill is entirely within the reach of either good or
poor problem solvers.

3+ The experiential backgrounds oi pupils and the knowledge of
quantitative values are important factors in the thinking processes employed
by these pupils in choosing, applying, and evaluating the methods used in
solving arithmetic problems. Whether a vupil is a good or a pcor problem
solver, thinking takes place when insight into a problem stimmlates a
desire to apply experiences and quantitative values to the solution of that
problem. Definite growth in thinking processes can be expected only as the
result of arithmetic experiences which sre rich in meaning and are based
upon the rezl interests of the pupils.

L. Teachers can expect good problem solvers to experience less
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difficulty in understanding number relationships than poor problem solvers.,
Understanding of number relationships, however, may occur in the work of
either good or poor problem solvers, and extremes of performance in this
respect, both desirable and undesirable, may be expected in the work of
pupils from either group. Understanding of number relationships apparently
comes from repeated and varied experiences with mumbers as well as with
quantitative values. The fact that a poor problem solver may also be a
slow learning child emphasizes the need for many and diverse experiences

as well as repeated iteration of quantitative subject matter. The success-
ful teacher of either good or poor problem solvers must build on present
knowledge and must make arithmetical experiences meaningiul to the pupils.

5. The slowmess of poor problem solvers, both in reading and in
working problems, suggeste a lighter work load and carefully selected
vocabulary. On the contrary, good problem solvers may be exwpected to do
more work than poor problem solvers and to profit from enriched vocebulary
experiences.

6. Computational aids do not present a serious problem, either
in the work of good or of poor problem solvers. The use of carrying or
borreowing marks represented most of the cases cbsorved; it is likely thet
some sixth grade pupils have not yet achieved sufficient computational
maturity to warrant abandcnment of these practices. CGramual eclimination
of these practices is evidenced by the fact that more them two thirds of
the pupils did not use any of them. A surprising absence of disgrams and
drawlngs ilndicated that ledchers have failed to lmpress upon pupils the
value of these practices.

7. The fact that good problem solvers were able to vocalize
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computation more often than poor problem solvers indicates that relaxation
and freedom from strain wmight accompany greater familiarity with the vocabu-
lary and the number relationships of the problems.

8. Accuracy of computation must be considered desirable pro-
cedure in arithmetic problem solving, both by good and by poor problem
solvers. The same accuracy, however, may movide false security for both
good and poor problem solvers, particularly when the method is chosen at
random or by some other undesirable method. Pupils are likely to examine
the computation in such ecases, and if no error is discovered in the mechanics,
declare that the problem is right. Confidence in their ability to periorm
a certain computational process might lead to the selection of that process
rather than one they consider more difficult. Over-emphasis oi computation
by teachers might restrict the evaluation of results of problem solving to
superficial checking of computation zlone.

Group and individual evaluation of problem solving procedures.--

Group methods have served teachers for many years as devices for measuring
class achievement, diagnosis of pupil attairmmeant, and testing instructional
materials. They have not, however, given teachers much information aboutb
whet a pupll actually does when he works an erithmetic problem. This

study isolated certain significant procedures employed by pupils while
working erithmetic problems: namely, insight, thought processes, number
relationships, and computationzl skills., The study further outlined certain
techniques that may be used in examining these procedures. These techniques
of studying the procedures of individual pupils during problem solving may
be employed by teachers of arithmetic, not only to substantiate the findings

of this study but also to conduct further investigations along the same line.,
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The teacher of arithmetic may learn from this study that either
good or poor problem solvers are capable of desirable, partly desirable,
or undesirable problem solving procedures. Desirable procedures are most
often associated with meaning and understanding. Undesirable procedures
are most frequently associated with gussswork, trial and error, or raandom
calculation based upeon lack of understanding., Purposeful study of the
problem solving bchavior of good and poor problem solvers may be profitable
to the teacher who would like to know more aboubt how a pupil goes about

working an arithmetic problem.
Suggestions for Further Research

The following studies were suggested while the writer was pre-
paring and executing the present investigation. ILuch of them presented
an area of research which might have produced signiificant results. This
report opens these Iilelds for & study of individual procedurss oif pupils
while working arithmetic problemns. The following topics are suggested as
being significant for anyone wishing to meke a study of a neture similar
to the present investization:

1. 4 study of the characteristics of the procedures of good
and peor problem solvers, using pupils selected at random from an elemen-
tary school population.

2. A study of the characteristics of the procedures of good and
poor problem solvers, using intelligence rather than arithmetical achieve-
ment as the basis for selecting the sample.

3. & study of the characteristics oi problem solving procecdures

of pupils while their avility limits are beiny explored.
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iy A study of the characteristics of the procedures of good and
poor problem solvers ,‘ using subject matter content other than whole numbers,
for example, fractions or decimals.

5. A study of the effects of directive assistance upon the
characteristics of the procedures of good and poor problem solvers.

6. A study of the effects of frustration upon the characteristics

of the procedures of good and poor problem solvers.
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FUNCTIONAL EVALUATION IN MATHEMATICS
William A. Brownell, Editor

Number Right
Test 2— Problem Solving | _____J
by
BEN. A. SUELTZ
lementary Level | Grades 4, 5 and 6 Form A
AME Boy .o Girl ... Grade .o
acher ... Date ..o e
Year Month Day
+7010) E OSSO . Born -
Year Month Day
LY ceremenennenenenae .. State . Age
: Years Months . Days

RECTIONS — Read each problem carefully and be sure to do just what it asks. Show your work in the work
ce and write your answer on the dotted line at the side of the page. The sample problems show you how to
this,

SAMPLE PROBLEMS

The pupils in one room changed the soil
for the plants in their room. They had two
sizes of flower pots. The large pots each
held 2 quarts of soil and the small pots each
held 1 quart of soil.

Space for Work Answers

- How many quarts of soil were needed for 7 of the v

large-size pots? 7 A ]17L at

X :
14

- For new soil for the plants 1 quart of sand was 16

used for each 2 quarts of soil from the garden. —

How much sand was used with a bushel (32 quarts) )3

of soil from the garden?

. B. ... .l.é’ ....... q’s.

Copyright
1952

EDUCATIONAL TEST BUREAU

EDUCATIONAL PUBLISHERS, Inc.

Philadelphia Minneapolis Nashville
3433 Walnut St. 720 Washington Ave. S. E. 2106 Pierce Ave.
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Page 2
THE NEW PARK STREET SCHOOL
Next year the pupils from the old Hill School will go to the
new school on Park Street. The new Park Street School will

have large pleasant rooms and a fine new playground. There
will be two classrooms for each of the grades one through six.

o n-r—‘-“? >
B ST

13

. - -~ e A :.’i.. ‘ . -
P A =i = —"_ .-.;T...,‘;n_-_“;
~%l;lm...-. centttas rommd 1 {4 v o wllit,, .llm...élt.@é%&ﬁ N S = -3 -~

Space for Work Answers

1, How many classrooms will there be for all the
grades, one through six? ) R

2. The new school will have seats for 430 pupils, That
is how many more than the 368 pupils now in the
old Hill School? 2.

3. The new school has a total of 6 acres for play-
grounds. This is divided into three equal spaces.
How many acres has each of the spaces? 3.

4, Of the 368 -pupils enrolled in the school, 179 are )
girls. The rest are boys. How many are boys? 4.

5. One room has six rows of seats with 6 seats in
each row and another row with 4 seats. How many
. seats are in this room? 5.

6. The new school will have 2 teachers for each of
the six grades. There will be 3 other special
teachers, also. How many teachers will the school
have? 6.

7. One day Sally was asked to divide a package of
500 sheets of drawing paper equally among four
rooms. How many sheets did she give to each
room? : 1.

8. To prevent waste, the new school will allow each
pupil 2 paper towels a day. How many towels will
be needed for a week of 5 school days for the
368 pupils? 8. .

9, Pupils are in school from 8:45 to 11:50 each morn-
ing. How many hours and minutes is this? . 9

10. To decorate for a party, one class needs 105 silver
stars. If 7 stars can be cut from one sheet of silver
paper, how many sheets of paper are needed? 10

2A : Go on to Page
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IN THE FOOD MARKET

Ellen went shopping with her mother. They took a list
of things to buy but did not buy until they could see the
quality of the foods in the market. The prices that day
were:

DALY

CANNED GOODS PRODUCE
omatoes, 20 0Z. CaN .ccorereiieans 21¢ Oranges 87¢ doz. Roast
eaches, 30 02, CAN ..cccoovrevncmrmrerenenns 27¢ Celery ... 2 for 17¢ Bacon
ilk, tall can ... 3 for 39¢ Spinach 10¢ Ib.  Steak ...
eas, 20 0z. can ... 68¢ doz.

Space for Work

1. How much did 6 cans of milk cost? ) 8 R

2. How much did a dozen oranges and two dozen eggs

cost? 12,08 .

3, How much change did Ellen’s mother get from a
dollar when she bought a can of tomatoes and a
can of peaches? : B 1B E S

4, How much cheaper was 2 pounds of hamburger than
2 pounds of steak? | U S

5. Ellen’s mother chose a 4-pound roast and a half
pound of bacon. How much did these meats cost? 15 8 o, '

B. A 3-pound package of frozen lima beans sold for
75¢. One-pound packages sold for 80¢. How much
was saved by buying one large package rather than
three small one-pound packages? 16, e

7. Ellen’s mother spent $7.78 for groceries and meats.
She also paid 25¢ for delivery. How much change i
did she have left from a ten-dollar bill? | A —

3, The 4-pound roast needed to be baked 20 minutes
for each pound of weight. If it was placed in the
oven at 11 o’clock, when was it ready? 18 ol

9, ‘How many 20-ounce cans would be filled with the .
tomato juice from a dozen 30-ounce cans? 19, e

). How much did 34 pounds of steak cost? 20 §

. Go on to Page 4
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VISITING A DAIRY

The 83 pupils and their teacher from one of the rooms of
the Madison School visited the Glendon Dairy. The dairy
is 5 miles from the school. They all made the trip in
automobiles. »

Space for Work Answers

21. They left the school at 8:50 in the morning. If they
were gone 2% hours, what time was it when they
returned? 21.

22, Each automobile could carry 6 children or 5 adults
-+ in addition to the driver. How many cars were -
needed for the pupils and teacher? 22, e

23, At the rate of 20 miles per hour, how many minutes
did it take to drive the 6 miles from the school to .
the dairy? 23, e mi

24, Mr. Glendon has 36 head of cattle on his 315-acre
farm. How many acres does this average for each
of his cattle? 24, ..o

25. One cow gives 7 gallons of milk each day. How
much is this worth at 15¢ per quart? 25, & e,

26. Each day Mr. Glendon fills 28 crates, each holding
24 quart bottles. At 2 pounds per quart, how many
pounds of milk are needed to fill the 28 crates? 26, . 1l

27. Mr. Glendon gets 21¢ per quart for the milk he
delivers. The milk itself costs only 14 of the 21¢
and the rest is for bottling, delivery, and other
services. How much per quart is for bottling, 270 e,
delivery, and other services? ’

28. Mr. Glendon’s largest expense is for feed. How
much must he pay for 700 pounds of feed when the
price is $5.18 per hundred pounds? 28, §

29, Mr. Glendon gave each of 40 persons a 6-ounce
bottle of milk. How many quarts were needed to

fill the 40 bottles? .

(1 quart = 32 ounces) ' 29, e q

30, On the average, a milk bottle makes 20 trips out
of the dairy before it is lost or broken. To the
nearest whole number, how many bottles are needed
for making a total of 365 trips per year? B |

2A 481452 End of Test. Look over your work. No. Right...........
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ARITHMETIC TEST — REASONING

[For Grades 3 to 8)

\ME

{Middle) (Flest)

(Last)

Months . GRADE cITY

NATIONAL ACHIEVEMENT TESTS

R
General Editor and Co-Author

NAME OF SCHOOL

198

PAGE 1
OBERT K. SPEER, Ph.D., New York University SCORE
Ressarch Director Part |
Part Il
Part [11
Part IV
TOTAL

STATE DATE

5E: Years

GENERAL DIRECTIONS: After doing Part I, read the directions for Part II. Then do Part II. Go
on in the same way with Parts III end IV. DO NOT HURRY; BUT DO NOI WASTE TIME. If
you do not know the answer to a question, go on to the next one. DO NOT GUESS.

PART I

COMPARISONS
(Key No.

READ THE FOLLOWING SAMPLE:
Mother gave you 1 cent. Father gave you 2
cents. Sister gave you 5 cents. WHO GAVE
YOU MOST?
m. mother
z. father
a. sister
In this SAMPLE, sister gave you most. A line
was drawn under the word “sister”.

DIRECTIONS: BELOW, there are 10 problems. For each problem, DRAW A LINE under the right

answer. Do all your work on this paper.

AK)

PRACTICE EXERCISE:
Bread costs 10 cents a loaf. Milk costs 10
cents a quart. Candy costs 5 cents a bar.
WHICH OF THE FOLLOWING COSTS
MOST?

' ¢. 2 loaves of bread

e. 2 quarts of milk

0. 5 bars of candy

. Mary sells candy for 2 cents a piece. Albert sells
the same candy for 3 cents a piece. George sells
the same candy for 4 cents a piece. WHO SELLS
THE CANDY AT THE LOWEST PRICE?

b. Mary
c. Albert
d. George

3. Three boys sold papers every day, including Sun-
days. John earned 26 dollars a month. George
earned 6 dollars a week. Albert earned 1 dollar
a day. WHO EARNED THE MOST IN A
MONTH?

i Albert
j. George
k. dJohn

. Henry weighed 95 pounds in January; he gained
3 pounds in February; and he weighed 97 pounds
in March. IN WHICH MONTH DID HENRY
WEIGH THE MOST?

m. January -
n. February

o. March

. There are three places. It costs 200 dollars to go
to the first place, one way. It costs 200 dollars to
go to the second place and come back (both ways).
It costs 300 dollars to go to the third place, one
way. TO WHICH PLACE IS IT CHEAPEST
TO GO?

a. the first place
c. the third place
e. the second place

(GO ON TO NEXT COLUMN.)

GO ON TO NEXT PAGE.)

{Copyright 1938, Acorn Publishing Co., Rockvllle Centre, N. Y.)
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NATIONAL ACHIEVEMENT TESTS
(Arithmetic Reasoning—Continued)

PAGI

PART I.

. John sells pencils at 5 cents each. George sells
pencils at 6 for a half-dollar. Sam sells pencils at
45 cents a dozen. WHO SELLS PENCILS AT
THE LOWEST PRICE?

x. John
f. George
. g Sam

. A pound of meat costs 40 cents. Four pounds of
cake costs 80 cents. Six pounds of candy costs 1
dollar. WHICH OF THE FOLLOWING COSTS
LEAST TO BUY?

a. a pound of meat
b. two pounds of candy
¢. two pounds of cake

. A nine-dollar coat lasts one year. A seven-dollar
coat lasts ten months. A twelve-dollar coat lasts
fifteen months. WHICH COAT WEARS BEST
FOR THE MONEY?

e. the seven-doliar coat
t. the nine-dollar coat
p. the twelve-dollar coat

. The first position pays the income from $3,500.00
at 6%, plus a salary of $1,000.00 a year. The sec-
ond position pays the income from $3,000.00 at
7%, plus a salary of $1,200.00 a year. The third

(GO ON TO NEXT COLUMN.)

PART Il

COMPARISONS (Continued)

position pays the income from $3,500.00 at 5
plus a salary of $1,500.00 a year. WHICH POf
TION PAYS MOST?

h. the first position
1. the third position
r. the second position

9. Sam has 2 pieces of candy to share with John a
Mary. Sam gives half of one piece to John, a
shares the rest of this piece equally with Ma:
Sam gives half of the other piece to Mary, a
shares the rest of this piece equally with Jol
WHO GETS THE SMALLEST SHARE OF TE
CANDY?

s. John
n. Sam
f. Mary

10. A cake weighing 26 ounces cost 24 cents a pour
A cake weighing one-half pound costs 11 cents.
cake weighing 5 ounces costs 6 cents. WHI(
CAKE SELLS AT THE LOWEST PRICE?

y. the 26-ounce cake
z. the half-pound cake
g. the 5-ounce cake

(GO ON TO PART II.)

NUMBER RIGHT IN PART 1

PROBLEM ANALYSIS

(Key No. AL)

READ THE FOLLOWING EXAMPLE:
PROBLEM: You bought 5 pounds of butter for
2 dollars. How much did the butter cost per
pound?

THIS PROBLEM TELLS YOU
d. how much you spent for 1 pound
b. how much money you had left
¢. how much butter you bought
a. how old you are
In this SAMPLE, sentence “c” is true. A line
was drawn under sentence “c”.

PRACTICE EXERCISH:

PROBLEM: You bought 3 loaves of bread for
30 cents. How much did 1 loaf cost?

THIS PROBLEM ASKS YOU TO FIND

m. how much bread you bought

n. how much 1 loaf cost

o. how much you spend for 3 loaves
p- how much money you had

DIRECTIONS: In this Part, there are 20 questions. For each question, DRAW A LINE UNDER
THE ONE SENTENCE that is true. Read every problem carefully.

(GO ON TO NZXT PAGE
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- PART Il. PROBLEM ANALYSIS {Continued)

OBLEM A: You had 10 cents. Then you got 5
its from mother, and 3 cents from father. How
ich did you have all together?

PROBLEM A TELLS YOU

d. how much you gave away

8. how much you spent

a. how much money your mother has

e. how much money you had at the start

PROBLEM A ASKS YOU TO FIND

f. how much you had at the start

o. how much you got from father

n. how much you had all together

v. how much money you got from mother

IN PROBLEM A, WHICH ANSWER IS MOST
NEARLY CORRECT?

y. 10 cents

x. 20 cents

i. 20 cents

t. 30 cents

TO FIND THE ANSWER TO PROBLEM A,
WHAT SHOULD YOU DO?

b. add

m. subtract
z. multiply
c. divide

OBLEM B: You save 6 cents every day. How
ch will you save in 7 days?

PROBLEM B TELLS YOU

h. bow much money you now have

k. how much you can get from mother
g. how much you save every day

p. how much you spend every daj

WHAT DOES PROBLEM B ASK YOU TO
FIND?

u. how much you save every day

b. how much you will save in 7 days

j- how much you spend every day

0. how much you now have

7. IN PROBLEM B, WHICH ANSWER IS MOST
NEARLY CORRECT?

1. 5 cents

q- 10 cents
e. 45 cents
f. 85 cents

8 TO FIND THE ANSWER TO PROBLEM B,
WHAT SHOULD YOU DO?

m. add

r. subtract
v. divide

n. multiply

PROBLEM C: If you save three dollars every week,
how many weeks will it take you to save enough to
buy a thirty dollar bicycle?

9. PROBLEM C TELLS YOU
¢. how much you now have
i. how much you save every week
8. how long it will take you to save 30 doliars
'w. how many weeks you have saved 10 dollars
10. PROBLEM C ASKS YOU TO FIND
g how long it will take you to save 30 dollars
a. how much you save every week
d. how much you now have
t. how much you had when you began to save

11. IN PROBLEM C, WHICH ANSWER IS MOST
NEARLY CORRECT?

b. twelve weeks
. five weeks

f. thirty weeks
r. twenty weeks

12. TO FIND THE ANSWER TO PRCBLEM C,
WHAT SHOULD YOU DO?

add
multiply
divide
subtract

e BN

(GO ON TO NEXT COLUMN.

(GO ON TO NEXT PAGE.)

(Copyright 1938, Acorn Publishing Co., Rockville Centre, N. Y.)
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PART Il

PROBLEM D: An airplane travels 120 miles per
hour. You must pay 7 cents per mile, to travel by air-
plane. How much will it cost you to travel, by air-
plane, 960 miles in 8 hours?

13. PROBLEM D TELLS YOU
¢. how much it will cost you to travel 8 hours
v. how much it will cost you to travel 1 hour
i. how much it will cost you to travel 1 mile
o. how many hours you can travel for 7 cents

14, PROBLEM D ASKS YOU TO FIND

m. how much it will cost to travel 1 hour
p- how far you will travel in 1 hour

j. how far you will travel in 8 hours

n. how much it will cost to travel 8 hours

15. IN PROBLEM D, WHICH ANSWER IS MOST
NEARLY CORRECT?
x. $100.00
q. 120 miles
8. $15.00
g $70.00

16. TO FIND THE ANSWER TO PROBLEM D,
WHAT SHOULD YOU DO?
d. add
e. multiply
f. subtract
y. add, and then divide

PROBLEM E: Three boys have a stamp club. The
first boy invested ten dollars for stamps; the second
boy invested five dollars for stamps; and the third boy
invested five dollars for stamps. They have just sold
the stamps for thirty dollars. Each boy must now get
his money back; and the profits are to be divided in
proportion to the amount each boy invested. How
much more profit would the first boy make than the
third boy?

(GO ON TO NEXT COLUMN.)

PROBLEM ANALYSIS (Continued)

17. PROBLEM E TELLS YOU

Ww. how much more the first boy invested th
the third boy

h. how much more profit the first boy made th
the third boy

L. how much profit each boy made

n. how much each boy invested in the club, f
stamps

18. PROBLEM E ASKS YOU TO FIND
0. how much the three boys invested all togeth

8. how much more the first boy invested than t

third boy

i how much more the first boy gained than t
third boy

t. how much profit the three boys made :
together

19. IN PROBLEM E, WHICH ANSWER IS MOE
NEARLY CORRECT?

d. 12 dollars
a. 6 dollars
¢. 20 cents
b. 2 dollars

20. TO FIND THE ANSWER TO PROBLEM
WHAT SHOULD YOU DO?

e. find the total profits made, and divide so th
the first boy will have one-half the tot
profits

p. find the profit made by the second boy, a1
divide by 3

u. divide the total profit into three equal part

k. add the amounts the three boys invested, pl

the amount received for the stamps th
gold '

(GO ON TO NEXT PAGE.)

NUMBER RIGHT IN PART 11
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PART Il

FINDING THE KEY TO A PROBLEM

{Key No. AM)

READ THE FOLLOWING SAMPLE:

You had 3 cents. Then father gave you 2 cents.
BEFORE TELLING HOW MUCH YOU HAD
ALL TOGETHER, WHAT SHOULD YOU
FIND OUT?

a. how many cents there are in a dollar

b. the sum of money you started with and the
money father gave you

m. how much you had after father gave you 1
cent

In this SAMPLE, sentence “b’ is true. A line
was drawn under sentence “b”.

DIRECTIONS: BELOW, there are 10 problems. For each problem, DRAW A LINE under the one

sentence that is true. DO NOT GUESS.

PRACTICE EXE’RC'ISE:

You have 1 cent. You want to buy a toy that
costs 4 cents. BEFORE TELLING HOW MUCH
YOU NEED, WHAT SHOULD YOU FIND
ouT?

8. how much you must add to 1 cent, so that you
will have 4 cents

k. how many cents there are in a dime

c. how many toys you could buy for ten cents

. You must buy seven books at a price of 2 dollars
each. Your father will give you the money, if you
tell him how much you need. BEFORE GET-
TING THE MONEY, WHAT SHOULD YOU
FIND OUT?

k. the cost of 2 books
a. the number of cents in a dollar
b. the cost of seven books

. You have paid five cents for five pieces of candy.
You want to sell one piece of candy for what it
costs you. BEFORE SELLING THE CANDY,
YOU SHOULD FIND OUT
d. how many pieces of candy you can buy for

ten cents
e. how much you paid for one piece of candy
f. how many cents there are in a nickel

. You have four old books for which you paid one
dollar ecach. You could buy two new books at the
same price per book. You want to tell how much
money you would need to buy the books. YOU
SHOULD FIND OUT
o. how much six books would cost
u. how much the four old books cost all together
i. the cost of one new book

. You earn five dollars every week. You want to
tell how many weeks it will take you to earn
enough for a bicycle that costs thirty-five dollars.
YOU MUST FIND OUT .

g. how many weeks you must earn five dollars
a week, to buy the bicycle

t. how many days there are in a week

¢. how much you will earn in 35 weeks

5. In each of two stores, there are a coat and hat

which you may want to buy. The first store asks
five dollars for both the coat and hat. The second
store asks one dollar and fifty cents, for the hat
alone. You must decide which store has the lowest
price for both the hat and coat. BEFORE DE-
CIDING, YOU SHOULD FIND OUT

n. how much the hat and coat, together, cost in
the second store

r. how much the coat alone costs in the first
store

8. how much the coat in the first store plus the
hat in the second store would cost

. You have $6.40. You want to keep $4.50, and

spend the rest for a toy that costs $2.80. You want
to decide whether or not you will have enough
money to keep $4.50, and still buy the toy. BE-
FORE DECIDING, YOU SHOULD FIND OUT

¢. how much money you would have if you did
not buy the toy

d. how much you would have left if you sub-
tracted the cost of the toy from the amount
of money you want to keep

e. how much you would have left if you subtract-
ed the cost of the toy from the amount of
money you now have

(GO ON TO NEXT COLUMN.)

(GO ON TO NEXT PAGE.)
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PART lll. FINDING THE KEY TO A PROBLEM (Cont'd)

7. Fred has thirteen apples. He wants to give half
the apples to Sam; and Sam wants to give half of
what he gets to you. You must tell us how many
apples you are going to get. BEFORE TELLING
US, YOU MUST FIND OUT

i. how many apples Sam would give you after
he got six and one-half apples from Fred

j- how many apples Sam would have left if he
gave you one-third of all the apples

k. how many apples you would have if you got
one-third of what Sam got

. You have fifty pencils, of which 32% are green,
58% are blue, and the remainder are black. You
want to tell us how many of the pencils are black.
BEFORE TELLING US, YOU MUST FIND
ouT

f. how many pencils are blue

g what percentage of the pencils is black

h. the number of green pencils plus the number
of black pencils

. A schoolroom that iy perfectly square, is 1600
square feet in area. You want to buy enough wire
to go all around the room. BEFORE TELLING

(GO ON TO NEXT COLUMN.)

HOW MUCH ALL THE WIRE WOULD COS"
YOU MUST FIND OUT

a. the cost of enough wire to cover one squa
foot of the room

b. how much wire equals the length of one sid
of the room

c. the cost of enough wire to fill the room

10. You have $1,000.00 in a bank which pays you 49

interest per year. You could loan $500.00 safel
to George for three months at 6% per year. Yo
want to tell us how much you would gain if yo
took $500.00 out of the bank, and loaned thi
money to George for three months. BEFOR!
TELLING US, YOU MUST FIND OUT HOV
MUCH INTEREST

1. the bank would pay you if you kept $1,000.0
there for nine months at 4%

m. you would get from the bank on $1,000.00 fo
three months at 2%

n. George would pay you on $500.00 for thre
months at 6%

(GO ON TO PART IV.)

NUMBER RIGHT IN PART III

PART IV. PROBLEMS
{Key No. AN)

DIRECTIONS: There are ten problems in this part. Do these problems in order, beginning with
the first. Do all your work on this paper. For each problem, WRITE YOUR ANSWER on the line,

at the right of the word, ANSWER

. You have fifty cents. Your mother then gives you
seventeen cents. Then your father gives you thirty
cents. HOW MUCH WILL YOU HAVE ALL
TOGETHER?

1. ANSWER_

2. If you buy 22 tickets at a price of 18 cents each
HOW MUCH WILL YOU SPEND?

2. ANSWER.

(GO ON TO NEXT COLUMN.)

(GO ON TO NEXT PAGE.)
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PART IV. PROBLEMS (Continued)

. You bought 15 apples, for which you paid 3 cents
each. You also bought 12 melons for which you
paid 10 cents each, and 27 peaches for which you
paid 5 cents each. HOW MUCH DID YOU
SPEND ALL TOGETHER?

3. ANSWER.

. You pay 18 dollars per month for rent. You also
pay an average of 32 dollars per month for food.
HOW MUCH WILL RENT AND FOOD TO-
GETHER COST YOU FOR ONE YEAR?

4. ANSWER

. You spend $6.00 for ten books. HOW MUCH
WILL THREE OF THESE BOOKS COST
YOU?

5. ANSWER

6. A pound of butter costs twenty cents. A pound

of lard costs 12 cents. HOW MUCH MORE
MUST YOU PAY FOR A HALF POUND OF
BUTTER THAN YOU MUST PAY FOR A
QUARTER POUND OF LARD?

6. ANSWER

7. HOW MUCH INTEREST MUST YOU PAY IF

YOU BORROW §$126.00 FOR 90 DAYS AT 6%?

7. ANSWER

(GO ON TO NEXT COLUMN.)

(GO ON TO NEXT PAGE.)
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PART IV. PROBLEMS (Continued)

8. Mr. Jones, who now pays $36.00 per month for | 10. Last year, the state tax on your property w
rent, has asked for a 25% reduction in rent. IF $1.60 per thousand dollars of assessed valuatio
HE GETS ONE-FOURTH OF THE REDUC- This year the tax is $1.80 per thousand. Last ye

'TION FOR WHICH HE ASKS, HOW MUCH you paid a tax on property assessed at $8,000.(
- LESS WILL HIS ANNUAL RENT BE THAN This year you must pay a tax on property assess
IT IS NOW? : at $7,000.00; but if you pay promptly this yes
you will be allowed a 2% discount. IF YOU PA
PROMPTLY, HOW MUCH MORE WILL YO
HAVE TOPAY THIS YEAR THAN YOU PAI

LAST YEAR?

8. ANSWER.

9. You have $500.00 in a bank which pays 3% per
year. You could buy a bond for $500.00 paying
6% per year. HOW MUCH WOULD YOU GAIN
BY TAKING THE MONEY OUT OF THE
BANK TO BUY THE BOND, IF YOU KEPT
THE BOND FOR ONE YEAR, AND THEN
80LD IT FOR $560.00?

10. ANSWER
9. ANSWER (END OF TEST. LOOK OVER YOUR WORK.)
(GO ON TO NEXT COLUMN.) NUMBER RIGHT IN PART IV
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PART . PROBLEMS s

Drrectlons Read each. problem carefully. '
work on scratch paper. .
those given on the answer sheet and mark the proper
0%, as you did in Part II. =~ - -

-In some problems, you are asked to give only an ap-
oro:z;zmate answer,” For these particular problems, no
N is given on the answer sheet, but you are to mark the
D0X in,fronf; of the answer that is most nearly like your
Wh. r

~ At the beginning of the year, there were 13 girls and
8 boys in the third grade, 15 girls and 12 boys in the
ourth grade, 11 girls and 16 boys in the fifth grade,
ind 13 girls and 13 boys in the sixth grade of the Jack-
on School.

/4 How meny girls were in the four gra,des?

75 How many more boys than g1r1s were there in all
four grades?

/O At the end of the year, there were 34 children in
the fifth grade. How many more children were
in the fifth grade at the end of the year than at
the begmmng?

77 The absences in the fifth grade during one Wweek
were as follows: Monday 3, Tuesday 0, Wednes-
, day 5, Thursday 2, Friday 5. “"What was the av-
erage number of absencee for each day?

On an automobile trip with his father, Tom kept a
ecord of the speedometer readings as they droves
long. At home it read 9209; at Salem the reading was

217; at Vale City, 9291 miles; and at Greenville, '

D356 miles.
/8 How far was it from Salem to Vale City?

7 Q- If it took 3 hours to make the trip from home to
Greenville, how many miles per hour did they
travel?

30 Before he started, Tom’s father bought*8 gallons
of gasoline at 17¢ per gallon and a quart of oil at
36¢ per quart. What was his bill?

\The Girls’ Club sold Christmas cards at $1.00 per
ox. The cards cost them 60¢ per box.

31 How much profit did they make on each box of
cards they sold?

S 5 . L

o your 82 't"’l‘ll‘ieir P#oﬁ.t Wasrrhat per cent of the seui;ig Pl'lce‘l
-Compare: your:answer with - ) - : S

~

:83" How much would it cost to sen:d a letter. Weléhxigjf ’

2% ounces to Australia if postal rates are 5¢, for
the first ounce and 3¢ for each add1t10nal ounce or
fractron of an ounce‘? ' el

84 How many tons of coal can be stored i in abin
4 feet wide, 10 feet long, and 3 feet deep? - (Coal
Welghs about 50 pounds per cu. ft. ) SR

85 The seventh grade planned to take a tnp to an
Indian reservation. The teacher said, “Mr."
Brown is taking 5 of the children in his car, and. I
can take 3. That means we have rides for one- .
fourth of the class.” How many chlldren were in-
the seventh grade? : "

86 Ship A is rated as. of 12,48\0Atons.. If shiﬁ Bis

about one-fourth as large, what is its tonnage? * .
(N ote that in this problem no exact rela,tlonsh1p'
isstated. Therefore, your answer will be only an: .

apprommatron) R

87 A certain airplane has a top speed of 435 mﬂes T

per hour. The airplane is how many times as”
fast as an automobile which has a top speed of -

90 miles per hour? (Only an approximate answer
is required. ) '

88 If a man plants 105 of his 160 acres in corn, a'bout‘ '
what_ part of his farm does he plant in corn? |
(Only an approzimate answer is required.)

89 A dress in a store window has these two prices - *
marked on it: “Was $12.98 — Now $10.25.” The -
amount that the dress was reduced is what part
of the ougmal price? ‘(Only an approxzmate »
answer is required.)

9() John is waiting for a train that is scheduled to
arrive at 9:35 A.M. but has been marked 8 hours -
late. John looks at his watch and sees that it is
9:00 A.M. About how much longer must he wait
for the train? (Only an approzimate answer ig
required.) ' o

" (Go on to the next page.)
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92 In gomg from D to. A how many miles farther
lls it to go the all paved road than to go over.
. part that 1s gravel?

93 About what per: “cent of the most direct road
< from B to G is paved? (Only an approxzmate
, "answer is requlred )

94 If the cost of bulldmg a paved road is $55,000
‘ “per mile, what was the total cost of the road
SfromCtoD? "

... 98 If the cost of building a gravel road is only
“ - :$6,000 per mile, how many miles of gravel road
. can be built for the same amount of money

_ . that one mile of paved road costs ($55,000)?

" 96 On an auto trip, Mr. Brown goes from C to F
. by way of G. He returns by way of A. How
~ many miles did he drive on the trip?

-

‘}'; What is the approximate area in square miles of
" the region enclosed by the road from A to C to
D and then back to A by way of B?

his-is a section of a road map The numbers be- aE
veen points indicate the number of miles between‘

B ‘Eedzﬁi’aolil\'ri‘_ﬁ 8f
i e W 26
.-_.—~? o //a// Bath s

. > ."“,

- }mc',se}, 1 0/53;';,9 ‘
o Bea' /?oom- 3 1§
\ A 3 AR L % .
[ AAAAA ] . 1tV ;r VA . —f \r
2%t 6kt gft. 2% 94,
. ' ) -t = Doors

avas Windows.

This isa simpliﬁed floor plan of a house. (Y ou ma
consider the dimensions given as the inside dimen
sions of the room, and you need pay no attention't
the thickness of walls and partitions.) The shade
areas represent space used for closets. Problems 9
to 104 are based on this diagram. i

O8 What is the total area, of this floor plan?

Q9O The kitchen floor and cabinet top are to be cov

. ered with linoleum which comes only in 6-foc

. widths. How many feet of this G-foot widt
material should be purchased?

100 The floor carpeting for the living room of th

house costs $5.10 a square yard. What wi
be the cost of this carpeting?

101 About what fraction of the total area is used i
closets? (Only an approzimate answer required

102. The builder of this house thought that the est
mate on the cost of doors was too high. Tt
contractor pointed out that outside doors wei
$15 each, standard interior doors were $4.5
each, and closet doors were $3.00. "The est
mate for doors'was $70.00. How much too hig
was this estimate?

103 If the large living room and dining room wi1

... dows together cost $85.00 and the other wir

dows cost $25.00 per unit, what was the cost ¢
windows in this house?

104 The loan on this house is $5,000, on which th
~owner pays $30.00 per month. If the rate .c
interest is 5%, what is the approximate amoun
of the principal that is paid the first month
(Only an approximate answer is required.) .

(Turn your booklet over and wait until the papers are collecteti
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APPENDIX B

PROBLEM LISTS
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TEN PROBLEMS USED AT THE CENTRAL FAIRMOUNT SCHOOL

1. Terry runs a shoe shine stand. He gets {ifteen cents for a shine.
One afternoon he had 21 shines and received $l.45 in tips. How
much did he make in all?

2 Mr, Maxwell, the principal, believes that there should be no more
than 35 pupils in a room. How many classrooms would be needed to
take care of a school enrollment of 120 pupils?

3. Jack's father runs a gasoline
onened the station, the meter
the evening it read L3287, If he sold the gasoline at 26¢ per gallon,

how much did he receive from the sale of gasoline that day?

tation. In the morning when he
n his gasoline pump read 39065. In

e
S
(s}

h. A flagpole is thirty feet tall. How much rope would be needed to
make a loop that would reach to within four feet of the ground?

5. In one day 1345 children visited the animals at the city zoo. Each
child paid 15¢ to get in to the zoo. How much did they all pay?

6. The sixth grade was running the pop stand at the school cornival,
Mr, Thomas, the principal, seid that last year they had sold 75
cases of pop. If there are 2l bottles to a case, how many bottles
would they have sold?

7o Mr. Johnson wanted to build a fence around the back yard. The yard
is 90 feet by 5l feet. How many feet of fence will he need?

8. A basket of apples weighs sbout L8 pounds. A large truck has on it
a lozd of 15696 pounds of apples. How many baskets of apples would
that be?

9+ At six a.m, the thermometer read 7 degrees below zero. At noon it
read 29 degrees, How much warmer had it become?

10. Xroger's had a special sale on soap at 6 bars for Lj5¢., At that rate,
how much would 2 bars cost?
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TEN PROBLEMS USED AT THE WHITTIER SCHOOL

1. When Joe was ill the children in the room gave 15¢ each for flowerss
If there were 32 children in the room, how much did they give for
the flowers?

2. A basket of apples contains asbout 48 pounds. 4 large truck has on
it a load of 15,696 pounds of apples. How many baskets would that
be?

3¢ Hr. Maxwell, the principal, believes that there should be no more

than 35 pupils in a classroom. How many classrooms would be needed

to take care of L,20 pupils?

L. In one day 1345 children visited the zoo. They paid 15¢ each to get
in to see the animals, How much did they all pay?

5., A flagpole is 30 feet tell. How much rope would it take to make a
loop that would reach to within four feet of the ground?

6. At six a.m. the thermometer read 7 degrees below zero. 4t noon it
read 29 degrees. How much warmsr had it become?

7. Kroger's had a special sale on soap. They sold it at 6 bars for L5g.
At that rate, how much would 2 bars cost?

8., Tom's father drives a city bus. In the morning when he started on
his route, his speedometer read 28965, 4t the end of his first trip
it read 29011. If he makes eight trips per day, how many miles does
he have to drive each day?

9. A swimming pool is 75 feet long and 30 feet wide., How far would Eill
swim in swimming twice the length of the pool?

10. Hary's mother wants to put linoleum on her kitchen. If the floor is

15 feet long and 9 feet wide, how many square yards will she need?
(Linoleum is sold only by the square yard.) :
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IWELVE PROBLEMS TESTED IN THE GREENVILLE AND THE HAMILTON, OHIQ, SCHOOLS

1. When dJoe was i1l the children in the room gave 15¢ each for flowers.
If there were 32 children in the room, how much did they all give
for the flowers?

2. A basket of apples weighs about 48 pounds. A large truck has on it
3552 pounds of epples. How many baskets would that be?

3. Ir, Haxwell, the principal, believes that there should be only 35
pupils in & classroom., How many classrooms would be needed to take
care of 420 pupils?

4o In one day, 1345 children visited the zpp. They paid 15¢ each to get
in to see the animals. How much did they pay in all?

5. A flagpole is 30 feet tall. How much rope would it take to make a
loop that would reach to within four feet of the ground?

6., At six a.m. the thermometer read 7 degrees below zero. At noon it
read 29 degrees. How muchtvarmer had it become?

7« 4 grocery had a special sale on soap at six bars for L5¢. At thet
rate, how much would Jane pay for 2 bars?

8+ Tom's father drives a city bux. In the morning when he started on
his route the speedometer read 28965. When he returned it read 29011.
How meany miles had he driven in making one trip?

9. A swimming pool is 75 feet long and 30 feet wide. How far would Bill
swim in swimming twice the length of the pool?

10. lary's mother wishes to put linoleum on the kitchen flocr. If the
kitchen is 15 feet long and 9 feet wide, how many square yards will
she need? (Linoleum is sold only by the square yard.)

11. The sixth grade had a pop stand at the school fair., They sold 75
cases of pop. If there are 2L bottles of pop in acase, how many
bottles did they sell?

12, Jeen had $3.50 in her purse. She spent 35¢ for a movie and 20¢ for
a soda. How much money did she have left?
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APPEIDIX C

SELECTION TABLES
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© 205

SCORES MADE BY INDIVIDUAL PUPILS IN EACH OF THE SIX SCHOOLS IN THE POOR
_ PROBLEM SOLVER GROUP ON THE IOWA EVERY PUPIL TEST OF BASIC SKIILS, TES'.[‘

_—-————————.—_..——-‘——‘—-—“‘——-.-——‘-

WHO WERE SEIECTED ¥OR THE SAMPIE TO BE USED IN m INVESTIGATION

School -
no.
Score 1

School
N0

School

Schood
no. no,
3 4

School
no,

School

no’
6

0 George W.*
Joan P.*
RObert H'
Annette P,

1 H&rry c.
Zestina L
Lynne B,
Joyce H,
Leon B,*

Nathaniel T,

Iouise X,
Will&. K-
Mary T,
Earl B,
Lester B,
Florence B,

[AV]

Charles H,

Rosemary E.
Marguerite C,

Virginia Sn
JoAnn So

anem A
UL ie

Marie ca
Ralph To*
Carol Pc*
' Lau.ra Po
Freddie G,
Jeasie E,

3+ Vernon B,
Nedia B,
Richard G’o

Rolend H,*

JoAnn B.*
Rita L.*

Diana S.%* -

Simon C.*
Jerome W,
Patricia P.*

Barbara R.*

Ronald B.*

Peul D'*
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TABLE 21 ( CONTINUED )

SCORES MADE BY INDIVIDUAL PUPILS IN EACH OF THE SIX SCHOOLS IN THE POOR
PROBIEM SOLVER GROUP ON THE IOWA EVERY PUPIL TEST OF BASIC SKILLS, TEST
D; BASIC ARITHMETIC SKILIS, FORM O, PART 111, WITH JHE PUPILS INDICATED
WHO WERE TO BE SELECTED FOR THE SAMPLE USED IN THE INVESTIGATION

School School School . School School School
N0, N0, noe no,. NOa he o Y
Score 1l ' 2 3 4 5 6

-3 Thomas L.
Richard O,
Ry H,*
James Jo
John P,
Harold S,
Robert D.
Jomes Je
Elwood M.
Willie S,
Nancy Ilo
Ruthie D,
Connie D.*
Maude F.
Delores S,
Anna Mv
Ih Dp F.
Ma.xine J'

4 Catherine C, Gertie Py* - Patricia S.* Iouise P,* lois H.* Jim S,*
Rovert M. Berl R, Shirley C.*
Raymond S,
Robert F.*
Donald W,
Gowen H.
Josehpine H,
Virgil P.
George B.
Bernard G.
Doris T.
Ronald G,

" Barbara W,
Hadeliene G.
Carrie S,
Norme W,

Carolyn S-*

DQnald cn*
Betty I’.
Willie EH,
Ernie D,
Waldo H.
Lois Ka
Rose H,
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TABILE 21 ( CONTINUED )

. SOORES MADE BY INDIVIDUAL FUPILS OF EACH OF THE SIX SCHOOLS IN THE POOR

PROBIEM SOLVER GROUP ON THE IOWA EVERY PUPIL TEST OF BASIC SKILLS,

TEST -

rvlamasiiudviitsv- Rl el el oivirart byt |

WHO WERE SELECTED FOR THE SAMPLE TO BE USED IN TEE INVESTIRATION

School
no.
-~ Secore 1

. School:

0.
2

School
ROs

School
noe

School

Sehool
NiC e N0
5 8

5 Claire M.
Sandra Fo

James H.
Verrons W,

Charles B.® ..

Francis J.

Gwendolyn C.

Betty J.
William M.
Sylvia. No*
Erlens L.-
Marian Eo
Harold M.
Fred. Kc
Edith N,
William S,
Patty Oo -
Gloria A.

6 Patsy B.
Wilbom F.
Julia P, *
Ted D,
Ernest H,
Woodrow P.

Nathaniel W.

Ella co
Dorotha B.
Willie M»
Gerirude H.
Norma H.
Willie O,
Ronnie §,
Donald G,
Robert D,*

Alfie C.*
‘Helen K.

Arvinia Q. Thomas S.*
. Carl J.*

Bugene S.
Judy R,

Thomas M.*
Vicky K.

Herbert &%
Norman W.*
Archie G’.

. William G,

Robert W.
Iois Mn
Jane C*
Steve A.
Joe
Thﬂm&s Jo*

Robert B.*
Donald H.*

Larry R.*
Don&].d S.
Pot L.*

Charles A.

Parker S,

Joln W,
Daniel co’*

George G,*
Michael M.*
Glenda A.
Marlene R,*

John §,%

¥ indicates that the pupil was chosen for the dample used in the study,
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. SCORES MADE BY INDIVIDUAL GOOD FROBLEM SOLVERS ‘IN EACH OF THE SIX SCHOOLS
- ON THE IOWA EVERY PUPIL TEST OF BASIC SKILLS: TEST D, BASIC ARITHMETIC |

ot g o et e _ it atls st

TEE S.AMPLE 70 BE USED IN THE INVESTIGATION

School School School School ‘School
- no, « NOe © N0e ‘no0,. no,.
‘Score 2 3 4 5 6
24 Jack R.* Pegsy H.*
23 Richard C.*
22 Marilyn D.*
21 Ronnie G,*  Jim H, *
Robert F,
L Dick G,*
Devid L,
20 Phyllig L, June C,* “Nency S, #
: ' ' Phyllig Ge*
19 Ioig S, “John M,
Bruce 'R, George S,*
Mike B,*
James L.
Jimmy W,
18 Edwerd D.* Joseph B.* Ronald R;*  Irene K.* Donald 3,
Jerry Ls : GQ.YIQI P,
Jani R.* George B,
' James B,
Xen E,
Jo T, *
Kennetn K,
Bill J.
Mike I, *
17. Salena T,* DBonald S, Judith T, Carol D.* Walter R
James B. Gaxry S, * Nancy T.* Susan Y.*
Joln R, David W, Joyce Y, Devid C,
Helen L,*  Chorles T,* Roland B,
David S, Jokn B.*
Nedrs Rs =
Martha A.
Marjorie A,
William S,
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TABLE

22 ( CONTINUED )

SCORES MADE BY INDIVIDUAL GOOD PROBLEM SOLVERS IN EACH OF THE SIX SCHOOLS -
ON THE IOWA EVERY PUPLL TEST OF BASIC SKILIS; TEST Di BASIC ARITHMETIC
SKITTS, TORM O, PART I11I, W

WITH TEEPUPILS INDICATED WHO WERE SELECTED FOR
THE SAMPLE 70 BE USED IN THE INVESTIGATION

School School School School School School
no. NOe N0, N0« NOe N0
Score 1 2. 3 4 5 6
16 Melvin K.* Helen G,*  Jimmy S, Beatrice ¥, Vera C. Ronald P.
~ Jimmie E, Irene T,* Welly H.* Marjorie N. Nancy E.
Patricia X, David G,*  Jimmy T, Richard H,.
Carl K. ' - Ting H, .
Jasper P. Edwin Hs
Williem S,
Pau.l Nc*
Judy ¥,
Joan To‘
Judith X,
Virginia Ve
Ju.dy Ro
Betty Ha
Ann P,
Dale G-
Ronald XK.
15 Robert C,* Donald S. - Bonnie R,  Billy A.* Jacqueline B*Sharon M.
Jerry K. * Judy T, Baerbare H, - Bobby B. Laura H,
Vernon S, Helen E, Iois H,. Robert B, = Xenny H.
Nancy Du DaVid So Mike S'*
Leslie M.* Robert G.
Melvin Sa Nancy G,
Bobby A. Ton G,
Sara Je Thomas E.
Pattli M,
Patricia D.
Barbara Ze
Richard H,
14, Carl B.* Mary Ws Gaorence By, ZEmma G Billy 2. David H,
Joyce H. Da,le Do John Ga* Dia.ne Nu* Billy Bo*
Jimmy W, Poul Z. ' Kenny D. Judith B.
Melve E, Robert Pe. Pete M, Carol V,
Jerry H, Ellen H, Marcia D, Patti P,*
Jerry B, Hardld S, Julie S,
Bobby Z.* \ Dorothy W,
Jack G, - Janet N,
Wave Pe Barbara T,
Tom Ze

% indicates that the pupil was chosen for the sample used in the study,
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APPIIDIX D

TRAWSCRIPTIONS OF PROBLEM SOLUTIONS
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TRANSCRIBED TAPE RECORDINGS OF EDWARD D,, A GOOD PROBIEM SOLVER, OF HIS
SOLUTIONS OF THE EIGHT PROBIEMS

Problem 1,

RBdward: ( Roads ) A swimming pool is 75 feet long and 30 feet wide.

‘ How faor would Bill swim in swimming twice the length of the
pool ?
First I add two 75's = ~ - then two 30%8 = - then 2dd = =~
enswer is = = = = 210 = -

Inve How did you get it? ‘

Edwards Well - - if the swimming pool is 75 feet long = - vyou have %o
go up = - ( draws in the air with his finger ) = -~ and 30 feet
wide = = = you have to g0 wp ~ -~ then back = = 150 = = and then
you have to go over - - 210 feet .

Invs Wy did you work it that- way'?

Bdwards You have to go up - - ( Uses hands to show up and over ) - -
then go over - - then you have to go back - ~ over on one side
= = = = then back over on the other = - -

Inv: Is your answer reasonable ?

Bdwards Yes - -

Inv , Wy ?

Edwards Cause 75 and 30 is 105 - - and 75 and 30 is - - 210 - =

Inve . Is it right ?

Bdwards Yes - ~

Inv: Whir ?

Edwards Ceuse that!s the size a swimming pool will be = =

Problen 2, :

EBdwards { Reads) In one day 1345 children visited the zpo. They pald
15¢ each to get in to see the animsls, How much in 21l did
they pay 7

First I miltiplied - = - ( will not vocalize ) The answer is
201,75 ( two ~ o ~ one - seventy-five )

Invs How did you get it ?
Bdwards I mltiplied 15¢ by 1345 - -

Invg Why did you work it tha ¢t way ¥
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Edward:

Inve
Edward:

Inv:

Bdwards

.Inv:
" Bdwards
Inve

Edwards

Problen 3.
Edward:

Inv:
Edward:
_ Invs

Edward:

Inv;
Bdwards
Inve
Bdwards

Inv:

Cause = = if there's 1345 children = - went %o the 200 =~ =
and paid 15¢ = -~ - yould multiply 1345 times 15 - = Thatld
come out 201,75 =« ~ - ‘

Is it 'reasonable ?

Sounds gbout right = - ~

Wy ?

divide - - it'd come out about 154 = - - 15¢ is about 1/8 of 2
dollar - = It'd come out pretty close = - =

Is it right ?
Yessir - - v

Wy ?

Caﬁsé we have to pay about 15¢ -~ - end if you take that many
childrgn ~ = it costs about that much « = -~

( Reads ) A basket of apples weighs sbout 48 pounds, A large
truck has on it a load of 3552 pounds of spples, How many
baskets would that be ? .

First I'a divide 48 into 3552 - - ( no vocalization ) - -(gets
mixed up in his division)= - the answer is 74 - - remainder 32-

How did you work it ?

I divided 48 into 3552 - - -

Why ?

Cause therels 48 pounds in a basket =~ - = ~ 2 truck was carrying
3552 pounds of apples - = you'd divide 48 into that znd get - -
remainder 32 - - -

Is it reasonable ?

Yessir - -

Why ?

Cause 48 into 3552 would zo about 75 times = = =

Is it right ?
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- Bdward: . Yessir -ie -

Invy Wny ?

Edwards - ( loﬁg pause ) = - - Cause 48 goes into 355 - =~ 7 times - -
subtract « ~ that leaves 27 - - 48 times 5 is 240 - - that
: leaves 38 = -

~ Problenm 4, ‘ : .
Edwards ( Reads ) Tom's father drives a city bus. Before starting
on a route the speedometer read 28965. At the finish of the
trip it read 29011, How many miles did he drive on one trip ?
First I subtrect 29011 - - teke sway 28965 - - - 46 miles on
one trip - -  ( vocalizes his subtraction )
Invs How did you get it ¢

Edwerd; I subtracted 28965 from 29011 - - - and g0t 46 - -

Invy - Why ?

Baward: 'If the speedometer read 28965 when he star’c'ed. - « and when he
finished it reed 29011 -~ -~ you!d subiract to find how much = =

Inve Is it reasonable 7 .

Biwards Yessir - - |

Invy Wy ?

Edwards | 29011 is not much more than 28965 - - .

Inv: .Is it right 1

Eawards Yessir - - ~

Invg Why?

Bdwards Why - - cause I subtracted - - - ( vocalizes again ) - -

Problem 5,

Bavards ( Beeds ) A erocery had a special sale on soap at 6 bars for

45¢, At that rate now much will Jane pay for 2 bars ?
1'd take 2 into 45 = - the answer is 2234 - - - '
Inv; How did you get it ?

Edwards Divided 2 into 45 = - -
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. Iovs | TWay ?
‘Ed'.ward: Ceuse 6 bars are for 45¢ ~ - - divide 2 into 45¢ and get 22 -

Invs Is it reasonable ?

Bdverd:  Yessir - - -

_In"v: 2 hy ?
. Edward;.' ( vocslizes the process ) = = 2 into 4 goes 2 = - 2 into 5

is2andlover ~ -~ 22and 3 - =~ -

- Inve Is it right ¢

Bdwerds Yessir = - - -

Imré Why?

Bdwards Well - - if you'd multiply 2 times 22 ~ - 1t!d De about 44¢ =
¢ be sbout 465¢ - - -

Problem 6, 4
_Bdwerd: ( Reads ) Jean had $ 3.50 in her purse.. She paid 35¢ for o
‘ movie and 20¢ for a soda., How much money did she hawe left ?

Firgt - -~ I'd add 35¢ - - 20¢ = - then I'1ll subiract it from
five dollars - - = three-fifty = - - .you get $ 2.95 « = -

Invs How did you work it ?

Edwards First I added 35 end 20 - -~ got 554 - - then I subtracted the
55¢ from three-fifty and got two-ninety-five = ~ -

Inve oy ?

Edwards Well - - if you spend 35§ for a movée and = - 204 for a soda - -
you'ld add them together and then you'!d subtract from three - fifty
and yould get two-ninety=five = - - -

Inve Is it reasonable ¥

Edwards Yessir - - -

Invs Ty %

Edwards Cause if you added 554 and two-ninety-five - - - - ittd come

out three~fifty = - =

Inv: Is it right ?

'
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Edwerds Yessir = - -

Inv; Wy ?
Edwards Cause 20¢ and 35¢ are 55¢ = = = = well = = = fifty cents

would be just half of it - - - and you take away 50¢ from
3.50 and you'd get three dollars - = and another 5¢ is $ 2,95,

Problen 7,

" Bdwards - ( Reads ) At six a.m, the thermometer read 7 degrees below
zero., At noon it resd 39 degrees, How many degrees warmer
had it become ? ‘

I---add--=-29plus 7 - - - the answer is 36 degrees -

- Inve How did you get it ?

Edwards Well - - - I added 29 plus 7 = = =

Inv: Why 7

Edwards It was 7 degrees below zero - - - end 1t was 29 degrees at
noon - - - 7 degrees up to zero — - -~ and 29 would be 36

degreeg = = = -

Inv: Is it reasonable ?

Edwards Yessir -~ - -

Inv: oy ?

Bdward; Why = = 7 and 29 are 36 = - =~ =

Invs Is it right ?

Bdwards Yegsit = ~ = =

Invs Wy ?

Bdwords Moy = = 7 up t¢ zere = = plus 29 more ~ - - mekes 36 degrees,
Problem 8,

Edwards ( Reads ) Mary's mother wants to.put linoleum on the kitchen

floow, Iinoleum is sold by the square yard. If the floor is
15 feet long and 9 feet wide, how many square yards will she
need ?

3 into 15 goes 5 yard — - 3 into 9 goes 3 yard = - then you
add 5 and 3 yard = - - the answer is 8 yards = = 8 sq. yds
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Inv; How did you get it ¥

Biward:s  Pirst I divide 3 into 15 and get 5 yards — - 3 into 9 is & - -
I add 5 plus 3 -~ - gets 8 square yards = - =

Inv: Yhy ?

Eaward:. Cause the floor is 15 feet long - - I divided 15 by thi'ee and
g0t 5 ~ - = then 9 by three and got 3 - then I added - - - -

Inv: Is it reasonable 1 |

Edwards Yessir - -

Invy | Yhy ¢

Biward; Thy - - 8 square yards - ~ ~ you added 4 times 8 would be 36 =
yards - - -

Invs Is it right ?

Biward; Yossir « = =

Invs Why ?

ﬁdward.:' If you took 3 into 15 goes § = - - 3 into 3 goes 9 = = =
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Sample: The sixth grad? was rumning the pop stand at the
| school fair. They sold 75 cases of pop, If there
s arilgh bottles in a case, hew many bottles did they
‘ sell? ?

1. A4 swimming pool is 75 feet long and 30 feei wide, How
far does Bill swim in swimming twice the length of the pool?

75
75
30

f
1
i
)
[
i
i

My%hs childreh visited the zoos They paid '

15¢ each to get in to sec the animals. How much in ‘,
all did they pay? ]

)
&J'\(

) 47

15 ¢

/——// 1
(722

) 3

N
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; Ry
3
3e A basket of apples contaiuf about 48 poundse A large 't;1r'ucllé

has on it a load of 3552 Hounds of apples, How many b
would that be? PP y baskets

$ 48/ 3552 :
272
24 0
22

i
i
H

Lo Tom's father drives a city bls, Before sta?t}ng on a
route the speedometer read 28965. At the finish c_>f :
the trip it read 29011, How many miles did he drive ;

on one trip?

2901

4
s

00 %

T ! : '
;%fo/rzﬂ" » «v‘f{%
Se A grocery had a special sale on s¢ép at 6 bars for L5¢,

At that rate, how much will Jane pay for 2 bars?

2%
2 Jus¢
ﬁy

-

%

-
I
7
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U et e,

6s Jean had $ 3450 in her purses, She paid 354 for a movie
and 20¢ for a soda, How much money did she have left?

;
|
i

N D

5 J 7o~ .
7 3570 |
7.5 '

A v /%/ /s ‘
At six a,m. the thernomgiter read 7 degrees below zeroe

At noon it read 29 degrees. How many degrees warmer had
it become?

!
!
I
I
I
|
!

—

9
7y
20

Mary's mother wants to put {inoleum on her kitchen i.‘loor.
Linoleum is sold by the square yard. If the flocr is
15 feet long and 9 feet wide, how many square yards will

she need? 3
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TRANSCRIBED TAPE RECORDINGS OF AIFIE C., A POOR PROBLEM SOLVER, OF THE
~ SOLUTIONS OF THE EIGHT PROBLEMS

‘Problem 1. . -

Alfies ( Reads) A swimming pool is 75 feet long and 30 feet wide,

" - How far does Bill swim in swimming twice the length of the
pool ?
miltiply - - - - ( no abtempt to vocalize ) 2250 feet = -

Inv: How did you get it ?

Alfies Well - - - I multiplied - - -

Inve Yhy ?

Alfies Bause they wanted to find how much if they swam it ¥wice - -

Inve Is it reasonable ?

Alfies I dontt know -~ - -

Inv{ ' Is it right ?

Alfies I think 80 = = = =

Inv: ' Why 17

Alfies - The pool is 75 feet long = - and 30 feet wide - - -

Problem 2,

Alfie; ( Beads ) 1In one day 1345 children visited the zoo, They paid
154 each to get in to see the animals, How much in 21l did
they pay ?

You multiply 15 x 1345 = - ( vocalizes ) two - - thousand - =
one hundred - - - seventy-five - - ~ ( 20,175 )

Iavs How did you get it ?

Alfies Multiply ~ -

Inve Why 1

Alfies Cause I want to find out how much they had to pay = = = =

Invs Is 1t reasonable ?

Alfies Yessiy - - -
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- Invg -.Why?

Alfie; Cause if so many ch:.ldren paid 'bhet much = - that!s what they
: : had to pay - - ~ '

I Is it rieht ?
Alfies Yossir = = - -
Inv; Wy 7
| Alfier Cause fhey‘cl pay sbout that much - - -
‘P:"'obl‘em 3. : \ _
Alfies { Rezds ) A basket of apples weighs about 48 pounds. A

large truck has on it a load of 3552 pounds of apples. How
many baskets would that be 7

Subtract = = - I think I'd - - - multiply ( vocalizes her
‘multiplication ) = - « 17 thousand = = 4 hundred - - 96 ~

(170496 )

Invy _ How did you gét it ¢

Alfie: Multiplied = - -

Inv: Voy ? - _

Alfies They wanted to find out h&w ma.ny baskets there was = - - -

Igv: | Is it reasonable ,?

Alfies " Yes - ~ S

Invs Why ?

Alfies 3552 pounds of apples - - there's 48 pounds in one basket = -~
and - - = 48 x 3552 - ~ - gives 17 thousend = - 4 hundred 96 -

Inve Is 1t right ?

Alfies Yes -~ -

Inv; hy 7

Alfie; ( N, answer )

Probvlem 4, :

Alfies ( Reads ) Tom's father drives a city bus, Before starting on a

trip the speedometer resd 28965, At the finish of the $rip it
read 29011, How many miled did he drive on one trip ?
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Alfie:' ( Read numbers incorrectly - -~ 28 and 9 hundred - 65 .
29 and 11 - - ) Add - - ( vocalizes ) answer - - 57 hundred
and 9 hundred 76 ~ -

Invg  How did you get it ? -
Mfies  Md-- |
Invi oy 1
. | Alfie 3 He wénted_ tc find out ho'w many miies hé drove that dsy - -
Invs - Is it reasonable ’?‘ | |
- Alfie; Yess‘.’.n.r -
.. -Inve Why ?
Alfies Why--88andnine-six-ﬁive--and.29ande1even----
( long peuse - - - )
Inv: - Is 1t right ?
Alfies Yegsir - = |
Inv: - Wy

Alfie s . Way - = on & $rip - — they took that many miles = — -

Problem 5,

Alfie; ( Reads ) A grocery had a specisl sale on soap, at 6 bars for
: 454, At that rate, how much will Jane pay for 2 bars ?

Subtract 2 from 45 = = - ( vocalizes ) = = 43 = — - |

Inv: How did you work it ?

Alfie; Yegsir « = I subtracfe_d - -

Invy Thy ?

Alfies Youlre going to find out how much 2 bars cost - - at 6 for 45 - =

Invg Is it reasonable t

Alfie; Yegsir!

Invg Why ?

Alfies Six bars for 45 - -~ - that leaves 2 bars for 43 =~ - -
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Inv;
Alfies
Inv:

Alfieg

Problem 6.
Alfies '

Invy

Alfie:

Inv;

Alfies

Inv;

Alfies

Invg
Alfies

Invy

Inve
Al¥ies
Inve

Alfies

-Is;'fj.t right ?
Yessir w» ~ ‘
oy 1

( Iong pause - - = ~ nO answer - - )

Jean had § 3.50 in her purse. She paid 35¢ for the movies
and 20¢ for a soda, How much money did she have left ?

Bring down your 5 - ~ 2 from 3 181 m = = bring down three-fi‘ftyA
and subtract your 15 - -~ - that leaves two- thirty-five - - leftw

How did you get it ?.

I added 35 and 20 = = = and first - ~ - and got - = oh =~ = I got
that wrong - - add 35 and 20 - - i8 55 = = subtract from thres -
fifty i = = = = = 5 = ~ mark that out is 14 - - 1t'd be 2,95

( two ninety~-five ). :

" How did you get it ?

I added 35 and 20 end got 55 = - I subtrected 55 from three-fif ty
and got two ninety-five - - :

Why 1

vShe. wanted to know how much she spent = - so I added - - Then I

subtracted to £ind out how much she had left - -

Is 1t reasonable ?

Yessird

Wy ?

Ceuge she wanted to £ind out how much she hed left after she
spent that much - -

Is it right ?

Yessir |

Ty ?

Caume three-fifty take away 55 is two-ninety-five - ---
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Provlem 7,
Alfies

Inve
Alfier
Inve
Alfies

Problem 8.
Alfies

Inv:
Alfies
Invg

Alfies

( Reads ) At six a.m. the thermometer read 7 degreecs below
zéro. At noon it read 29 degrees, How many degpees waxmer
had it become ?

Add 7 ddgrees snd 29 degrees = - - ( vocalizes ) 36 fegrees -
How did you get 1t ?

I add.ed - - -

Why ?

To find out how much warmer it bad become - -

Is it reasonable ? | |

Yesgir = - ~

Why t

It was 7 degrees below at 6 a.me ~ - = and it raised 29 degrees ~
I would add - ~ 29 end 7 - - - D0 = - yould subtract - - no -~ -
yould add ~ - ~ it was 7 below at - - = ab noon it was 29 - - ,
I added to find out how many degrees warmer - - - it had become ~

Is it right ?

Yessir = -

Why ?
If you 2dd 29 and 7 you get 36 = = = =

( Reade ) Masry's mother wants to put linoleum on the kitchen

floow. Linoleum is sold only by the square yard. If the floor
is 15 feet long and 9 feet wide, how many squere yards will she

need 7

15 plﬁs pine ig = - and 1t comes out = - 15 and 9 are 24 sq. ft.

How did you get it ?
I a.dded - -
Ty ?

It wanted to know - - how many square yards she would need - - -
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Iﬁv: - Is it reasonable ?

Alfie: Yessir -— -
Inv: Wy ? |
Alfies VI hér floor is 15 feet long end 9 feet wide - ~ she!d need .
24 8q. yds. - - - - ‘
Invs Is it right ¥
, Aifie: - Yes - -"-
-Inv: . Why [ 4
Alfie: © 15 feet and 9 feet are 24 sq. yds.
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Sauples Tﬁe sixth grade was running the pop stand at the
school fair, They sold 75 cases of pope If there
are 2L bottles in a case, how many bottles did they

sell?

i
i
i
!
J
f
}
H
:
i

le A swimmin pool is 75 feet long and 30 feet widee How
far does Bill swim in swimming twice the length of the pool?

2. In one d'xy ]..3)45‘ children visited the zoo. M’li‘heywpyaid
- 15¢ each to get in to sec the wnlmals. How much in
j./ all did they pay?

3 ¢S
_//,737’
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. 3¢ A(basket of apples contwins about 48 poundse A large t
has on it a load of 3552 pounds of apples. How many baskebe
would that be?

|
!
!
i

4 Tom‘s father drives a city bus. Before starting on a
route the speedfmeter read 28965. At the finish of
the trip it read 29011, How many miles did he drive

on one trip?

/
2594

57976 -

"t L& 4’

i ﬁcery had A specicl s2le on soap at 6 bars for- L5¢e
At that rate, how much will Jane pay for 2 bars?:
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w Cocecd

Jean had §§ 3.50 in her purse. She paid 35¢ for a movie
and 20¢ for a scda. How much money did she have left?

nt noon it read 29 degrees. How many degrees warmer had
it becone?

\a

CQ{" L \’vL g ///{ ’/

8. i y’: nother wants to put linoleum on her kitchen floor.
Linoleum is sold by the square yard. If the floor is l
15 feet long and 9 feet wide, how many square yards will :
she need?
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