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PREFACE

The problem of how children learn to éolve verbal problems in
arithmetic has been a subject of research by the Institute and the author
for the past several years. fAll the research on problem solﬁiné at the
Institute to date has‘been conducted in tﬁe-coﬁtext of compuber-assisted

instruction (CAI). This report discusses problem solving using tradi-

tional paper—and—pencil methods, which was part of the author's doctoral

dissertation, and includes further.regression analysis of the same data
base using varisbles from prévious studies in which students at teletype
terminals served as subjecté.. bne purbose fér further énalysis was to
determihe if the variables previously found to account fo¥ a large

proportion of the variance in a CAT setting would also account for a

- large proportien of the variance in the traditional paper-and-pencil

problem-solving setting.

The first fcui'chaptersrcontain the major sectioﬁs of my
dissertation;_ Chapter-V presents a review of the variables used in-
previoué studies of probiem solving With'studéﬁﬁs at'teletjpe terminals.
Chapter VI presents the results ofranalysis on verbal problems selected |
‘from the dissertation study, using the regression techniqués developed
in earlier work. A comparison of the goodness of fit of the model is then
made for each method..

I would like to acknowledge the lnterest and assistance of Dr. E. G.
Begle for his.direction and guidance and for making computer time available
through the School of Mathematics Study Group to analyze the daﬁa,reported

in Chapters I-IV. Mr Ray Rees of SMSG gave much of his time processing the
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data, whiie indispensable friends, namely, Mrs. Arlene‘Dyre,-Mrs. Velma
Hoffer, and Mrs. Gr;ce Kgnz aided in administefing the various treatments
and tests used in this study. |

T am also grateful to Professor Patrick Suppes of IMSSS for providing
needed facilitiés, including the Institute’s PDP-10 compuber services,
materials and for partially supporting this study with funds from Natiénal'
Science Foundation Research Grants NSFG-18709 and NSFGJ-433X. The data
for Chapﬁers V-VI were processed by the author. |

Finally, Ilappreciate the assistance, patience, and encouragement of

my committee and especially my wife; Roberta.
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CHAPTER 1

INTRODUCTION

N

One of the most important goals of mathematics instruction is to
develop in students the ability to solve verbal problems (Kramer, 1966,
p. 349). TFor the early grades, textbook writers and mathematicians

recommend that primary emphasis be placed on understanding the problem

‘and that secondary_émphaéis‘be placed on computing the answer (Goals,

1963, p. 36). For the later grades, they recommend that emphasis be

placed on establishing a set of basic rules such as those that follow,'

for use in problem solving (Duncan, Capps, Dolcioni, Quest, 1967, p. 54):

1. Identifying the sets involved;

2. Determining whether the sets are to be joined, separated, or
compared; | |

3.. Writing an equation that qorrespOndSIto the éeﬁ opération;

4. ' Solving the equation;

5. Interpreting the solution in terms'of the sets involved.

The hope is that by applying the techniques embodied in such rules

the students will be able to transfer fhe problem-solving skills learned

in the classroom to real-life situations in later life. 1In most cases,

however, the set of rules, together with the problem set to which they

. are applied, follqws chapters on specific topics in the textbooks.

Rather than creating a true problem-solving situation, the exercises
often represent little more than a verbal application of the computa-

tional skills introduced in a preceding chapter.



Traditionally, instruction in problem solving either centers around
teaching students to follow some set of rules, steps, or heuristics, or
simply eliminating all rules: 'The best way to teach children how to
‘solve problems is to give them lots of problems to solve (Van Engen,
21959, p. 74)." One popular text instructs its seveqthfgrade‘readers to
solve problems.as follows (Eicholz, 0'Daffer, Brumfield, Shanks, Fleenor,
1967, p. 131):

In working story problems, it is helpful to be

able to compute rapidly and accurately. It is even

more important to be able to decide what to do with

the numbers given in the problem. It is impossible

to memorize rules that will tell you how to work

every problem you may need to solve. You simply must

. think carefully about the information given and then

decide what operations to perform upon the numbers.

The text continues with several sample solutions to”problems with
the words "The following examples show how you might reason in order to
splve difficult probléms."

Two new approaches to teaching problem solving have bheen Advaqced

in recent years. .One was a modification of the traditional "wanted-

given" approach (Wilson, 1964). The other emphasiéed problem solving at

-~ a general level, that is, it was not oriented to¢ any particular acadewic

discipline (Covington,.CrutChfield, aﬁd Davieé, 1966). Reéults from
éach of the programs indicated thaf students who complétea tHe feépec—
“tive bfogréms made.significantly greater gainé on posftgsérmeasufeé of
creative thinking or ﬁ?oblem selving than did.éheir.réspéctive control
.groups. |

The question examined in this study was whether students who had

received'training in general problem-solving skills by using Thé Préaucﬂ

_tive Thinking Program Series QOne: General Problem Solving'(Covington,
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3
Crutchfield, and Davies, 1966} would achiéve significantly higher scores
on posttest measures of problem solving in mathematics than would stu~.
dents ﬁho had received specific training in problem solving_ip ma thema -

tics using a Modified Wanted-Given Program approach.
THE PROBLEM

The purpose of this study was to investigate the differential
effects of two instructional programs on performance of verbal mathema-

tical problems by students at the‘fifth—gfade level. 1In previous studies

using one of the programs, The Productive Thinking Prégrém, student per;
formance consistently impfoved on tests of creatiﬁe thinking and general
problem solving. 1In the other program a modification of a program de-
veloped by Wilson (1964), students were instructed to solve probléﬁs in
mathématics using a Modified Wanted-fiven apprbaéh. The central question

was whether a géneral approach to problém solving, such as The Productive

Thinking Program, would produce higher performance on criterion tasks,

primarily méthematical problem—solving.tasks, than_would a progfam_which.'
used a mathematical context to teach problém sélving in mathematics.

For some students, all problems are not really problems'and'callingj
a set of sentences a probleﬁ.is somewhat arbitraiy. As Cronbach (1948)
pointed out "a situation presents a problem.only when one must'give_a.
fesponse (that is, when he seeks satisfaction) and has no habitual re-
sponée which wili give satisfaction. [p. 32]n ‘Thé §ggﬁ;Hp;g§Lém" as used
in this study refers to .a statement in written form that réquires a

written response. This definition is in agreement with that given by a

standard reference in the field, the Mathematics Bictionary (James and

James, 1968), "a question proposed for solution; a matter for examina-



tion; a proposition requiring an operation to be performed or a construc-
tion to be made, as to bisect an angle or find an eighth root of 2.
{p. 286)" ‘The distinction between an exercise and a problem noted by
Henderson and Pingry (1953) was observed in the course of the study.
Their definition is as follows:
With the exceétion of the syntactical form, the

chief difference between exerciseés and verbal 'problems'

lies in their intended use. Exercises, such as those

dealing with the fundamental operations, exponents,

radicals, the binomial theorem, and derivatives, are

for the purpose of teaching certain mathematlcal concepts

and generalizations. Verbal problems are for the purpose -

of teaching the generalizations relative to the process

or method of problem solving. These have no necessary

relation to a particular kind of mathematics problem; the

problem-solving process is essentially the same for all

problems [p. 235].

Throughout the study the emphasis in the prqblem~splving programs

was on the process rather than the teaching of certain specific mathema-

tical concepts. The terms "word problem," "stated problem;" "story pro-

blem," or simply "problew" were all used synonymouély._
REVIEW OF RESEARCH ON PROBLEM SOLVING

Research on problem solving in elementary—échool_matheméti?s has
not bean systematic and results often conflict. This_brief_review §f
previous studies includes only the major afeas in which studies have
been conducted to givé the reader a feeling for_thé.diversify of studies
~ in problem solving in mathematics and to show ho%fthis study is related
to_past work in the field of problem solving in ﬁathematicé; Initialiy
the review includes studies that used-sﬁbjects-at different agé levels.
Later, the review focuses on students in the upper éleméntary grades,
:g.g., grades 4, 5, and 6. The studies are categori;ed, generally, ac-

cording to the classification developed by Kilpatrick (1969).

i,
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Problem-solving Ability

Individual differences. Dodson (1970, p. 104) prepared a composite
list of the strongest characteristics of 2 goocd problem solvé? in mathe-
matics. Basing his evaluation on data involving approximately 1,500
tenth- through twelfth-grade students from the Nationai LOngiﬁudinal
Study of Mathematicai Abilities he concluded that a good problém solver:

1. performs higher on all of the matﬁeﬁatics achieve- |

ment tests than the poorer problem sqlvers.

2. performs high in solving mathematics problems

that require a great deal of synthesis;

3. _.solves algebraiC'equations proficiently.

4, pérforms well on more advanced_mathematics

achievement tests administered a yeér after 
-the'criteriqn test.

5. scores high on verbal and general reasoning testé.

6. determines spatial relationships Succeésfullyg

7. reéists:distiaction,'identifies critical eiements,r

and remains independent of irrelevant elements.

8. | is a divergent thinker.

9. has low debilitating tast anxiety while his

facilitating test ankiety remains high.

10. has a positive attitudg toward mathematics.

11. sees himself as a good mathematics student

and does not Wishfté be a_bettef matheﬁatics
student.
- 12, has teachers who had the most grediﬁs beyond

' the bachelor's degree.



13. has teachers who had the highest degrees.

14. comes frém a family with a relativelyfhigh.income;_11

15. = comes from a community in which the starting

teacher's salary.is higher than the starting salary
of the teachers of his poﬁrer problem-solving peers.

16. lives in a community that has had a recént‘change '

in the size of the popﬁlation.

17. has a socioeconomic index that was about the same

as that of a poorer problem solver.

Tate and Stanier (1964) found . junior high schqol students differed
in their ability to judge whén they had enough facts to solve a problem.
Poor problem solvers tended to select answers that had a high affective.
component on the practical judgment teét.

Sex differences in the problem-solving ability éf ninth-grade stu-
dents were-stuaied by Sheeﬁan (1968). After five weeks of special

treatment, small-step, linearly programmed materials and problem units

accompanied by reference texts, significant differences in the adjusted

'scores on a problem-solving'task in algebra favored.the boys. Sheehan
‘concluded that sex did make a difference in learning to solve problems
in algebra and other school learning as well.

Few definitive studies on individual differences iﬁ:problem—solving
ébility df_students in grades 4, 5, and 6 have been.ﬁaae.

Related skills and abilities. In a study using 1,400 sixth graders,

“Balow (1964) established that both reading ability and computation

ability correlated with problem-solving ability as measured by the arith-

metic reasoning scale of the Stanford Achievement Test. He found no in-

“teraction between computational and reading ability when I.Q. was con-
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trolled. Comparing the F-ratios Balow concluded that computation is a

‘much more important factor in problem solving than reading ability. A

year earlier, however, Martin (19633 noted that the partial‘COrreiation
between reading and.préblem solving with computation held constant was
higher at both féurth— and eighth-grade levels than the partial correla-
tioﬁ between computation and problem solving with reading held cénstant.

Wederlin (1966) rotated tweo factorial studies teo a common structure

_.and identified five factors common to both studies on which the loadings

were almost identical. He concluded that problem solving in mathematics

~ depends primarily on a general reasoning factor. The deductive reason-

ing and numerical factors were held to be of somewhat lessér importance..
Wéderlin determined that little is known COncerning.;he nature of deduc-~
tive reasoning and.numerical_factors; The majority of thé 371 subjects

in both of Werdelin's studies were 13, 14, and 15 years old. Very (1967)
found four reasoning factors, arithmetic, deductive, iﬁdudtivé,.and gen~

eral for males in his study involving 355 college students. By perform-

_'ing separate factor analyses by sex, he affirmed that males, in general,

tended to'havé a greater number of-mathematical abilities.than di& the"
females. Furthef,'the abilities of the males_were_more specific and more
easily identified. A later study {Dye and Very, 1968) revealed ninth-
grade females were geﬁerally superior tb‘males in tests of numerical
£acility and perceptual speed. At the eleventh-grade level the differ-
ence in favor of females.was somewhat less. At the.college_level méleé
were superior in every test of arithmetic reasoning and mathematics ap-
titude while females retained superiority inm perceptual speed ﬁnd fra-

quently demonstrated superiority in verbal skills.



Affective variables. A study involving 358 sixth graders by
Jonsson (1965) reported some interaction between test aqxiétjrandztest
difficulty, expecially.for giris. Other results of the study-suggésted
that anxiety may act to distort the finding§ inhs£udies of préblem sﬁiv—
ing, patticularly for difficult and complex problems. Difficult tests
ﬁay have a detrimental effect on the performance of highly anxious stu-
dents, |
In a study conducted by Gangler (1967), college students who were
told their work on a problem-solving task in logic would count toward
their grade in mathematics achieved lower_$cores éﬁ_the task_thaﬁ.those
who were not told. The negative effect was greate#t for high 1.Q. stu-
dents. QOne of the most important concluéiohs of this study waé-that
qvert participatioh in the learning situatiom appérently made the stu-
- dents more flexibie in problem solﬁing and resulted in fewer errors. - It
 was also summarized that the type of participation, oveft or covert, as

well as motivation were imﬁortant in problem solving and varied accoxd-
| ing with the stgdénts.

Low-ability students in two English schools were less frustrated in
‘a low-competitive school environment and were also less rigid in their
.abproach.to‘501ving problems than comparable children in a traditiomal

school (Kellmer, Pringle, and McKenzie, 1965).

—,Problem-solving Tasks

There is such variety in the types of problems used in various stud-

.des that generalizations of the findings of any one study seems unwar-

ranted (Kilpatrick, 1969). Ray (1955) proposed a set of 29 problems with

dimensionable independent variables that he hoped'would béqome a standard

set of materials to use in studies of human problem solving. - Eleven

————
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years later, Davis (1966) summa:i;gd the status of researchland theory
in human problem solving by considering one category of:tasks as those
that required covert trial-and-error behavior and the other category as
those that approach overt trial-and-error. To date, standardized sets
of prob1ems have not had any wide-scale use. The folloﬁing cétegpries
include most of the types employed by ;ontemporary studies.

-Problem content. Studies of problem structure have examined varia-

- tion-in- the language used in stating a word problem such as the presence

or absence of an existential quantifier, the amount of redundancy, se-

lectivity, and contiguity in problem statements (West and Loree, 1968),

and placement of the question in the problem statement (Williams and

McCreight, 1965). The results indicated that curriculum developers

should insure g variety of problem statements in which they use differ-

ent words to deseribe situations. Generally, problems with a high de-

gree of selectivity (little irrelevant data) and redundancy (repeating

the data) are easier for both se#enth— and ninth-grade students. De-

c:easing'the'contiguity (increasing the distance between data) makes

' problems more difficult for seventh graders, but not' for ninth graders.

Asking the question first in a word-problem statement-méy be more help-
ful for some fifth- and sixth-grade students, even though the differ-
ences may not be significant in terms of improved performance. Problems

are apparently easier for fifth-grade students to solve when the numeri-

‘cal data are,pfesented in order of use (Burns and Yonally, 1964) rather

" than in mixed order. ' Students with low arithmetic reasoning ability

find problems in mixed order more difficult. Tt was suggested that stu-
dents be given problems with'proper order in the initial stages of in-

struction. The results of a study by Stull (1964) to datermine the ef-
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fect of-auditory reading assistance suggested that probiem difficulty is

more a function of reasoning ability than reading skill for groups of

fourth-, fifth-, and sixth-grade students. The:reédability'of problems '

was found to interact significantly with mental ability in a study by
Thompson (1967). The data suggested that.mental ability and readability
are each significant in their effect on problem sqlviﬁg. The effect of

reédability was greatest for those of low mental ability.

Problem-solving Processes

Developmental changes. The work of Piaget ha$ generated many stud-

ies-in recent years. Several of the studies demonstrated that young

children can learn and transfer quite complicated problem-solving stra-

- tegles (Stern, 1967; Stern and Keislar, 1967; Wittrock, 1967).

‘Studies using problems in elementary sentential.logic with first,
second, and third graders (0'Brien and Shapiro, 1968; Hill, 1960) have

demonstrated that there are differences in the ability of young éhildren

to recognize logically necessary conclusions and their ability to test - -

the logically necessary conclusion. While no evidence of growth in

.ability to test logical necessity was apparent; there was evidence of

corresponding growth in ability to recognize logical necessity.

Strategies of inquiry. To déte,_nearly all studies in this area

have been. concerned with concept attainment and have used non-mathema-

‘tical tasks. Neimark and Lewis (1967) suggested that the acquisition

“of information-gathering strategies is essentially all-or-none for each

. +individual. The evidence which indicates an increase in the use of in-

formation gathering by older students may be interpreted as simply

.meaning that more individuals-atqgire-strategies_with age.
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Heuristic methods. Polya (1957) generated a great interest in

‘heuristic methods with his set of rules for solving problems. Several

studies on problem solving have attempted either to te#ch hegristicr
methods or to analyze problém—solving protocols using a sys;em_based
on Polya's system or various other techniques. Wilson (1967) stated,
in a study involving instruction of algebraic'éoncepts to high échool
students, that instruction should begin with_preséntétio# of the-con-_

tent,-bexfollowed by task-specific heuristics and then be concluded

' with general pr&blem-soiving heuristies. Kilpatrick (1969) noted that
. in many cases the important factor is how the problem is seen by the
- student. He observed that the important question of how a student

"adapts various heuristics to different kinds of problems is yet to be

studied in any depth. Zﬁeng (1568, p. 253) went a steb'further when -

- she said "We need to know more about how children do, in fact ’'see’

‘the physical world."

Creative Thinking

Creativity and-prob}em solVing have been thé subjects of‘é number-
qustudies, but'few.have;dealt diréctly with problém'solving in mathe-
matics. Tests developed to measure creativity or to identify creative
students sometimes proved disappointing (Prouse. 1967), while others
looked proﬁising-(Evans, 1965j, aven though more data on.their validity
and reliability are needed before they can be used.on a broad écale.

The resultsiofia'study by Klein and Kellner (1967) invoiving 130
male, undergraduate students on a two-choice probability~-learning task

seemed to indicate that highly creative students demonstrate a greater

tendency to form hypotheses about patterns of reinforcements than stu-
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‘dents who are not as creative. Though not working with mathematical
tasks, Eisenstadt (1966) found creafive college students faster at
.solving puzzle probleﬁs) The approach used by creative students was’
aﬁparently‘different from the approach used by noncreative students,.
Earlier, Mendelsohn and Griswold (1964) reported a positive yelationship
between creativity and the use of incidental cues in sol§ing anagram
problems.
‘A natural question to ask at this point is whether it is possible
to train people to think creatively and to transfer the skills learnedr

to solve problems in mathematics.

Summary

The diverse nature of the majofity of studies in probiem solﬁing
-in mathematics is evident in the partial list of categories reviewé&
above. The squects who participated in these studies varied in ager.
" from 5 years to college age. Taken as é whole, these'studies.offer
only general recommendations of how to approaqh the probiem of ;eaching
fifth-grade'sﬁudents to éolve problems in mathematics. A summary of
‘some 5pecific.recomméndations is given in a later séction.

The work by Covington, Crutchfield and Davies (1966), to be des-
_éribed in the following section, represents cone new approach that is
~worthy of investigation. Their program has apparently produced signi-
ficant gains on tests of creative thinking and pwroblem solving in some
cases, but not in others. Should -their program prove to make a signi-
ficant contribution to the problem-solving ability of fifth-grade stu-~
" dents in ﬁathematics, considerable support could be ﬁusteréd for their

approach, the:theory_and assumptions behind it, and perhaps a new ap-.
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éroach to the improvement of instruction in problem solving in the
upper elementary séhoql could be designed.

A second approach tO'teaching problem solving.in mathematiés at
the fifthfgrade level is one which employs a modified wantedfgiven ap-
proach based on the work of Wilsqnl(l964) and others. This approach .
provides iﬁstrﬁétion in problem solving in a.méthematical context
rather than the more general approach used by tﬁe‘prﬁgrém developed by
Covingtoh and others. Each of these progfams is described in detail in
the following sections.

The Productive Thinking Program: Assumptions. The program was de-

signed to strengthen the elementafy—school student’s ability to think
and it is an outgrowth of research on productive thinking conducted by
Professors Richard é; Crutchfield and Martiﬁ V. Covington aﬁd'éolleagues
in the Department of Psychology and the institute ﬁf Personality Assess--
ment and Research at the University of Galifﬁfnia, Berkeley.

Crutghfield (1966) stated some‘causes_and conditions that.seém to comn-

tribute to poor problem-solving behavior by most elementary-school stu-

dents.

In short, the child in the all-too-typical school situa-
tion is being expected to develop efficient cognitive skills,
such as those in problem-solving, under conditions where he
is offered few opportunities for actual practice of the skill,
where the practice he does get is likely to comsist of tasks
that are too easy, too repetitive, and seem meaningles and

- trivial to him, where he is often rewarded for low-level per-
formance on these tasks, where he can often just passively
listen instead of actively trying out the skill, where he
‘gets incomplete and delayed evaluative information about how
well or poorly he is doing and little specific indication of
just what he is doing right and what wrong. It is clear that
no respectable athletic skill could be developed under such
bizarre handicaps (nor would any coach countenance them), and
it is doubtful that any complex cognitive skill could bs so
developed [p. 65]. :
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To overcome the current inadequaciesz in teaching cognitive skills,
Crutchfield recommended five instructional steps to remedy the situa-
‘tion (Crutchfiela,'1966, pp. 65-66). They.are:' |

1.. 1In the sweeping reconstruction of curriculum ma-
terials currently in progress, a good deal of emphasis
should be put on designing the materials deliberately in
such a way as to demand the exercise of complex cognitive
skills of problem-solving and cognitive thinking to a de-

"gree compatible with other curricular'aims. .« e . '

2. Once such currlculum materials are available,
‘they should be studied as they are tried out in the schools
with particular emphasis on a detailed observational analy-'
sis and evaluation of children's performances in the vati -
ous skills. . . .

3.  Better teaching techniques for the fostering of"
cognitive skills must be developed. 1In particular, the
child should be helped to identify, discriminate, and un-
derstand the nature and function of the skllls 1nv01ved in
various kinds of cogpitive tasks. . . .’ :

. 4. In curriculum materials and instructional efforts
great stress should be placed on the transfer of cognitive
skilla, The child should be brought to understand the wide
applicability of these complex skills to other subject-
matter problems and to other fields. . . .

5. Finally, attention must be given to the develop-
ment and refinement in the child of an indispensable, over- .
‘mastering cognitive skill--the skill of organizing and manag-
ing the many specific cognitive skills and resources one pos-
sesses for effectively attacking a problem, It is in part
the possession of such a master skill that distinguishes the
truly productive thinker and creator from the merely talented
person.

The Productiﬁe Thinking,Progrém; then, is aimed at promoting the
generalized problem-solving skills of £ifth- énd'siﬁth-grade'studenﬁs
"skillé whiéh are likely to be_applicable to a wide fange of pfdblems
‘in many different subject-matfer fields" _(Crutchfieid,.l966,ﬂp.'68).

The instructioﬁal-materials themselves have been published as pro-
grammed booklets using a comic-book format. Students foilow.the story-

~.line .activities of two.:children as they.encounter and learn to solve.

i
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problems ‘in a detective-like fashion under the direction'of.théir uncle.
Jim and Lila, a brother and sister, are intended to be models with whom
studentslidentify as they read the stories and answer the quéstions in
tﬁe program. The materials were written in programmed-text format to
accomplish several purposes. These purposes are (Crutchfield, 1966,

p. 69):

—— ——
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1. To demonstrate -and emphasize in problem-sclving .

the value, necessity, and techniques of identifying and
defining a problem properly, of asking questions and tak-
ing time for reflection rather tharn leaping to conclu-
sions, of looking carefully at details and searching for
discrepancies, of generating many ideas and not fearing teo

" come up with what may seem 'silly' ideas, of looking
everywhere when stymied for possible clues and sources of

ideas, etc. : :

2. To give the child an opportunity to generate
his own ideas and to become more familiar with his own
thought processes and individual cognitive style.

3. To give the child immediate and frequent feed-
back to his ideas in the form of good examples of fruit-
ful questions and hypotheses, either as confirmation of

;his own ideas or as helpful guides to his thinking.

"4, To allow the child to 'participate’ in the solu-
tion of problems with a pair of curious and imaginative

children who serve as identification-models.

The training materials have been written in a free
adaptation of the programed-instructional form in an &f-
fort to capitalize on several crucial advantages of this
method: (1) individual self-administration, permitting
freedom from direct group and tsacher pressures, permit-
ting individuval self-pacing-and freedom from interruption
of one's own thought, etc; (2) immediate feedback for each

child contingent upon his own individuwal responses; (3)

the requiring of active involvement by the child in the
materials; (4) the providing of greater scope for ex-.
ploitation of and accomodation to the divergent and

idiosyncratic responses-of the child; (5) built-in di-
-agnostic tests or 'indicators' of the seguential progress:

of the child's thinking, of the specific difficulties be-
ing encountered, etc. Such book-form programmed materials

can be administered in a flexible manner by the teacher as
~a supplementary part of other classwork, requiring little
-or no direct intervention by the teacher and no special

training of the teacher in the use of the materials.



16
In summary, the materials were designed to develop and strengthen
a student's ability in ﬁsing important skills and strategies for think-.

" ing and problem solving, to improve a student's awareness of his own

thinking processes, and to improve his attitude toward activities that - .

involve use of the mind.

The first main study ﬁsing the program was conducted in the-
spring of 1963 (Covington_and-Crutchfield) 1965) with two pairs, éx-
perimental and control, of fifth-gréde-classes'and oné éair of sixth-
grade classes, 195 students in all. A six-hour pretest of creative
thinking tasks was given to all children. Students in the experimental
classes were given 13 one-hour iessons in.the trainiﬁg.pfogram ﬁhile
studeﬁts in the control qlasses were given some stories to read and
questions to answer the last few dayé of the treatment period befére
the posttest. The posttest was an eight-hour battery. Five months
later a one-hour foilow-up test was given to as manﬁ of tﬁg_fiffh;
grade students as they were able to lpcate. it wés‘feported that.:

v, f'. the 98 instructed chiidren markedly oﬁt-perfbrmed,the-§7 control
children” (p. 4) on almost all of the problem-solviﬁg fests on fhé
criterion battefy. .The marked superiority éf fhe insfruéfed-children
ﬁas'found in meaéures of divergent thinking and'originaiify. The iq— 
structed studentg.also showed significant pésitiﬁe.éhénges in thé degfee

to which they valued problem solving. The instructed childfen'wefe su-

perior in achievement on the follow-up test compared with the control stu-

.dents. It was concluded that the training had effects onﬂa considérab1e
“variety of probleﬁ-solving tasks and that the effects continued for some

 time during which no instruction was given. Other results indicated
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that boys and girls made approximately equal gaihs on posttest measures
fellowing training.

After the favorable findings of the first study the training'prq—

gram was revised and expanded to 16 lessons. Two internal criterion

tests were also included in the new program "to provide data on how
rapidly the supériofity.of the iﬁétrucfed children.ovér the control
children develops (p. 5)." A second version of the program (Passive
Exposurd was preparéd with a slightly reduced response requirement. A
third treétment_provided children-ﬁith only a set of rules toiaid their
thipking. These rules were presentéd immediately prior “to each of the
two internal criterion tests and at the start of the.posttest sequence.
This second study was conducted with_286 fifth- and sixthjgrade students.
In general, the results corroborated the_findings.of the 1963 stuay.
The Passive Exposurg gfbup demonstrated a satisfactory degree of profi-
ciency on the bosttest and it was concluded that the Péssivé Expoéure

condition was equally effective with the regular, programmed version of

the;treatment. The Rules-Only group ﬁlaced the lowest of the treatment

groups on the posttest criterion measures for the fifth grade, but still

~ higher than the controls. The program was ‘found to be equally effective

with both boys and girls. Rather than interpret the findings as evi-

-dence that new problem-solving skills had been instilléd,'Crutchfield

concluded that the traiﬁing might'act to "sensitize the child to use the
skills he already possesses (p. 5).”
Perhaps the most up-to-déte summary of the assumptions about teach-

ing creative thinking on which'Covihgton,.Crutchfield, and Davies based

“the latest version of their program is the following g{ven by Olton
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{1969), who assisted with the development of test ﬁateriais for a large~
scale test of the program.

First, we assumed that virtually all students, regard-
less of intelligence or initial level of competence, demon-
strate a level of thinking that falls far short of what
they are potentially capable, and that appropriate instruc-
tional materials could bring about a substantial increase
in the extent to which a student utilizes his potentlal
for creative thinking.

Second, we assumed that the skills involved in crea-
tive thinking are general skills--that is, they cut across
curriculum boundaries. They are general cognitive abilities,
.such as the production of original ideas, the invention of a
unifying principle which integrates several disparate events,
and the use of various strategies when one is "stuck' on a
complex problem. '

Third, we felt that the facilitation of creative think-

ing could be accomplished without making major changes in

the basic cognitive capacities of the student. Instead our

instructional efforts would seek to develop, strengthen, and

integrate skills and attitudes which the student already

possessed in some measure, rather than attempting to develop

entirely new and basically different cognitive capacities.

Finally, although we are inm favor of teaching tradi-

. tional subject matter in ways that promote creativity, we
felt that direct training of productive thinking skills,
~in addition to imaginative teaching of curriculum mater-

ial, would be more effective than elther of these tech-

niques alone.

The most exensive test of the revised program to date was conducted
at Racine, Wisconsin in 1966. This study was designed to test '"the in-
structional limits of the materials by'using them as an entirely self-
s cbntained'prograﬁ, with all forms of teacher particiapation purposely
held to a minimum." (Olton et al., 1967, p. 31). All students in 44 of
“the 47 fifth-grade classes. in the Racine Unified School District No. 1
“were subjects for the experiment. Classes were rank ordered along a

facilitative or nonfacilitative scale by a school district supervisor.

A Yfacilitative environment"” meant a room atmosphere in which topics
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were discussed in a "free, creative interchange between teacher and stu-

dents (p. 3)" Pretest and posttest batteries were developed by the
. P .

Creative Thinking Project at Berkeley and by Dr. E. Paul To;#ance of the

University of Minnesoca. None of the batteries included mathematical
'problems. | |

| Of the 21Iana1yses of pretest va;iables,_only 6ne treatment.effect
was significant at the .05 level. The tfeatment group achieved,a.signi- '
ficantly greater number of solutioné to the Jewel problem, butrdid not -
achieve a correspondingly greater number of -ideas or produce a higher
quality of ideas than did the cﬁntrol'classas.' On the posttest, hcwevér,
the treatmeﬁt group scored higher (P <.05 or .01) on 12 variables while
the control scored higher (p < .05) on only one Vafiabie,:.The superior-
ity of the treatment group was apparent at ail three,levelsrof I.Q;-ideh-
tified for the purposes of the study. In the.sihglé.cése on which the
control group scored significantly higher than the ex?eriﬁental group on

the posttest it was found that only'iS percent'of all students were able

to. solve the_probiem (the X-ray problem). Due to the relatively small

number of students who were able to solve the problem, it was suggested
that the superiority of the control group was an artifact of the problem'

itself'(p: 21). The treatment seemed to be more effective with students

in nonfacilitative environments as evidenced by the reduction of initial

differences between facilitative and nhonfacilitative classes on the post-

“test measures compared with pretest measures. The reverse was true for

the control group. No significant Treatment by Sex interactions indica-
ted that this version of the program was also equally-effectivé with both

_boys'and girls. Dlton et al. (1967) summarized that:
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A diverse set of performance indicators, each re-
flecting a different aspect of the total problem-solv-
ing process, showed consistent benefits as a result of
training. These ‘included achievement of solution to
problems, number and quality of ideas produced, intel-
lectual persistence, sensitivity to discrepant or puz-
zling facts, use of a Master Thinking Skill, and an
understanding of the process of thinking itself [p. 31].

Using eighth-grade students as subjects, Ripple and Dacey (1967)
found evidence to support the transferability of direct training in gen-

eralized problem solving to another task, the two-string problem. The

treatment used in their study was a modified version of The Productive

~ Thinking Program, upgraded to an eighth-grade level by eliminating some

.of -the repetition in the program and adjusting the vocabulary level.

.The students who received the special treatment were able to solve the

problems given in the posttests significantly faster than their controls.

No significant differences were found between experimental and pogtrol.
groups on measures of creative thinking. It was_noted;in:this sﬁud?
that the instructional effects_were less potent than those.rgpérted by_

' Covington and Cfutghfield (1965) for grades 5 and 6. .The effect§ pf |
their treatment Wefe somewhat less for sixih grgderé thaﬁ.fo;.fiftﬁ,
.graders. It may be_that_the optimum grade level for which iﬁstchtion
in éroblem solving using material pfgpared in tbis format;isrgrade 5.__
Torrance {1967) referred to a phenomenon known as thé fourth-gradeAslump
in;creaﬁiverthinking. ‘His studies showed”that.aftgr g;ade.S.tﬁgréris a
general lowering in the level of achievement on tests of creative think-
ing in'several_éultures, including our own. He identified several peri-
'ods.corresPondipg to grades K or 1, 5, 7, ‘and 12 during which studénts
do not perform as highly as expected on tests of creaﬁive.thinking."lt

has been éuggested (Torrance, 1967; Ripple and Dacy, 1967) that The Pro-
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ductive Thinking Program be revised for grades 6 and beyond in an

attempt to overcome this problem.

Olton (1969) listed the areas of attitude and motivation as two of

‘the most important gains produced by The Productive Thinking Program.

He cited evidence to show that fifth-grade students not only did improve
attitudes toward .problem solving, but that the improvement prevailed on
a follow-up test more than six months later.

A study by Treffinger and Ripple (1969) failed to provide evidence
for the transfer from the instructional materials to problem solving on
a séecially prepared set of arithmetic problems for students in grades
4 through 7. It was acknowledged, however, that the teéts were'diffi-__
cult and their reliability was lower than desirable. When I;Q. was con-
trolled, there were no significant differences between controi énd'ex—_
perimental pupils' mean scores on the verbal creativity tests. Evidence

for transfer from the instructional materials to English was cited by

Olton and Crutchfield (1969). Essays written by students who had com-

pleted The Productive Thinking Program were judged more thoughtful than
those written by a control group. Also, the essays from the experimen-
tal group were judged superior in the amount and quality of thinking.

In the above studies, no real test has been made of transfer of the

skills taught in The Productive Thinking Program to problem solving in
mathematics in which the majority of prob;ems required more than a éihgle
step. Olten et al. (1967) noted é lack of treatment éffects onrmany'of
the perfqrménce measures for the brief problems, those which emphasized
divergent thinking: Although no examples of the arithmetfc problems
used in the Treffinger and Ripple study (1969) were given, the titles

"A Puzzle Form and a Text Problems Format™ indicate that brief problems
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of at most two steps were probably used since a survey of the ma thema - i

tics texts used in grades 4 through'7'furniéhes abundant evidence of

" consistent lack of even two-step problems. As stated earlier, most "pro~

blems" given in most mathematics texts are simply "exercises" or appli-
8 . pLy pp

cations rather than problems that require serious thought on the part of

the student. The training provided by The Productive Thinking Program .
should be most evident in situations where the solution to the given

problem requires two or more steps. In short, the transfer effect of

The Productive Thinking Program to problem solving in mathematics has

not been tested with multiple-step problems. One purboée of this study

was to investigate the effectiveness of The Productive Thinking Program

on multiple-step verbal problems in arithmetic.

An important factor in the effectiveness of The Productive Thinking

‘Program is the amount of teacher-directed discussion of each lesson.
- Covington and.Crutchfield (1965) and Olton et al. (1967) found that stu-

dents achieved up to 50 percent higher scores on posttest measures in

classes where the teacher discussed each lesson. When teachers partici-

pated by discussing the lessons with students, new vafiaﬁles entered
‘that made it difficult to'examine the possible effects of the:tréaﬁment
itself. As Olton et al. (1967) pointgd_out, the severest test of the
,effectifeness'of‘a set of instructionél materials is its use on é daily
basis without teacher pafficipation. It.was‘under these carefully con-

trolled conditions that the performance of the experimental classes in

- the Olton. (1967) study surpassed ‘that of the control group.on 30 of the -

40 internal and posttest measures, Although only 13 of the differences

found were significant, 11 favored the experimental group.
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The Productive Thinking Program has demonstrated its effectiveness
in instruction in general.problem.solviqg for-the mofe coﬁplex types of
problems. Follow-up studies show that students retain this superiority
over their coﬁtrols for periods of 5 months or longer. Since most ver-
béi problems in methematics texts-caﬁ be classified as exercises rather
than problems, and one of the goals of instruction . in mathematics is to

teach students how to solve complex.problems, I believe that The Produc-

tive Thinking Program was worthy of being used as one of the treatments

in this study to determine its transfer effect to problem solving in

mathematics when problems of' a more complex mature than usual, for the

grade level, were used as criterion measures.
We now turn to the consideration of the other treatment and the pre-

mises upon which it was based.

The Modified Wanted-Given Program. The task of how to combine. the
most promising suggeétions of previous research in problem solving in

such a way ‘as to .derive an instructional program was not at all clear-

-eut. The findings of many of thé studies which reported. significance,

in one way or another, were in‘doubt because of their poor experimental

design. Kilpatrick (1969; p. 179}, in reviewing some 117 studies in pro-

blem solving at all grade levels, noted an increase in the complexity'of

design in studies during the last few years. He suggested that more
clinical studies with individual students should be conducted before be-
ginning larger studies because:

. . .unfortunately, the increasing complexity of design has
been accompanied by an inereasing number of methodological
blunders, such as the inappropriate use of analysis of co-
variance and the use of subjects as experimental units when
intsct classes have been assigned to treatments. More dig~
turbing still is the investigators' apparent ignorance that
‘statistical assumptions are being violated. g '
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Gorman'(l968) analyzed 293 articles and dissertations Qn.problem.
sblving in terms of their experimeqtai design és defined bj Campbell
and Stanley (1963). Of the studies analyzed, 178 were remoﬁéd'from ‘
consideration for not actually being'studies.of problem‘solving in math-
ematics, for not using as subjects students in grades 1-6, for not being
published in the years from 1925 to 1965, for lacking internal va;idity,
ﬁr for not being available for examination. The remaining 115 studies

were closely examined for internal validity. Finally, the number of -

studies which met criteria was 37. The recommendations from the accepted"

studies concerning the teaching of problem solv{hg in grades 1-6 were

centered in the following areas.
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a. Efiect of using the following methods:
{1) ‘Systematic instruc tiont
{(a) Systematic instvuctlfen in which students are asked
to explain how a -problem Is to be solved and why a
parcicular process is appropriate produces grearer
gains in problem solv.nb than mere prescatatlon qf

LARY. problgms.

() The dovelopment of undevscanding Is a gradual process
~ that 1s alded by systomatic instruction in the four
fundancn'al DITOCLESES,

{c) Thc development of understandings of the four Ffunda-
' mental processes is a vical-factor in the improve-
vent of problem solving.

{2) . Intensive étudy of vocabulary2

{a)  Pupils who stpdied quzntitative vocabulary usiag the
’ dlirect study techniques (ecnable the child to estab-
ish a three-wsy association between the writtea syms
bol, the sound of the term, and at least one of its
meanings) achieved siznificantly higher on a test of
arithnetic provlem solving and concepts than pupils
who ‘had not devoted spacial attention ta the s:udy
of quantitacive vacabulary.

{b) The direct study of quantitative vocabulary does not
© tend to result in an Improvement ia general vocabu=
lary or. in veading comprehension.

{¢) The direct study of quantitative vocabulary is not
" more effective with one sex than with the other.

{d) The direct study of quantitative vecabulary s a
wethod that is more effecetive with puplls of above
average or averagaz intelligence than it fs with
pupils of below average intelligence.

1&nge13'?ace, “The Effect of Understanding on the Reorganization
and Permanence of Leacning" (unpublished Dector's dissevcacioﬁ, Syracusa

University, L959).

ZLouié Frederick VanderLinde, "nn Experimental Stady of the Ef—
fect of the Direct Study of Quantitative Voc abLlary on Arithwecic Prob-
len Selving Abilicy of Fifth Grade Pupilis™. (unpublished Doctor's dis~
sertation, Michigan State Universi;y, 19623,

25
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(3)  Estimating answars

Dractice in catimating answers to arittmetic preblems is
of no mare valuz zo Siwth grade puplls than 4s the tradi-
.tlonal practice in the :olution of such problems.

(4} Croup expcriencc2

_Despite the superilority sif the work performed by groups
as compired to Individual e¢iforts in situations invelv-
ing written probler zolving, there Is no significant Im-
nTovement in che abillty of subjucts to solve problems
whea trained In groupt as campared to subjects who have
worked by themselves gontinucusly when evaluated under
circumslances in which each subject must raly upon kis
own Tesources.

{5) Cuiscnalre macerfaisd

Gse of Cuaisenalre mareyials In an elementary mathematics
progzran resulted In significan:ly less achlevemeac in
computatisn and xeasoning than was evident whea such ma-
cerials were not used. '

b. Compariscn of. meihods:
(1) Cooperative versus individual-efforﬁé
. {a) <Children working together in pairs do solve more
problems correctly than each ¢hild could do workiag
elone.

{b) Children working together in palrs de require more
time to solve probloms than each child would do
working alone.

lJohn W. Di cke} ‘Mrhe Value of Estimating Answers to Arithmetic

Problems and Examples, ™ The Elementary S;hool Journal, lXV (Septeaber,
A934), 24-31.

ZErycc Byrne Hudgins, “The Eifects of Inicial Group Experience
upon Subsequent Individual Ability to Sclve Arithmetic 2robleoms" (un-
published Docter's digserzation, Washington University, 1958).

Jobert t Albere Possy, “How Do Culsenalre Materials in a Modi-
flcd Elementary Matlucmatics Program Affect the Mathematical Reasoning
and Comnutational Skiil of Third Grade Childrea?" (unpublished Doctoxr's

fssexrtation, New York Universicy, 1963).

4Sa—uel ?, Xlugman, "Cooperative Versus Individual Efifciency
in Problem Solviag,® Jeurnal of Bducatienal Psychology, IOXV. (February,
1544), 91-99,
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(2) Drill methed with Lnsipght method

§ skiil in computarion azad ssiving verbal problems.
5 the chief goal of ismsiruction, the method a
teacher employs should ba d 'erﬁiﬁed by her own pre~

dilections,
{b) I ws ereralized oursomes of Instruction, par=
ticul ilizy to think mahhc“a*ically, are

i
at geals, it makes a difference how pupils
.

- {e) ‘Pupils of relarively low abllizy and good achleve-
) ment learn better under a drill methed.

{¢) Pupils of relacively high ability and .ow achieve-
went learn botfoer unders 3 meaning method,

{3) Assmc-&txoﬁ, anzlysis and vacubula‘yz

The associa:ion wethod, or that tachanique by which diffi-
cult or incoerrect problems are associfated with a model,
produces greater gain in student performance Ia problem
golving than the analysis or vecabulary methods. (The
znalysis matihed refers to the step-by-step approach to
problem solving while the vocabulary method Invelved the
completion of mathematical problems with the coxrect
terx.)

(4) Dependencles, ceaventioral-formala, and individual3

(a)- The conventisnal-formula mezhod of problem solving
(i.e., four steps: asked, givea, how, answer) pro-
vided the leasc "ain in abilt y vhea compared with
the individual (absence of any formula) or dependen~
¢ies method (graphxc or diagrammatical).

1G Lester nndLrSOﬁ, "Quantitarive Th inmin° as Developed Undex

‘Conncetionists and Field Theories of Learning,” Learnine Theory in
Sehesl Situations {University of Minnesota Studies In Education, No. 2;

Hinneapelis: University of ¥innesoca Press, L1949).

ZC. L. Thiecle, " Comparison of Three Instructional Methods in

Zroblem Scolving," Rescarch on the Fouridatiaens of aAmerican Educarioen,
‘Officiazl Report of che American Educacional Xescareh Association, -

(Washington, D. C.; American Educational Research Assoclation,

39).

-3Paul R. Hanna; “Ari:hme:iﬁ Problem Solving: A Study af tha
Effcctiveness of Three Methods of ‘Problea Solving® (enpublished Doc~
torts dissertatfon,. Teacher’s College, Columbia University, 152%).

27
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(b) When fourth aad scveath graders are considered as a
whole, there is no diffcrence between the results of
_the dependencics and individual metheds.

{c)} When the work of fourth gzraders alone is analyzed,
the data indicate that the dependencles we.hod is
superior to the individual approach.

(3) Formsl analysis and graphic analysis‘

Neither the convearlonal (formal analysis) nor the de-
pendencies method (graphic analysis) produced changes
that weve statiscically significant wich respect to the
following:

{z) the grade level on which they were used;

(b} the ability levels within che grade (average, -
superier, Inferior);

(e) werentfon of ability in problem solving.

{6) Action Sequence, Wanted-Given, and Practice-Only2

{Actfon Seguence xefers to a program focusing on what

is going on, what events went on, what {c being done,
wvhat %5 done, what was the sequence of events, etc., in -
eitvations from which the meaning or "attributes™ of an
cxeration is to be abstracted. This program emphasizes
what one does mentally or physically when one Is adding,
subtracting, etc. Hence, the operations are conceived
of In terms of thelr characteristic action-sequence.

in other words, the operations are relationships, or
have structures, the relational actribu:es of which are
action-scquences.

udn:ed-civen refers to the program which focuses on the
goals and “erools,” the "why" and "with whac,” the ends

znd means, the wanted and-givens in situations from which

the meaning or “attributes" of an operation is to be abe
stracted. This program camphasizes "why" and "“with what"
one adds, subtracts, eze. Hence, the operacicns are '
concelved of in terms of cheir characteriscic ends-means.

Or, in other words, the operatiocns are relatlomships, or

: laalph D. Horsman, "A Comparison of Mcchods of Teaching Verbal
© Problems in Avithmetic in Grades Five, S1ix, Saven, and Eighe". (unpub-
lished Docter's dissertation, Uni versity of Pi:csburgh 1940}

2

Solving in Arithmetic: An Analytical and Experimencal Comparison of
'fhrea Problem-Solving Pr ograms" (unpublished Doctor's dissertation
.‘Syracuse University, 1964). :

Jokn Warner Wilson, "The Role of Structura in Verbal Probleme
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have structures, the relational attributes of which are
wanted~glivens.

Practice-fmly is a non- 5pecified structures program
vhich provides mo direct instruction concerning the
problem situation.)
The major diiference in the three programs is in
the contents of the- thought process of the child as he
-anal¥zes a problem and chooses the operation.
{a} umphasizing those attributes of the arithmetic
operations termed the Wanted-Given produces statis-

tically significant improvement in verbal problem
‘'solving ability ia arithmetic.

(b} Emphasizins the Nanted Given attributes-of the
- operations produces statistically sigpificant fm-
- provement im verbal problem solving ability than
-comparable emphasis of the Action-Sequenca attrib-
utes of the operatiana
{c) Emphaais on the Wanted-Given attributes produces a
greater atatistical improvement in verbal problem
solving than the mere provision of practice.
{d} Ewmphasizing the Action-Sequence attributes of the

" operations produces no statistically significant
“improvement in verbal problem solving.

“We will -give more conSidératioq to Wilson's findings on following
pages. TFirst, however?'the éummaries of the jbufnal-pubiished aritcles
on problem solving-in-arithmetic, grades.l-é,-for the years 1900-1968 by
Suydam and Riedesel (1969) are presented.. In éll, Suydam, Riedesel and
£ examined all the ayticles on arithmefic.published in 47 American
and:English joufnals,and synthesizedithe findings of 1,104 of the~;tp—
dies WEiCh were.reports of actual experiments. Dissertations.weré also
1istéd, but not synthesized. The findiﬁgs.from reseérch carried out in

the period 1950~1968 were emphasized, but significant findings from be-

fore the advent of modern mathematics, 1950, were also included. A par-

-tial list of their “Answers from Research: Problem Solving" follows.
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- How do pupils thipk in problem solving?

Studies by Stevenson (1925) and Corlel {1958) reveal
that pupils often give little attention to the actual pro-
blems; instead, they almost randomly manipulate numbers.
The use of techniques such as 'problems without number'

can often prev: ¢ such random attempts.

What is the importance of the problem settln
Researcbers such as Bowman (1929, 1932), Brownell2
(1931) Hensell (1956}, Evans (1940), Sutherland (1941),.
Wheat (1929), and Lyda and Church! (1964) have explored
the problem setting. Findings are mixed, with some re-
searchers suggesting true-to-life settings while. others
suggest more imaginative settings. While the evidence
- appears to be unclear, one thing does emerge: problems
of interest to pupils promote greater achievement in
problem solving. With today's rapidly changing world it
seems unreasonable that verbal problems used in ‘elemen-
tary school mathematics could sample all of the situa-
tions that will be important to pupils now and in adult
life. Perhaps the best suggestion for developing pro-
blem settings is to take situations that are relevant
for the child. Thus, a problem on space travel may be
more 'real' to a sixth grader than a problem based upon
-the school lunch program.

How does the order of the presentation of the process and
numerical data affect the. dlfflcultg,of multi-step problems?
Burns and Yonallyz (1964) Tound that pupils made.
significantly higher scores on the test portions in which
the numerical data were in proper solution order. Berglund-
Gray and Youngl_(1932) found that when the direction opera- .
tions (addition and multiplication) were used first in
.multi-step problems, the problems were easier than when
inverse opevations {subtraction and division) were used _
. first. Thus, an ‘add-then-subtract' problem was easier - .
than a ‘“subtract-then-add’ problem. :

. What is the effect gg vocgbulary and reading on problem solving?

Direct teaching of reading skills and vocabulary directly
related to problem solving improves ichlevenent (Robertson, -
1931;'Dresker,z-1934;nJohnson,J19@4 Treacy, ~1944; )
VanderLinde,? 1964). -

How does wording affect problem difficulty?

“Williams and McCreight"(Igés}‘report ‘that rpupils
~-achieve slightly “better-when ‘the -question is askad fizst
‘in a problem. Thus, since ‘the majority of textbook -

flA'studyzrejécted.bylGorman.

2p study accepted by Gorman.
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.series place the question last, It is suggested that the -

teacher develop and use some word nroblems in whlch the
question is presented first. : '

‘What is the readabll;ty of verbal problems in textbooks and in

experlmental materials?

Heddens and Smith (1%64) and Smith and Heddens (1964)
found that experimental materials were at a higher reading
difficulty level than commercial textbook materials., - How-
ever, they were both at a higher level of reading diffi-
culty than that prescrlbed by readlng formula analysis.

- What is the place of understanding and problem solv1ng?

Pacel (1961) found that groups having systematic
discussion concernln% the meaning of problems made signi-
ficant gains. Irish® (1964) veports that children's pro-
blem solving ability can be improved by (1) develeping
ability to generalize the meanings of the number opera-~ -
tions and the relationships among these operations, and
(2) developing an ability to formulate original statements
to. express these generalizations -as they are attained.
Should the answers to verbal problems be labeled?

" While Ullrich (1955) found that teachers prefer label-
‘ing there are many cases in which labeling may be lncorrect

.mathematlcally For example;

‘Incorrect " Correct

10 apples 10

+6 apples . +6 -
16 apples 16 apples

Does cogperative group problem solving produce better
achievement than individual problewm solving?

Klugman® (1944) found that two children working to-
gether solved more problems correctly-than pupils WOrk—
ing individually. However, they took a greater deal
time to accomplish the problem solutions., Hudgins® (1960)
reported that group solutions are no better than the inde-
pendent ‘solutions made by the mest able member of the
ETOUpS. ' :

What is the vele of formal analySLa in 1mprQVLng problem
solv1ng?

The use of some step- by step procedures for analyzing
problems has had wide appeal in the teaching of elementar¥
school mathematics. Evidence by Stevens (1932), Mitchell™
(1932), Hanna (1930), Bruch (1953), and Chase (1961) indi-
cated that informal procedures are superior to following
rigid steps such as the'following 'Answer each of these

questions: (1) What is given? (2) What is to be found?

(3) What is to be done? (4) What is = close estimate of
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. the answer? and (3) What is the answer to the problem?' If
this analysis method is used, it is recommended that only
one or two of the steps be tried with any one problem.

What techniques are helpful in 1mprOVLng pupils’ g;oblem
solving ability?

Studies by Wilsont 51922), Stevensonl {1924),
Washburne (1926), Thlele (1939), Luchins™ (1942), Bemis
and Trow {1942), Halll (1942), Klausmeier (1964), and
" Riedessel™ (1964) suggest that a number of specific tech-
niques will aid in improving pupils' problem-solving abil-
ity. These techniques include: (1) using drawings and
diagrams, (2) following and discussing a model problem,

(3) having pupils write their own problems and solve each
~others' problems, (4) using problems without numbers, '
(5) using orally presented problems, (6) emphasizing vo-
cabulary, (7) writing mathematical sentences, (8) using
problems of proper difficulty level, (9) helping pupils to
correct problems, (10) praising pUPll progress and {11)
sequenc1ng problem sets from easy to hard. :

e

A 1ater summary of research on problem solv1ncr and recommendatlons
for teaching problem solv1ng was reported by Riedesel. (1969, pp 54 55)

A partial list of his suggestlons follows.

1. While the improvement of computation is impor~
tant to problem-solving ability, the improvement of com-
putation alone has little, if any, measurable effect upon
reasoning and problem solving.

2. Motivation is essential to effective learning.
To assure optimal achievement, pupils must be interested
in the problem-solving program. It has been found that
puplls react well to a variety of problem settings. The =
use of 'real-life settings' may be helpful, Also, it has
been found that use of problems from old U.S. and new '
" foreign textbooks imcreases pupil interest. T

3. Children at all levels of'problem sdlving ability
are.receptive to supplewental puzzle type' or enrichment '
problems,

. 4. The use of formal analysis--that is requiring
puplls to answer each of the following questions: (1) What
is given? (2) What is to be found? (3) What operation do
vou use? ~(4) What is an-estimate of the answer? .(5) What
is the answexr to the problem?--does not produce superior
results in problem solving. However, the use of one of the
.steps as a focus for a lesson does improve problem solving.

For example, on a given day the task given .to the pupils might

. ~be .this: 'Make an estimate of an answer., to. the problem. You
do ‘not have to Compute your - answer., . -

ot . S
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5. The following teacher practices improve. problem
solving: ' . '
a) Provide problems of appropriate dif-~
ficulty level. '
b) .Guide pupils to use a method for get-
ting started.
¢} Aid pupils in the analysis of infor-
mation.
~d) Give pupils encouragement to proceed,
' and praise them when they perform some
process coxrectly.
@)  Aid pupils in verifying final solutlons.
£) btart pupils with easy problems which they
most certainly can get correct with a rea-
sonable amount of effort.

6. The problem-solving program should be started early.
As soon as a child begins to work with sets, he can begin to
solve orally presented verbal problems. Thus an important
part of the kindergarten program shnuld be verbal problem
solving.

7. Problems may be used at various times in a unit:
at the beginning to Introduce a topic, as a unit progresses,
and as review and maintenance.

8. A variety of computational types.should be pre-
sented in most problem-solving lessons. When pupils find
that all problems for a day's lesson involve one operation,
the task is actually only one of computational practice.

9. 'Tape recordings of the textbook problemé.cén-be
used with pupils who have difficulty reading problems.

10. A best technique hasg not been found for problem
solving, However, the following techniques have been found
to Increase problem-solving ability: : -

a)  Make use of mathematical sentences in
" golving single and multi-step problems.
b) . Make uge of drawings and diagrams as a
" technique to help pupils solve problems.
¢) Make use of orally presented problems.

In all the studies and reviews of studies examined thus far, there

is general agreement that students can be taught to solve problems.

However, &8 can be seen, there is disagreement on how it should be done

and of which reports should be accepted as representing good research.

Formal acalysis, where five or more steps are used to solve a problem,
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has not been shown to produce significant gains in problem solving.

E However when one or two of the stéps are emphasized; significant gains
Ihave resulted. Wilsoﬁ's study (1967) comparéd tbe wanted-given aﬁprqach
to teaching problem solving with the action—sequence approach._ In the
‘wanted-given approach the child was to (Wilson, 1967, p 4887 :

1. Recognize the Wanted -given structure of the
problem, :
2. Express this structure as an equation,

3. Compute by using the operation indicated.
" by the equation.

In the action-sequence program-the . child was to (p. 487);

1. 'See' or recognize the real or imagined
action-sequence structure of a problem.

2. Express the action sequence in an equation.

3. Compute, using the operation indicated if the
‘equation is direct; or if the equation is indirect,
imagine an appropriate second action sequence, ex-
press it as an equation, and compute‘using'the'x
operation indicated.

4, Check by rewriting the equation with the ans-
wetr in the proper position.

The findings of the wilson study were cited earlier by Gorman (1967,

p; 94) except that in his quote from the Wilson.article (Wilson, 1967;
'p. 495) Gorman did not include the qualification "For the types of one-
étep véfbal.prqblems used in this study and for_theAage and grade level
of the childrea involved--" which preceded the'fouf maiﬁ conclusions.

“The point is that Wilson's study used only one-step problems.

In Wilson's treatment (1967, p. 55), the wanted-given structure of

the problem was seén as a means-ends relationship. Wilson assumed that

. the child "saw" the structure of the ptoblem and expressed the relation-

'.ship in equation'form (p. 57). 'The equations=ﬁere always to 'be written
by thé_stﬁdent in direct rather than indirect form. That is, 12 - 5=n

rather than n+ 5= 12, A sample problem from each category used by

WllSOn in his study best illustrates his treatment.
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Sample 1. Problem (p. 60)

Beb had 9 marbles., Dick gave him 3 marbles.
How many marbles ‘did Bob have then?

Classification

& problem in which the size of a total is
wanted and the sizes of its parts are given,

Wanted-given structure of addition

9+ 3 =n or 3+ 9=mn

.Sample 2. Problem (p. 61)

Bob had 9 marbles. After Dick gave him
some more marbles, he had 12 marbles.
How many did Dick give Bob?

Classification

_Afproblem in which the size of one part
. is wanted and the sizes of the total and
the other part are given.

Wanted-given structure of subtraction
12 - 9 =n
Sample 3. Problem (p. 61)

Bob had 12 marbles. He lost 3 of them,
How many marbles did Bob have then?

Classification
A problem in which the size of one part is
wanted and the sizes of the total and the
.other part are given. ' -
"Wantedegiven structure of subtraction
-_12’3:11.
Sample 4. Problem (p. 62)

Bob had some marbles. "He lost 3 of them.
Then he had 9 marbles left. How many marbles
did Bobh have to begin with? '

Classification



A problem in which the size of a total is
wanted and the sizes of its parts are given.

Wanted-given structure of subtraction
9+3=n or 3+ 9=

Unfortunately, the proportion of problems requiring each ofrthe
four basic operations in Wilson's texts was not the same. Of the 30 '
items on each of his posttest and retention tesfs, 9 were additioﬁ'pro-
-blems, 13 were subtraction préblems,'B were multiplication éroblems, and
5 were.divisionlproblems. As indicated by the exaﬁplés, the exercises
‘were quite easy and few purely computational efrors were made. Wilson -
2(1967) concluded that selecting the prober operation was of primary im-
portance. "The group which became superior in chOosing dorrecﬁ operé-
tions also became superior in obtaining the correct answers (p. 229) "

Marllyn Zweng (1968) criticized the actlon-sequence program used by
Wilson (1967) for not being flexible enough in its instructional approach.
That is, although there are several wavs to solve most problems, she con-
tended that the children in the action-sequence group were led to belleve
there was only one correct mathematical model for ea;h_problem. Even

sthough Wilson?sﬂartiéle was necessarily a shortened'versidn-of-his disser

tation and did not include all the details, there was not enough evidence

to support Zweng's criticism in full. Howe#Er, the extent of control re-
‘quired to maintain the distinctiveness of each_treatment in-Wilson's
study did tend to restrict the fléxibility mdre tﬁan one might expect in
~each treatment ﬂad.it been carried out separately under less rigbrous

conditions. Fach treatment required the student to recognize a number of
situations in which the structure was different or the action sequence
varied. 1In the action-sequence treatment, the child visualized or imag-

ined the action taking place in the problem and was required to write

PaeT—
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the corresponding mathematical sentence in exactly the order indicated by

the action sequence (Wilsom, 1967, p..26). This required an almost exact
translation of the action taking place into -mathematical terms as ex=-
pressed by an equation. The wanted-given treatment, on the other hand,

required the student to recognize the structure-of the problem in terms

cof ;a direct mathemztical sentence (Wilson, p. 43). 1In some cases ex-

pressing the relationship in a direct equation amounted to two steps for

'students in -the action-sequence treatment. They were required to imagine

.a second step, the direct equation, 1if the action sequence indicated an

indirect -equation, That 1s, if ‘the action sequence suggested an equa-
tion like 10 + n = 23, the :student had to imagine some action sequence

that would have a direct form such as 23 - 10 = n. The student then had

‘to-perform the operation indicated in the second step to find n.

The modification of Wilson's wanted-given treatment used in the pre-

sent .atudy was almed at reduc1ng the number of cases a student had to

.keep ‘in mind .while trying to solve a problem and at- the same ‘time make

the solution process more meaningful. As suggested earlier by Thiel

(1939) and Mitchell (1932), analysis appears most efficient when only

one or two steps are required. For this reason the wanted-given approach

used in the present study emphaéized the notion of two alternatives, that

.Is, two steps. First, students were instructed in the use and meaning of
the terms "aum " "addend," "product,” and "factor." Following this, they

.WEte;givan-practice-in.solving simple equations, such as 15 + 10 =

Next, -students were taught that to find the value of n in an equation
such as 15 + n = 25 they had to-solve the equation n = 25 - 15.
In a similar manner, students were taught that to solve for n in

25 % n = 20 they had to solve n= 20425,
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The instructional program emphasized that there were.basically just
two kinds of prdblems, sum problems and product problems. A sum problem
- is oné iﬂ which two or more guantities are being coﬁbined. _ane a.stu~
dent established that the problem was a sum;type problem, only”two.opér-
ations were possible, addition or subtraction. If the problem involved
direct addition, such as a + b = ¢, or if it had one of the”éddends migs-

ing (wanted) in the form a + n = ¢, the solution was n = ¢ = a..  Simi-

larly for product problemé, once the student determined it was a product-

type problem, just two operations were possi?lg, mﬁltiplication ér divi;
sion. The easier of the two operations was multiplication; multiplying
the factors a k b = ¢, to find the product. If one factor was missing f:
(wanted) and the equation was the form a x n = c,.then_the sdlutibn.was 
n=oc+ a. |

Beginning with one-step problems, the program ied‘the stﬁdent to
make cholces between two alternatives at each step. Keeping the number

of alternatives to two ig in keeping with the findings of earlier studies

(thiel, 1939; Mitchell, 1932) and facilitates both understanding and in-

" struction through'emphasislon.VGcabulary (Vanderlind; 1964}.

| ‘Figure 1 presents the decision structure of the program. .Atilevel
1, the gtudent must decide whether the problem is a sum- or product“type
‘problem. At level 2, he again must make a choiée'of.whether_to éupplyL

a sum, an addend, a product, or a factot. s

Thg transfer of ‘this approach to mu;tiple-stEp.ﬁrobléms is direct..

The dectsion stfﬁcture is-simply-a-nested set of'waﬁtéd»giﬁen;seQuenceé'
in which the rules from case to case do not vary; - This sequence.is pfe--
sented graphically in Figure 2. For example,'a.factor may itself be a

sum, The student must find the sum (step 1) and then use the 8um as one
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Figure 2,
solving.

PROBLEM

No

| e

Type
of

W

" Product

Sum

axb=¢

a+b =¢

Produc ‘

Factor

¢c+b axb=c¢

n

Are
a,b
Known?

Are
¢,qa
Known?

LY

Compute Compute

Decision structure of the Modi‘fied-Wanted-Given Program for multi-—.s_tép verbal problem
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PROBLEM

- ;  sum T8 N\ Product
LEVEL [« s v e ve e l o Problem l

" Addend.
LEVEL 2+ - » + powmmeem

1]
(2
»

Factor , Product

u

c-n=al....la+b=¢c|..fn=c+b o o sjaxb=c .

Figure 1, Decision structure of the Modified Wanted leen Program for s:.mple one- step
verbal problem solving indicating decision: levels .

6t



1.  Each problem, as a first step, was identified | o B o ‘ [
according to one or two basic tyﬁes, sum- or
:pfoduct—type problem, rather than the wanted- -
‘given, part-whole relationship used by Wilson
(1967, p. 43).

2. Wanted-given was taught in terms of sum, addends,
factor, product, rather than in terms of parts
and whole (Wilson, p. 36-38).

3. The number of rules to be learned and remembered -

by the student was smaller as was the number of
 different types of problems (see Figure 1).

4, The meaning of the terms "sum," "addends;“'“produC£," -
.and "factor"” were stfessed throughouﬁ the program.
These terms were not emphasized in Wilson's stﬁdy.

5. Where appropriate, students were encduraged.to |

*wri;e indirect eqﬁations for the first sﬁep as :
ekpressions of the problem type rather than'réf |
quired diréct eqpations in each case (Wilson,.p.

43). Direct equations were treated as the na-

tural sclution to indirect equations.'-Thatiis,}
12 - 9 = n is the solution to 9 + n = 12.

The instructional program itself was presented to students in pro- . o

grammed-booklet form, one booklet each day for 16 days. The progrém was - . q

similar to that of The Productive Thinking Program in approach, in that

students were to follow a story line about a boy, Bill, and a man, --. : l

Mr. Smith, as they encountered and solved a serxies of mathematical pro-

———

blems. The man in'therétory was trying to help théwboywbecoméma“good~m e
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of the factors to find the product (step 2). It is this second step that
is often forgotten by fifth graders. 'They are, in the experience of the

writer, inclined to perform one step and feel that they have solved the

-problem since they have "done something." It was assumed that teaching

students to first recognize the overall structure of the problem would
.improve their understaﬁding-of the problem and reduce the number of oc-
currences of only partially completed problems.

By way of comparison, the'first.example used to illustrate Wilson's
approach (p. 60) was almost identical..in strgcture-to'that uéed by-a'stu—
dent in the present program. Rather than being classified as a problem
in which the size.of.the total was wanted, the problem was classified by
the present program as a sum problem. What was wanted was the sum. The
addends were given. Therefore the operation was addition,_g + 3 = 12 or
3_+'9 = 12,
| The second example Wilson gave {p. 6;) woﬁld also be classified as
a sum problem of the form 9 + n .= 12.  However, siﬁce one qf the addends

was missing, the Problem had to be solved by using thé equation

n =12 - 9.

The third case cited by Wilson (p. 61) was aléo a sum problém in
tefms of the present program. The equation was n + 3 = 12. The equation
n = 12 - 3 had to be used to find the number of marbles remaining.

The fourth case was yet another example of a sum problgm. The add-
ends were given.  The student was asked to find the.sum;

Severél pages from the instructiogél treaﬁment which illustrate
various stages.bf the program, are included in Appendix A.

.'In summary, ﬁhe-key differences-between‘Wil$on‘snprogram and the ap-

proach used in this study are:
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problem solver and encouraged the boy, in turn, to help the readers to

“become good problem solvers as well. "The linear program provided for

immediate feedback, cues, and step-by-step instruction using small steps.

SUMMARY AND HYPOTHESES

Researchers, such as Olton, Crutchfield, and Covington, have argued
for the,transferrability of the problem-solving skills developed throﬁgh

systematic instruction in The Productive Thinking Program. The results

of several studies confirm their arguments in some caSes, but not in
others. Failure to produce significantly greater achievement levels in

mathematics as transfer from training in The Productive Thinking Program

in studies to date may have been due to the fact that the mathematical
tasks used in some of these studies were too $imple to demonstrate the

full effects of the training. The lack of sex differences in achievement

for students using the programmed materials may be an indication of the

teacher independence of the treatment.

On the other hand, there are only peneral suggestions from previous

‘research on how one ought to go about teaching students to solve pro-

blemsf Any educatoy who wishes to prepare an instructibnal program in
problem solving must glean, from the best of what others have attempted,
-the techniques he_feeis most appropriate in light of previous research
and - theory. |
The purpose of this study was to test the hypotheses that:
1. There will be no significant differences in scores on
posttest measures of problem solving skills between

students who receive training in general problem solving-

techniques as presented in The Productive Thinking
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Program and students who are taught more specific

skills for solving problems in mathematics in a

totally mathematics context using the Modified
Wanted-Given Program.

Students in either of the treatment groups, The

Productive Thinking Program or the Modified Wanted-

Given Program, wilI:nbt_achieve-significantly
higher scores on meésures ﬁf problem skills than
students in control classes wﬁo receive no épe-
cial instruction in prbblem]sblvingf.'

No significant differences will be apparent be-

 tween the achieVEment7of boys and girls on tests

of problem solving skills in the treatment groups.

We turn now to the design of the experiment itself.
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CHAPTER TT
EXPERIMENTAL, DESTGN

As stated in Chapter I, the purpose of this study was to compare

experimentally the differentisl effects of three instructional programs

on problem solving and on measures of problem-solving skills of Fifth-

'_grade gtudents.

PROCEDURE

Three treatments--The Productive TFhinking Program, the Modified

. Wanted-Given Program, and The Control (no treatment)--were administered

to eight clasgses of fiftthrade students in the Cupertino Union School
District near San Jose, California. Six of the classes received the
experimental treatments, on a random basis, and two classes served as

controls. - The three treatments and two sex variables éonétituxed the

% X 2 factorial design of this study, which was as follows:

where Ol is the pretest,-Xi The Productive Thinking Program treatment,

Xy the Modified Wanted-Given Program treatment, O, the posttest, and O

2 )
the follow-up test which was given seven weeks after the posttest. The
scheduwle for each event was as follows:

 Pretest {in all four schools) Thursday, October 22, 1970.

Treatment (in three schools) Monday, October 26-Tuesday,

s
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November 16, 1970 (there was one school holiday in
the treatment period). o
Posttest (in all four schools) Wednesday; Nbvembér 18,_1970.7
Follow—ué tesf (in all four schools) Thursday or F:iday,
January 7 or 8, 1971. _ | _

Subjeétsf, The 261 subjects of this study were all students:in
fifth-grade classes in four pﬁBlic schools in'thg Cupertino Unipﬁ School
District in Santa Clara County, California. The distribution of-sub-

. jects by‘schoql, class, treatment, and sex‘is shown in Table 1. All
students (a total of 287 tﬁat inéluded 26 special students identified
and classified by the school as either gifted or educationally handi-n
céppeﬂ to avoid diserimination of any sort) took part iﬁ the study.

The data from the tests of the Special students were not included in the

analysis of the results,

Assignment to treatment. Both instructional treatmeﬁts were pre-
sentea to students in programmed bBooklets. 1In each treatment one book-
let ﬁas given to each student each day for 16 coﬁsecﬁtive'school days;'
Booklets were randoﬁized using a table of random numbers_(Fishér and |
Yates, 1957) and handed out daily to students in the three ekperimental
échools within each class beginning with the first day qf the tréatment
_period following the pretest., Each studenﬁ'remained'in the program to
which he waérassigned on the first day for the femainder of the experi-
- mentagl period. The control classes received no treatment. | |

“Administration of the treatments. As noted by Olton (1969) -and

others earlier, permitting the teacher to discuss the treatment with the
class had a significant influence on student achievement. To control

the teacher variable, aides were hired to administer the tests and daily

el
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TABLE 1

Distribution of Students by Class, Sex, and Treatment

Control
Treatment Classes Classes
. Sex A B c D E F ¢ | H | Total
p? |we®| »|we wel plwe | plwe| piwe |
Boys 71 7 |10f 7 5 6| 8| 7| 7] | 20| 22| 127
. Girls 11] 8 612111110 51 8lizli0] 9 16| 12 134
‘Subtotal | 18[15 {16 [19f15)15311 111619 |17 |19
 Total 33 35 30 22 35 36 36134} 261

8The number of students in The Productive Thinking Program.
- -DThe number of students in the Modified Wanted-Given Program.

treatments in each class. Of the three'aides,_one was the wife of a
graduate student;lone had prior experience dealing with children in a

school situation as a substitute teacher for a short time, and the other

“had seived as a teacher aide in a junior'high'school_the'previous yéar;

'All aides were given the pretests before the experiment'bégan‘to'famil—

iarize them with the procedure. The purpose of the experiment and the

role they were to play were carefully explained. Each aide was given a
‘set of printed instructions to follow the first few days of the'exPeri—

ment (see Appendix B). Further, aides were instructed not to discuss

the §roblems with students, although they could answer any questions and

act supportively and pleasahtly. _The aides were in charge of the class

during that period of ‘the day when the treatments or tests were given.

All treatments and tests were given beforg-noan each day in each school.
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The aides distributed the instructional materials at the béginning
of each class period.‘ At the close of each class period the.instruc-.
tional booklets were picked up by the aides so that no bookl@ts remained
at the scuool. The-classroom teacher ; did not participate in the admin-

istration of the treatments and generally used the time to catch up on

other work} in- fact the classroom teachers did not even see a set of the

instructional materials. Their only contact with the experiﬁent was
during the initial meeting held at each school at which time the purpose

of the expériment was explained and their cooperation was.requestéd.

The daily treatments were given during the regular mathematics per- -

iod, and the entire period was used each day. The only mathematics in-
struction the treatment classes received during the period of the ex-

periment was that contained in the instructional treatments. Those stu-

.dents who were assigned to The Productive Thinking Pfogram received no
mathematics instruction for 16 days, because tEat programrcontained'nohe.
Those students who were assigned to thé Modified'Wénted-Give;-Prograﬁ'
received inétrucﬁion emphasizing the solution of proﬁlems,las_déséf;;ed
_eagiief, rather than computational skills. The controi 6lasses féllﬁwed
the state-adopted text which contained no special emphasis on p?obiém
sélving and few problem-solving exercises. The teachéfé of‘the.éﬁntrolt
clasées agreed not to instruct students in problemtsqlﬁing dqrihg ﬁhé
time the experiment was in progress. | | )

Development of treatments. The Productive Thinking Program

. {Covington, Crutchfield, and Davies, 1966) is a copyrighted,‘commer-
' ciélly available program. One hundred sets of the instructional mater-
iale were purchased for use in the study. The program itself is des-

cribed in detail in Chapter I.
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The Modified Wanted-Given Program was developed by.the_author for
this study. Its content -and approach are also described in Chapter I.
Preliminary versions of the daily lessons were prepared and ﬁested in
a gingle fifth-grade class which was in a school in thersame general
socioeconomic area and échool district as the classes that participated’
in the experiment. In all, 10 students worked through the first }O les-
sons of the program. Based on their performance and the.teaéhér's.rec-
oﬁméndations, the program was revised. Tﬁe revised version in 16 daily
lessons constituted the Modified Wanted-Given Program treatment. Sincé
ﬁhe first 10 lessons contained the instructional sequence, piloting only

the first 10 lessons was considered sufficient. Lessons l1-16 contained

internal tests and extensive reviews of the material introduced in the

'-firét 10 leséons.

Measuring instruments and scoring procedures. The pretest consisted

of four scales--Figure Classification, Working with Numbers, Arithmetic

Reasoning, and Hidden Figures--which were to be covariates with the

 posttest and follow-up test scales. Statistics on each are given here,

élong with a brief description of the skill it was intended to measure.
A copy of the pretest is given in Appendix C.

The Figure Classification Test is designed to measure a student's.

ability to discover rules that explain things. This scale is an adap-

tation of the Figure Classification Test developed by the Eduéational

Testing Service (ETS) (1962), which itself is an adaptation of a Univer-
sity of North Carolina version of Thurstone's test of the same name.
The ETS form of the test consisted of two parts of 14 items each with a

time limit of 8 minutes. Many of the items were thought to be too dif-

_ ficﬁlt fdr fifth-grade students.
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A form of the Figure Classification Test was pilot tested in four
fifth-grade classes with a total of approximately 120 students. These
four fifth-grade classes did not participate in the later study. The

nine items which correlated most highly with the total test score were

. selected for use in the present study.

The instruction for the Figure Classification Test, together with
examples, are given on the'following page. .No scale statistics were
avéilable from ETS for this test. The time limif.for the revised fdrm,
niﬁe items, was set at 10 minutes to deerease the importance of speed

as a factor.

The second scale, Working with Numbers, was a test used in the five-

.year National Longitudinal Study of Mathematical Abilities (NLSMA) con-

ducted by the School Mathematics Study Group at Stanford University. A
description of the scale, the scale statistics, and a sample test item
follow (NLSMA Reports, No. &, 1968, p. 33).

Spriﬁg-Year'Z
Grade 5

'X307 NDRK!NG HlTH NUKBERS (12 ltems, 20 minutes) This scale is

designed to measure ablllty to perform operations using whole
numbers according to written directuons.r 1t has five items in

common with X313.

EXAMPLE: The sum of the odd numbers less than L and
' ' the even numbers less than 9 is

(A) 11 (B) 13 (c) 24 (p) 42 (E} 45

~SCALE STATISTICS:

MEAN 5.66 ALPHA = 0,68
= 1,049

= SAMPLE S1ZE= 1332
ST.DEV= 2.62  ERR.MEAS: : _

R

I
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PX005

FIGURE CLASSTFICATION — I-3

This 1s & test of your ability to discover rules that explain things. 1In each
problem on this test there are either two or three groups, each consisting of three
Tigures. You are to look for something that is the same about the three figures in
any one group and for things that make the groups different from one another.

Now look at the sample problem below. In the first line, the figures are
divided into Group 1 and Group 2. .The squares in Group 1 are shaded and the squares
in Group 2 .are not shaeded. In the second line a 1 has been written under each
figure that has s shaded squdare as in Group 1. A 2 has been written under each
figure with an unshaded square as in Group 2.

Group 1 - Groﬁp 2

ojo|o

u}

0| gd O

o | &} / / {2 1 7 2 | 7
Now try this more difficult sample, which has three groups:
Group 1 Group 2 L Group 3
S 2 : —

i% /Z‘Q SG /ﬁ/ ~|| <X ;

=1/, =] b [~

The figures in Group 1 consist of both stralght and curved llnes. . The figures
in Group 2 conslist of curved lines only. The figures in Group 3 consist of straight
lines only. As you can see, there are other details that have nothlng to do with the
‘rule. The answers are: 1, 1, 3, 1, 2, 1, 2, 2.

Your score on this test will be the nmunber of figures identified correctly minus
a fraction of the number marked incorrectly. Therefore, it will not be tc your ad-
vantage to guess unless you have some idea of the group to which the figure belongs.

You will have 10 minutes to complete this part of the test.
DO NOT TURN THIS PAGE USTIL ASKED TC DO S0,

Copyright © 1662 by Bducational Testing Service., All rights reserved.
A Unlversity of North Carolina Adapbation of a test by L. L. Thurstone



52

ITEM NO.

ITEM STATISTICS:

"ETEM INDEX 1 2 3 4 5 6 7 8 g 10
P 69 79 52 45 74 42 51 37 31 17
ADJ. P 69 79 52 45 7% 2 51 37 31 17
BISERIAL 56 52 56 39 47 53 - B9 . L8 37 01
PERCENT NT. 0 0 0 0 0 0 6 0 0 0
PAGE NO. © 185 185 185 185 186 186 186 187 187 187
ITEM NO, 1 2. 3 4 5 6 7 8 9 - 10
ITEM INDEX 11 12 o
P ' 31 38
ADJ. P 31 38
BISERIAL 39 g
- PERCENT NT 0 2
PAGE NO., - 188 188
11 12

The thifd scéle, Arithmetic Reasoning, also a NLSMA test,-ﬁas~.

adapted from the Necessary Arithmetie Operations'TeSt.- The déscription

~of the test follows (NLSMA Reports, No. 4, 1968;'p;f180)._

PX217 NECESSARY ARITHMETIC OPERATIONS I (15 itemsi 5 minutes) .This

scale was patterned after the French Kit Form R-4., The

original test has items requiring both one and two operations. -
~ The items in this scale require only one operation. The scale
is intended to measure ability to determine what numerical .

operations are required to solve arithmetic problems without
actually having te ¢arry out the computations. “ It is similar
to PY222, PY610, PY701, and PZ222. e Sae

EXAMPLE: Jane's father was 26 years old when she was born.

Jane is now 8 years old. How old is her father now?

(A) subtract {c) add
(B) divide (D) multiply
“SCALE STATISTICS:

MEAN
ST.DEV

10.80 ALPHA
3.56 ERR.MEAS

IO ]

U.8h SAMPLE SIZE= 1465
1.41 : '
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ITEM STATISTICS:
ITEM INDEX 1 2 3 4 5 6 71 8 -9 10

P 94 8L 8h 78 67 88 64 39 79 75
ADJ, P 34 8L 84 79 67 89 65 92 83 81
BiISERIAL 43 61 67 70 53 68 56 © .75 .15 75
PERCENT NT 0 0 0 0 1 1 2 3 5 7
PAGE NO. 117 117 1¥7 117 117 118 118 118 118 118
ITEM NO. 1 2 3 b 5 6 7 8 g 10
ATEM . INDEX 11 i2 13 1k - 15
P _ 60. 5S4 . 65 61 37

ADJ, P 67 65 82 23 53

BISERIAL , 53 41 82 61 35

PERCENT NT 11 16 21 26 31

PAGE NGO, © 119 119 119 118 119

I TEM NO. 11 12 13 1k 15

There is a possible speed factor in this scale. The interpre-
tation of the alpha and the error of measurement is questionable.

The final scale on the pretest, Hidden Figures I, was the NLSMA

version of a test by the same name developed by ETS. A description of

the test follows (NLSMA Reports, No. 4, 1968, p. 181},

PX218 HIDDEN FIGURES 1 (16 items; 15 minutes}) This scale was
‘patterned after the French Kit Form Cf-1, Part 1. The original
test has about twice as many distracting lines in each figure.
It is designed to measure ability to keep a definite configu-
ration in mind so as to make identification in spite of per-
ceptual distractors. The task is to decide which of five
geometrical figures is embedded in a complex pattern. 1t is
similar to PX820, PY223, PY819, and PZ223.

TN DN

() (o) (&)

 EXAMPLE:

SCALE STATISTICS:

MEAN =  7.49 ALPHA = 0.81  SAMPLE SIZE= 1461
ST.DEV= 3,82 ERR:MEAS= 1.70 -
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" cribed below consists of eight items, only the first three_items are not

ITEM STATISTICS: ,
ITEM INDEX 1 2 3 & 5 6 7 8. 9 10

P 72 52 58 6l 51 38 39 55 53 60 -
ADJ, P - 72 52 58 61 52 57 40 57 5& 65
BISERIAL b1l 50 55 51 52 38 - 56 58 62 60
PERCENT NT g 0 0 0 1 2 3 & 5 - 7
PAGE NO, 105 105 105 105 106 106 106 106 107 107
ITEM NO. 1. 2 3 ) 5 6 7 8 9 10
1TEM INDEX 11 12 i3 iy - 15 16
P 46 58 33 27 32 i3
ADJ, P 51 56 40 36 L3 27
BISERIAL L3} 53 56 50 73 59
PERCENT NT. 11 13 13 24 27 3k
PAGE MNO, 107 107 108 108 108 1038
ITEM NO. - 11 12 13 14 15 16

There is a possible speed factor in this scale. The interpre-
tation of the -alpha and the error of measurement is questionable.

A complete copy of the pretest is included in Appendix C.

The posttest consisted of two NLSMA.tests, Working with Nﬁmbers.and

Five Dots and a set of five word problems developed spécifically for the
study.
The first scale in the posttest was an expanded version of the

Working with Numbers Test used in the pretest. While the scale as des-

duplicated in the pretest form of the scale. The posttest scale called

Working with Numbers is X307 plus items 1, 2, and 3 of X313. This scale

was labeled X307P to distinguish it from the pretest scale. The three

items were included as problems numbered 11, 12, and 13 on the posttest:

RN
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scale of 15 jtems. The scale statistics for X313 are given below (NLSMA

Reports, No. 4, 1968, p. 35).

- X313

- MEAN

ANALYSIS | (8 items) This scale is intended to measure
ability to analyze a problem situation and to apply knowledge

‘appropriately. This scale has two items in common with X304

and five items in common with X307. 1t is the same as X611l.

EXAMPLE: What number does ¢ stand for if
3 xhx 5= 12 x¢ is a true statement ?

(A) 20 (8) 0 (c) 3 (0)'4 (E) 5

- SCALE STATISTICS:

= 3.49 ° ALPHA = 0.55.  SAMPLE SiZE= 1332
ST.DEV=  1.85  ERR.MEAS= 1.21 .

I TEM STATISTICS:

ITEM INDEX 1 2 3 L 5 6 7 8
P ‘ 34 24 17 52 42 51 31 38
ADJ, P 34 25 77 52 k2 - 51 31 38
- BISERIAL 17 34 2 50 47 bl 34 09
‘PERCENT NT 03 0 0 0 -0 0 2
PAGE NO. 172 176 181 - 185 186 1856 188 188

I TEM NO, b 12 23 3 6 i 11 12



' The second scale in the posttest was called Five Dots.r‘The'desf
cription of the scale and statistics are given here (NLSMA Reports, No,

&, 1968, p. 34).

X308 FIVE DOTS (19 items; 15 minutes) This scale is designed to
measure ability to read a passage about a mathematical jdea
which is unfamiliar and to answer a series of questions about
this idea. {No sample item has been included since the intro-
ductory explanation is so lengthy.) It is constructed to be
logically paraliel to X715, : : -

SCALE STATISTICS: R

MEAN = 10,50 ALPHA = 0785 SAMPLE SIZE= 1330
ST.DEV= 4,68 ERR,MEAS= 1,78 o

ITEM STATISTICS: . _

LTEM {NDEX 1 2 3 4. 5 & 1 8 .9 ‘18

P 76 61 81 79 70 65 77 - 51 - 66 61
ADJ. P - 76 61 81 79 70 66 - 77 51 67 &1
BISERIAL . 60 52 69 59 59 61 69 . 68 - 68 66
PERCENT NT ] 0 0 0 0 0 0 .0 0 1
PAGE NO. 191 191 191 191 191 191 191 192 192 192
I TEM NO. 13 14 15 16 17 i3 19 a0 21 22
ITEM INDEX 11 12 13 14 15 16 17 18 13

P o 62 41 33 34 35 37 34, . b6 41
ADJ. P ° . B3 L1 33 36 36 kO - 37 52 47
BISERIAL - 68 52 54 L3 48 . 61 59 47 46
PERCENT NT 1 1 2 b 5 6 9 1Y~ 13
PAGE NO.. 192 192 192 193 193 193 193 193 183

1TEM NO, 25 26 25 26 27 28 29 30 31

The third scale on the posttest was é set of five ariﬁhmetic word 7
_problems. To obtain the problems fﬁr this séale; the authdf pilot-
tested 150 word problems in three different forms in two classes at the
fourth-, fifth-, and sixth-grade levels. Thirty.of the pfobiems were
éilot tested in one class at the fourth-, siﬁth¥, and eighth;grade
levels to determine the relative difficuity of the pfoblems. None of

the classes or schools in which pilot testing was done was included in

[T ——
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the main study. Five problems were.selected for use on the posttest.
The problems were chosen as being representative of their level of dif-
ficulty, in terms of the probabiiitj correct in the pilot tést, and.

their complexity in terms of the number of steps required for solution.

‘A copy of the problems in this scale, together with the complete post-

test, is included in Appendir D.

The follow-up test consisted of thrs: scales. The first scale,

‘Letter Puzzies I was a NLSMA scale. Its description and statistics are

given below (NLSMA Reports, No. &, 1968, p. 33, 54).

X601 LETTER PUZZLES 1 (22 items; 8 minutes} This scale'is d?signed
to measure ability to handle a novel mathamatical sn?uatlon.
It is composed of addition and subtraction problems in which
some or all of the digits have been replagced by letters. .The
task is .to determine all the missing digits. There are nine
problems with 22 answers which are not independent. All items
are completion items. This scale is similar to Y601.

EXAMPLE: ABB
# CB . '
178 A= B = _ c =

SCALE STATISTICS:

MEAN. = 10.68 ALPHA = 0,90 - SAMPLE SIZE= 1138
ST.DEV= 5.71 ERR.MEAS= 1,82 o _
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ITEM STATISTICS:

ITEM INDEX 1
P 81
ADJ. P 81
BISERIAL . B3
PERCENT NT 0
PAGE NO. 2638

ITEM NO. 1

2

75
75

. B0

268
2

3

72
72
52

268
3

-

79
78
53

208

4

5

43
43
66

268

1

6 7
33 34
34 . 35
7 70

1 .1

'268 2068
' 7

6

8 g. 10

4 15 49
- 75 b 50

68 69 68

- 268 268 268

8 8 .10

;'(cqn;fnged)

This scale is composed of nine two- and three-item clusters
The alpha calculated with

rather than 22 separate
ciuster scores rather than item scores is 0.83.

items.

There is a possible speed factor in this scale.

tation of the alpha and the error of measuremen

I TEM INDEX 11

P , 51
ADJ. P - 55
BiSERIAL 67
PERCENT NT - 2
PAGE NO. 268
ITEM NO. 11
ITEM INDEX 21
P 20
ADJ. P 29
BISERIAL 58
PERCENT NT . 32
PAGE NO. 269

ITEM NO. -2

13

b8

50
oh

268
© 13

2

.5 .

L5
51
76
11
09
15

17

- 31

2

39-

76

" 21

69
17

The interpre-

t is questionable:

18 19 20

27 30 39
35 - 38 57

77 73 37
21 21 32
269 269 269

18 13 20

——

e
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The second scale on the fqllow-up test, Directions, was another

of .the NLSMA tests. Its description and statistics are as follows

(NLSMA Reports, No. .4, 1968, p. 85).

X?IS DIRECTIONS (24 items; 15 minutes) This scale is designed to
measure ability to read a passage about a3 mathematical idea -
which is unfamiliar and to answer a series of questions about
this idea. {No sample item has been included since the intro-
ductory explanation is so lengthy. ) 1t is constructed to be
logically paral]el to X308.

SCALE STATISTICS:
MEAN = 15,16 ALPHA = 0,90 SAMPLE S1ZE= 1111
ST.DEV= 6.1 . ERR,MEAS= 1,83 : ,
ITEM STATISTICS:
ITEM {NDEX 1 2 3 "3 5 & 7 8 9 10
P 70 75 85 42 70 53 8% 78 67 &7
ADJ. P 70 75 85 42 70 53 83 78 67 47
- BISERTAL : 68 69 85 60 58 54 g8y .65 70 56
PERCENT NT -0 0 0 0 0 o -0 0 ] 0
‘PAGE NO. 339 339 339 339 339 339 339 335 340 340
FTEM NO.. 38 39 40 41 k2 43 4h 45 Ls 47
ITEM INDEX 11 12 13 1w 15 16 17 'ria"""zgr 20
p . 83 69 59 38 46 &9 J1 72 64 65
ADd. P 83 69 59 38 L7 50 12 73 85 66
. BISERIAL 35 70 56 38 70 53 72 - &L 0 77
-PERCENT NT 4] ] 0 0 0 0 1 1 Z 2
‘PAGE NO, 350 340 340 30 340 3490 341 341 341 341
ITEM NO, L8 L9 50 51 52 53 54 55 56 57
_VTEM INDEX 21 22 23 24
P 38 - 66 71 57
ADJ, P T 39 69 77 64
BISERTAL 53 - 79 71 56
PERCENT NT 3 5 8 11
. PAGE NO. - 342 342 342 342
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The third scale in the follow-up test was a parallel fqrm'of the
five-item word-problém test given in the postteét.. Thé problems were
identical in every respect exXcept thaf-the names qf tﬁe quaﬁﬁities_in
the problemslwere changed. The numerical values, the number of opera-

tions to solve each_problem,'and the order in which the problem state-

‘ment was given were parallel. Each problém and its pafallel had the

same number of words.: Thé problem-solving scale and the compiete form
of the follow-up test are includéd in-Apﬁen&ix E. .

Analysis. _The data were analyzed using povariance aqalysis.' The
assumptions upon which the analysis of covariance rests are (a) students

were assigned to methods randomly, (b) achievement scores had a linear

regression on the covariates within each method, {c) achievement scores

had a normal distribution for students with the same ability in the same

‘treatment; (d) the slope of the regression lines was the same for each

method, {e) variancés were homogeneous, and (f) achievement scores were

a linear combination of independent components that included an overall

mean, the treatment effect, a linear regression on the covariate, and an

' erfdr term (Eléshoff, 1968; Cochran, 1957).

In the present study, both groups were treated exactly the same ex-

. cept for treatment; since the booklets were handed out on a raundom basis

to students in each class. The control group received no treatment.
Concerning the assumptions stated above, there was no indication that

the regressions used were not linear. The covariate scales were inde-

~pendent of treatment effects since they were administered before the

treatments began. The achievement scores were assumed normal for each
group of students. The sample sizes were such that this assumption

seemed valid. The homogeneity of the regression lines were automati-
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cally checked by the computer program used to analyze the data. The
variances weré also assumed to be homogeneous;-and the achievement
scores were éssumed té be a linear combination of the.compqngnts listed
above.-

The analysis of covariance was run using the BMDX64 program
(U.C.L.A., 1967) on an IBM 360/67 computer at the Stanford Compuéation

Center by Mr. Ray Rees, Data Analysis Statistician for School Mathema-

. tics Study Group.

The covariates were the four pretest scales. The variates were the

scale scores on the posttest and follow-up test.




CBAPTER I1iI

RESULTS

This chapter begins with consideration of the reliability of the -
tests used, moves to the consideration of their inter-correlation and
the tests of some assumptionsrunderlying analysis of covariance;_and.
then presents data on the treatment effects on the_variate scales for.
each ecovariate.

In Chapter II the pretests; posttests, and follow-up tests were
&escribed and the Cronbach alpha for. each, whére available, was given.
Table 2 prasents for each testrthe alpha irom the NLSMA data and the
aipha computed from the data of the present study. For thé Figure Clas-
sification Test, no alpha was available from the NLSMA-data since the
test was not a part of that study. Similiarly, therwordéproblem tests,
P501 and F502, were developed specifically for this_study and therefofe
| were not.comparable with any existing test. As can be seen from Table 2,
the two sets of aiphas are comparable although the sample size in the
present sfudy is considerably smaller than.fhat in the NLSMA study.

The correlation coefficients among all criterion tests are presen-

ted in Table 3, All of the correlations are significant at the .01 level,

which indicates that the tests apparently measured similar performances,
_The'figurés in parentheses give the number of students in each group in-
dicated by the intersection of row and column.

The correlation coefficients of each of the criterion tests and the

covariates (pretests) are presented in Table 4. The N in this table indi-

cates the number of students for whom a complete set of data on all four

62
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TABLE 2

Values for Crombach's ¢ and N for each Test from
the NLSMA¥* Data and the Pregent Study '

ey

e, - —_—
e ———

) Cronbach o
NISMA Study Present Study
a L N
Pretests
| Figure Classification - -- -- .70 285
(x005) _ . :
Working with Numbers .68 1332 .59 285
(x307)
Hecessary Arithmetic .84 1465 8 285
Operations (PX217)
Hidden Figures I (Px218) .81 1461 LTT 285
Posttests _ _ -
" Working with Numbers .68/.55 1322 .65 265
(X307P) - - .
Five Dots (¥308) .85 1330 B2 265
Word Problems {P501} - - b3 265
Follow-up Tests - A .
Letter Puzzles I (X601) .90 1138 .88 260
Directions (X715) .90 C1111 .79 265
Word Problems (¥502) - ~— b9 265

“#National Longitudinal Study of Mathematical Abilities

##otal I for the present study
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TABLE 3
Correlation Matrix for Posttest énd Follow-up Test Scaleg :
Scales . 1 ) 3 3 5 6
Working with Numbers 1  1.000  0.548 0,426  0.397 0.435 . 0.500
(x307P) (2hh) (2hk) . (241) (225) . (227) (228)
Five Dots 2 1.000  0.385 0.475  0.507 . 0,43k
{x308) (2hh) (2b1) (225) . (227) .  (228)
Word Problems , 3 1.000° ~ 0.240  0.336  0.523
(P501) (2h1) (222)  (224) (225)
Letter Puzzles L 1.000 - 0.407  0.389
(x601) - (233)  (232)  (233)
Directions 5 1.000° 0.438
~ (x7115) . (235) . . (235)
Word Problems ' 6 RS 1,000
(r502) (236)

Note: The figures . in parentheses indicate number of students in each computation.

p(lrl> .19) < .001 for N = 2kk
P(lrl> .20) < .001 for N = 222

pr————

————— oty
h -1 - H

,n




TABLE 4

Correlation Coefficients for Each quttest'énd Follow-up Test
Scale with the Covariate Scales for all Students

- Scales ' i .2 3 L N
Figure.Classification (x005) 1
. Working with Numbers (X307) 2 -03
Necessary Arithmetic Operations 3 | 11 50
- (Pxe17) . | |
Hidden Figures (PX218) h -0% 49 35 _
_ Working with Numbers (X307P) - _09 66 53 X7 240
 Five Dots (X308) | 00 k8 k5 33 2ko
Word Problems (P501) -16 32 48 26 237
Tetter Puzzles (X601) - 01 45 b2 32 229
Directions (X715) _ 02 it hO'_ 36 231
Word Problems (F502) o -0k L7 58 31 - 232

—

N

_Note: Decimal points omitted.

P(irlt > .13) < .05; P{irl > .17) < 01, P(irl > 22) < .001
in a two-tailed test.



covariates and the criterion tests was obtained. For Word Problems (P501)

the N of 237 indicates that 237 studeﬁts had complete sets of data for

- all four covariate scales and the Word Problem (P501) scale. The fig-

ures indicating the significance level in Tablé 4 were éompiled'ﬁsiﬁg

the smallest vélue of N. Hence, for the larger N the va}ﬁes\are at  _-- 
least at tﬁe same level of significance-as those showp. 1Except for‘thé
Figure Classification Scale (X005), thé correlation coeffiqienté Qefe

all siénificant at the .00l level. The low or negé:ive correlation of

the Figure Classification Scale (X005) was surprising when compared with

the other scales, since that scale was intended to be a measure of 1

student's ability to discover rules and explain things. .it héé ﬁeen  -
assumed that this scale would be positively and strongiy.ébrrelgtedgwith
the other scales used.. The correlation cﬁefficients in.fablé-é éisé in-.
dicate that the Figure Classification Scale (XOOS) was not positively
and strongly correlated with other pretest scales. ‘Apééréntly the fac-
tbrs measured by each of the other pretest scales were qﬁite'different
from those measured on the Figure Cléssification Scale (X005).

The correlafion coefficients for each test fqr egch treatment with
each of the covariates are given in Table.s. The figure fof N in each
treatment group indicates trhe number of étudents.in éach group for whom

there were complete sets of data for the four covariates and the criter-

PR, PUSSEEN

e

ion test shown. Several patterns are evident. First is the negative cor--
relation of the Figure Classification Scale (X005) when compared with the
other tests for students in both the Control and Wanted-Given Treatments.

 This strong negative relationship is not evident for students in The Pro--

ductive Thinking Program. For boys and girls, the covariate with the

greatest number of highly significant correlations is Necessary Arithmetic

———



TABIE S

. Correlations for Each Treatment Group by'Variate Scale

Productive Thinking p;ogféﬁ ‘;

Boys N : Girls

_ 12 3 4 ' 1 2 3 I

Figure Classification 1 .

Working with Numbers 2 36+ - 08 .

Necessary Arith. Oper. 3 39 35 . _ ch 45

Hidden Figures L 32 55 29 -16 55 23 _
Working with Numbers (X307P) = 1k = ‘62%¢ 30 - 34* (40 ok 5o 55¥E  Lprx ghsg- _
Tive Dots (X308) 3B* 31 20 INES gho 2% Liwe  G3%% 20 L&
Word Problems (PSOL) 06 19 Ls*x 31 40) ok yowx  Lowx 1k (45)
Letter Puzzles (X601) Lowx  L3wx Lok kpx  (38) 11 13 32 11 (43)
Directions (X715) .23 51% . ko 3kx  (3B) -2 19 30 35%  (43)
Word Problems (F502) " Ok bix  58ex 2l 39) 29 b 62*—* 23 (43)

Mbdified Wanted leen Program .

Figure Clessification - 1 :

Working with Numbers 2 =22 . -ll

Necessary Arith, Oper. 3 -02 L8 _ 06 71

Hidden Figures % oL b3 . 35 -2h 58 54 _

Working with Numbers (XBOTP) <11 ¢ 63¥x 51wk 50k (LO) -1k . 77 TORE 62%%  (50)
Five Dots (X308} - -19 EL* Loxx - 24 (4O) =07 B2 Go¥%  LB¥%  (50)
Word Problems (P50L1) . -2L - 2h Shx% 17 (hO) -38%% Lgwx Lo 37ex (50)
. Letter Puzzles (X60L) -06 Gowx  SpxE  3g%  (30) © Ok AL S T 2
. Directions (X715) .06 - S 50% 0 39 (LO) 06 5O%*  GO®¥%  SO¥%  (4G)
Word Problems (F502) . =05 58%% 2wk 36* (uo) _ Oh 6O%¥® Bk So¥E (4Q)

. Control

Figure Clasgification 1 ' o

Working with Numbers 2 -43 , ' : : -18

Necessary Avith., Cper, 3 _' .29 3k . ' . 03 L& _
Hidden Figures L -39 . 52 ¥3 - =13 42 39 o
Working with Numbers (J307F) -53%% . EO¥%  LO¥ 38 (27) -33% To**  53%%  Shw¥x  (37)

" . Five Dots (X308) -hix 31 18 hox  (27) - -08 30 hgwx  3hx (37)

Word Problems (P501) -38 37 63%%  hox  (25) -32 25 bl 39% (37;
Letter Puzzles (X601) Coehow 32 3h e (26) “h7Ex Shoee 27 2 (3
Directions (X715) © .33 - 07 27 12 . (26) -3 3% 26 %% (35)
Word Problems (IF502) Bt S-L BN { k3% (26) - -25 bbx Saxk  Sh¥x  (35)

Hote: +Decimal points omitted,

¥P < .05 on a two- tailed test.
)‘-*P < ul

'1,9



Operations followed by Working with Numbers. The number of significant

correlations (P < .0l) of variate scales with covariate scales was -

highest for girls in the Modified Wanted-Given Program. The'onlj covari-

ate scale which ﬁas’consistently highly correlated (P < .0l) with Word

Problems (?501) was Necessary Arithmetic Operations. With the exception l

of boys in the control group a significant correlation (P <« .0l) exists
between the parallel form of the word problem scale'(FSOZ) and the same
covariate, Necessary Arithmetic Operations. Differences in the number

‘and pattern of correlation between criterion tests and covariates for the

' different treatment groups are also evident when examining Table 5. -

Overall, the greatest number of significant correlations (P < .0l) was

found in the data for students who received the Modified_Wanted-Giﬁen

- Program.

The F-ratios in eéch row of the first four éoiﬁmns of Table §.WEre
computed using a one-way analysis of variance.,,Ihe'sméll.differendes:iﬁ“
F-values in the first four columns were due.to the vafiatibn“in samplé o
éige.iﬁ each cell‘as described earlie?. Signifiéaﬁt relgtibhships.were

found to exist between the variate scales and two of the covariate scales,

"Figure Classificétion and Necessary Arithmetic Operations. The finding

that significant differences did exist between covariate scales suggests
that the use of covariance techmniques for data analyéis was appropriate.
The F-values for regression in Table 6 were computed using analysis

of covariance, As may be seen in the Regression Colunn there were no

~ significant differences due to regression. This indicates a lack of

heterogeneity and thereby satisfies one of the basic assumptions of the

covariance model. The complete analysis of variance tables for the co-

“variance -analysis -are included in Appendix F.
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TABLE 6

F-Ratios by Posttest and Follow-up Test Scale
for Fach Covariate and the Regression

Covariates
_ Work. Nec, Hidden
Tig. with Arith, Figures
~ Bceale Class.  Nos. Oper. = I Regression
Posttest _ ' . ' _'
Working with Numbers 3.02% 1,49 3.19%* 0.30 0.706
(x307P) | S
Five Dots (X308) 3.02% 1.49 3.19%* - 0,30 _ 1.559
Word Problems {P501) 2,98% 1.46 3.06% 0.3 0.869
Follow-up Test 7
Letter Puzzles I 4, 27*x 0,91 2., 78% 0.20 1.083
(x601) o : - _ o
Directions (X715) Lk ohwwr 1,1k 2.98% 0.22 0.802
Word Problems (F502) h.30%%x 1,07 2.95% 0.22 1.423
#P < .01

RHEP < .00
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The raw score means and standard deviations of qriteriqh scales and
covariates are shown by criterion test and treatménf group criterion in
Table 7. The adjusted score means for each treatment group are pfesented
in Table 8. The effects of the_covariance.adjustment éﬁ the means ﬁay bé
seen by comparing correséonding entries froﬁ Tables YIand 8.

The F-ratios for scale'mean, treatment effect,_sex, treétﬁent.x

sex interaction, and covariates with each criterion test are shown in -

_ _TaEle 9. One of the mean scbres, the mean for Word Problems (FSOZ), was

not significantly different from zero. This was a surprising result. -

There were no significant differences due to treatment on any of the

' vafiate scales at the .05 level or beyond. Significance at the 0.l-ﬂ_'

‘level on the follow-up test, Word Problems (F502), was indicated for

- students in the Modified Wanted-Given Program. The single'éignificant'

treatment X sex interaction (P < .05) was found for the posttest, Word

Problems (P50l). Boys in the Modified Wanted-Given Program gained sig-

- nificantly more than did the girls receiving that treatment.

The coﬁbination of covariates, labeled Total Covariates in Table é,
had a highly significant (P < .005) relation to the criterion scores.
When considered separately, Covariate 3, Necessary Arithmetic bperations;
was also found to have a significant (P < .005) relationship to each cfi—
terion score. lNone of the other covariateéfwas significantly rélated to
all the criterion scores. However, all covériates were significantly re-

lated (at least P < .01) to the posttest, Working'with Numbers (X307P).

The F-statistic for Word Problems (P501) and Covariate 1, Figure Classifi-

cation, was significant (P < .0l) for the posttest, but not for the follow-

_up test (F502). The scale Working with Numbers (X307) was not signifi-

cantly related to Word Problems (P501) on the posttest, but Was_signifi—
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TABLE T

Raw Scores Means and Standard Deviations on Variate and Covariate
Seale for Each Treatwent Group :

Al e

- Productive Thinking Program Wanteci-Given Program . Control Total
Boya Girlg " Hoys ’ Girla Boys Girls '
X 8 X 8 ¥ g X 8 X __s % 5 X s
. (N = ko) (0 = 46) (¥ = k0) (N = 50) (N = 27) (¥ = 37) (i = 240)
Working with Numbers (X307P) 6.071 2.63 6.41 2,67 6.57 3.0% 6.3k 3,17 6.04" 2,34 6.86 2,71 6.40 2.79
Figure (lassifications : 39,75 1110 k.30 9.68 38,47 13.35 2,85 9.30  L0.48 8.55 k5,92 8.80  hk2.09 10.53
. Working with Numbers 4,65 2.13 4.35 2.17 b5 . 2,85 b2 2.75 5.11 1.78 5.5 2,08 .76 2.27
Necessary Arithmetic Operations 7.15 3.8k 8.09 3.60 7.92 3.91 8,92 3.91 7.81 3.8 10,27 3.63 B.39 3.88 -
hidden Figures T o 6.05 3.92 6.22 3.1%  6.12 k.3 5.58 3.08 5.48 3.3k 6.1k - 3.43 5.95 .3.55
o . (¥ = %0) (v=46)  (n=b0) (8 = 50) (N = 27) (W=31) - (n-20)
Five Dots (X308) 10.95  .3.79 10,50 4,22 1147  b4.62 10.96 4.92 11,56 3.94 .27 3.92 1107 h.er
Figure Classification 39,75 11,10  kk.30 9.68 . 38.47 13.35  bka.8h 9,30 Lo.48 8,55 15,92 8,80 k2,090 10,53
Working with Numbers o L,65 2,13 4,35 2.17 .45  2.25 b2 2.75 5.11 1.78 5.52 2,08 . 476 2.27
Necessary Arithmetic Operatiohs 7.15 3.8k 8,09 3.60 7.92  3.91 8.9% 3,91 - 7,81 3.85. 10.27 3.63 8.39 3.8
Hidden Figures I 6.05 3.92 6.22 3.1k 6,12 L.us _5.58 3.08 5,48 3.3k 6.14 3437 5.95 3.55
_ (@=40) (¥ =) (g = hO)w (Nf 50) (ff Esgr (8 = 37) (v = 237)
Word Probl o1 1.05 1.11 .53 l.22 1.85 1, 1.5 1.09 1. 0, 1.7 1,10 1.652 1.19
F%"w;%ﬁgfgizm}m : 39.75 11,10 b4.24 9,78 38.k7 13.35 Lo,By 9,30  Lo,24 B.86 45.92 8.80  42.05 10.59
Working with Numbers L.65 2.13 L.k 2,09 kus 2.25 b.72- 2,75 5.2k 1.7k 5.54 2.08 4,79 2.26
Necessary Arithmetic Operations 7.15 3.8k 8.13 3.62 7.92  3.91 8,9k 3.9 8.16 3.77 10.27 3.63 8.5k 3.87
Hidden Figures 6.05 3.9 6.31 3.11 6.12 - 4.k5 5.58_ 3.08 5.52 3.37 6.1!473.1;3 . 5.97  3.55
o : (N; 32) (N = t3) (N3= 3?:;3 ' '9(N6= 29;7 10(1{; i6%3 11(191; gh)% m(:ghz 2'?59%&
Letter Puzzl o1 10,2 .11 9.95 L.77 10.3 . -7 . . 63 - . ‘ . .
“—nguii m—(;liisf?iﬁﬁfmi ' 40,05 10,68 45,00 9.40 36.67 1k.L5 k2,98 9,52 ho,73 8.60 46,06 9,00 k.02 10,90
Working with Mumbers Lorh o 2,11 bk 2,13 .69 2,27 48k 2,76 - 5.08 1.78 - 5.50 2.06 kB85 2,26
Necessary Arithmetic Operations 7.13 3.B6 8.37 3 8,18 3.81° 9.10 3.8 7.8 3.3 10,18 3.53 8.4  3.88
Hidden Figures 6,08 L,02 6.12 3.12 6.15 L.52 5.76 3.21 S.42 3.40 6.12 3.kk 5.96  3.61
. . (N = 38) (N = 43) {¥'= ko) (N = 49) (N = 26) (¥ = 35) {N = 231)
Directions {X715) - 13.21  L.66 12,77 k.07 13,80 4.66 13.65. 4,11 ° 13.69 3.70 13.63 428 13.4h k.25
Figure Ciassification : k0,50 10,86 - 45.09 9,40 36.55 1k.29 k2,98 g,52 Lo,73 8.62 6,09 B.87 h2.07 10.89
Working with Humbers L.63  1.99 hh7 2,13 - h67 2,25 b.BL 2,76 5.0k - 1.78 5.57 2.08 4.8 2,24
Wecessary Arithuetic Operations 7.18 390 8.3 3.97 8,15 3.77- - 9.10 3.85 7.82 3.93 10,31 3.57 8.52 3.90 .
fdidden Figures 6,00 Los = 6,12 3.2 6,10 WAy 5.76 3.21 5.42 3,40 . 6,26 3,48 5.56 3,61
(8=39) - (N=h3) (N=b0) . (Nak9) . (N=26) " (N= 35) {(§ = 232)
Word probl F502 oo | 133 1.2 1.6 .22 1,95 :.58. 1.86 1,14 ° l,h2 1,36 1.8 1.i3 1.69 1.33
mF;;ur—'n_e glaig‘ifﬁcmgn_ 40.38 10.7h  45.09 9,40  36.55 .29 L2,98 9,52 40,73 8.62 46,09 8,87  h2ioh 10.87
Working with Numbers L.7h 2,09 gvlﬂ 2-;? 18‘-67 2,25 3-84 E-'ég _-?gi :3“5??? 13.2']{, gg_? !ﬁhgg : ggg
meti i .23 3.8 .37 -3.87 A5 3.77 - 9.10. 3. . . 0. 3, . .
' giegg:fxa;{gﬁi;:me 1e Operations g.oo 3.99 6.12 3.12 6.10 LAt 5.76 3.21 5.b2 3._7!;0 6.26 3.18 5.9 3.61

IL
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TABLE 8

Adjusted Means for Bach Posttest and Follow-up Scale
by Treatment Group '

—

|

1.99 1L.79

Productive Modified -
‘Thinking Wanted-Given
Scale Program Program Control Total
, . | Boy  Girl Boy - Girl  Boy  Girl’
~ Posttest - S _'
Working with Numbers 6-30_ 6.7k 6.74 6.32 . 5.9 : 6.13 _6.40 :
: _(X30‘{P) _ | e _
Five Dots (X308) 1t.%2 10.80  11.81L 10.83 11.60 10.17  11.07
Word Problems (P501) 1.17 1..63  1.85 1.50 . L.k2 151 1.52
Follow-up Test ST
Letter Puzzles (X601)  10.7h 10,2h  10.48  9.59 10.37 10.96 = 10.3%.
Directions {X715) 13.68 12.90 1h,02 13.52 13.92 12.71 . 13.4k4
Word Problems (F502) 1.53 1.6k 1.52 1.5k 1,69
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TABLE 9

F-Ratios for Mean, Treatment, Sex, Tréatment-—Sex' Interaction
and Covariates for Each Variate Scale

Treat.-

Cov.

Cov.,

o Total Cov, Cov,
Scale Mean - Treat, Sex Sex Cov. 1 2 3 4 N
Working with Numbers 14, 48%¥ 1,35  0.07 - 1.08 63,83  3,90% 69.30%% 21 60%¥x  6,96%% 240
(x307F) - .‘ _ :

Five Dots (¥308) 17.56%%% 0,26 h,o11% 0.22 25.32%%% 0,04 18,78%%%  20.21%k% 1,47 2ho
Word Problems (P501) 9.99%%  LT1  0.23 3.48%  22.Loxex  12.59%x*  1.L6 L1, 96%xx 0,88 237
Letter Puzzles (x601) 7.07%% 0,38 0.18 0.'!+9 18.81%%% - 0,05 1h,71%0% 14, 05%¢ 1,82 229
Directions (X‘?lS)A 36.02%%k 0,42 2,49 0.16 18,85%&x 0,33 9.93%%  13.09%%* 5.61% 231
- Word Proﬁlems (F502) 0.49 2.67+ 0,03 0.51 36.14%x 0,71 11.16%%¢ 51,2086 3,42+ 232

+P < .10
*p < .05
HP < 0L
P < ,001

€L
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cantly related (P < .005) to the parallel form (f502) in the follow~up
test. This would seem to indicate an increase in the influence of com-
putational skills on ﬁroblem solving over time. Thé,covariate scéle_
Hidden Figures héd a marginal statistical relationship (P <I;10),With the
follow-up Word Problem test {F502}. |

Mean gain scores for two sets of scales were tested for signifi-

~cance. First, an item analysis was run on Working with Numbers-(XBO?P)

after the three items which distingdished it from X307 were removed.

The two tests were then identical. One ‘test was given as one of the
pretests. Four weeks later the other was given as a postteét. A t*\.
test of the mean gain scores on the two tests was computgd. No signifi-
cant differences in mean gain scores were found for any of the three
treatment groups on X307. _

Mean gains for the Word Prﬁblem test (P501 and ﬁSOZ) Weré.also
teéted for significance. Each of these tests_consisted of five word
problems. The only differenceé between items in each scale ﬁéfe_in the
nameé of things used in each problem.‘ Thé computation rgquired, the num-
bers given, the order of problems, and the number of words in each pair
6f problems were identicai. There were no’significgﬁt mean gains in
terms of mean number correct ip Word Problem sco?es over the seven-week
period between the posttest and follow-up test. The data.for the t-tests
are presented in Table 10. |

The lack of significant differences due to treatment is consistent

- with the null hypothesized, when one considers the findings from the

standpoint of mean number correct on criterion tests. The Word-Problem
tests were more difficult, on the average, than anticipated. The re-

sults from the analysis of mean number of problems correct were in-

conclusive, but favored the Modified Wanted-Given approach.
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- TABLE 10

Mean Gain Scores on Two Scales:
Working with Numbers and Word Problems

Treatment _ o Posttest- o
Scale Group N Pretest DPosttest Pretest = % daf,
| - 8 448 478 0.30  1.28 8
Working with Numbers = 2 93 k.59 L8  0.22  1.04h 92
X307P-X307 | 3 .. 6F . 5,36 5.11 - -0,25 . -0.12 6k
Total 2kl h4.75 1,88 - 0,13 0.97 243
Word Problems 1 77 136 151 0.5 1.00 76
F502-P501 -2 89 1.73 1.83 0.10 0.75 88
| 3 59 1.6l 175 0.1k  0.88 58

Total - 225 L.57 1.70 . 0.12  1.51 22k




-6

To get some insight into whether students tried to.follow proce-
dures presented in thg instructional treatments in.SOiving.each problem,
regardless of whether their_COmputatidns were‘right 6r Wrdng,'all sets -
of word-problem tests (P50l and F502) were analyzed. A correct procedure
was defined as a.series ofrmathematical operations that would lead to,é
correct. solution ;f the computation was correct at eaéh-stép.KrUsing the
correct procedure was independent of whether or not mathematical seﬁtén;
ces were used to "set up" the problem,

A new analysis of covariance was run to examine the effect of treat-

ment on procedure for all students on the posttest scale Word Problems

(P501). A significant difference was found (P < .001, Fy jgg= 12.04) in

favor of treatment groups 1l and 2. There was a significant treatment x

sex interaction (P < .05, Fp 1g9= 3.32) in favor of boys on P501. The ad-

justed means indicated that students, in particular boys, who were given

the Modified Wanted-Given Treatment were superior in achievement te those

who were given The Productive Thinking Program and the control group in
that a greater number of the students were evidently using a procedure

which would lead to a correct solution. A separate analySis of covari-

. ance was run, with the control group omitted, to test the significance

of the differences in means of Modified Wanted-Given Treatment over.Treatu
ment 1. The results were significant (P < .005, F1,146 = 6.23) in favor
of Treatment 2, the Modified Wanted-Given Treatment. Again, there was a
significant (P <« .025, F1,146= 6.03) treatment x sex interactiﬁn iﬁ

favor of boys. |

The results of an analysis of covariance on the follow-up scale

Word Problems (F502) indicated a significant difference in favor of the

treatment groups (P < .001, F2’207.= 7.87) seven weeks after the main

e
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TABLE 11

Adjusted Means on Word Problems (P501) for Procedures

-
o —

Treatment

Productive Thinking Modified Wanted-Given Control

Sex ' Program ' "~ Program

Boys 2.07 i 2,93 S - 1.60

Girls 2.28 2.31 ‘ 1.75
TABLE 12

~ ‘Adjusted Means on Word Problems (¥502) for Procedures

Treatment

Productive Thinking Modified Wanted-Given ‘Control
Sex Program Program
" Boys 2.68 .2.96 2.07

Girls 2.40 2.66 K 1.95
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study had ended. The adjusted means for the poéttest are shown in Table

11 and the adjusted means for the follow-up test are shown in Table 12.

In every case increase in adjusted mean scores from posttest to follow-

up test was suggestive of some over-all effect, such as maturity or in-

struction. There was no significant treatment x sex interaction on F502

for all three treatment groups. There were no significant differences

for the two treatment groups on the follow-up F502 when an analysis of
covariance was run with the control group deleted. There was a marginal

sex effect on F502 (p <.10, F1,152 = 3.77) in favor of boys. Evidently

the differences between the two treatment groups in terms of using cor-

‘rect procedures decreased with the passage of time. It is interesting

to compare the adjusted means for boys in both Treatment ! and the con-

trol. On the postfest_the adjusted means for girls were higher in these -

two groups. In the follow-up test the adjusted means for the boys were
higher. The adjusted means for girls increased most for the Treatment 2

group, but the scores for boys in this group did not increase as much

.on.posttest means as did the scores for Boys in the other groups.

Taken as a whole, the results seem to indicate some degree of in-

dependence of computational skill and solution'strategy in solving pro-

‘blems in arithmetic for fifth graders.




CHAPTER IV

SUMMARY AND DISCUSSION

Rationale., The study was intended to examine which of two ap-
proaches, both successful in their own area, waé the better method of
problem solving in mathematics. Researchers, such as Olton,
Crutchfield,_an& others have argued for the existence of a general pro-
blem-golving ability and for the transferability of the general problem-
sblﬁing skills developed through systematic instruétion to specific dis-
‘ciplines such as arithmgtic. The results of several studies have con-
firmed their position that students who receive instruc;ion in The

Productive Thinking Program apparently do become better problem solvers,

while other studies have failed to find any significant differences.
Failure to find significantly greater achievement levels in mathematics

as transfer from training in The Productive Thinking Program, in studies

‘to date, may have beenrdue:to the .fact that the mathematical tasks used
in somé df thesé studies were too simple to demonstrate the full effects
of the training. On the other hand, studies have shown that teaching stu-
dents:é'wantedugiven method of znalyzing word problems in arithmetic can
produce significant differences in achievement in solving one-step pro-
. blems. This study attempted to provide a setting rich enough to test
the hypotheses.stated below.

.Purgose. The purpose of this study Was'to‘testthe hypotheses
that: (a) there will be no significant differences in scores on posttest
-measures of prOblem;solving skills between students who receive training

in general problem-solving techniques.as presented in The Productive

79
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Thinking Program and students who are taught more specific skills for
solving problems in a total mathematics context using a Modified Wanted-

Given Program approach; (b) students in either of the treatment groups

-will not achieve significantly higher scores on measures of problem-

‘solving skills than students in control classes who receive no special

instruction in problem solving; and (c) there will be no sipnificant

differences between the achievement of boys and girls on tests of pro-

blem-solving skills in the treatment groups.

Subjécts. The subjects in this study were 261 fifth4grade students

‘from four schools in the San Jose area of Northern California.

Treatments. The treatments consisted of: (a) The Productive -

Thinking Program Series One: General Problem Solving; (b) the author's

- Modified Wanted-Given Program; and {c) the control group. Treatments 1

and 2 were prepared in programmed booklet form. Each student completed

oné booklet each day for the 16 days of the instruétiqnal period. A

pretest was administered before treatments began. A posttest was given

the day folioﬁing the end of the treatment period and a follow-up test

‘was given seven weeks later. Students were assigned at random to treat-

ments within classes in three of the schools. Students in the fourth

school acted as'a control, The results were analyzed using analysis of .

covariance.

Results, The results are first summarized in terms of mean number

of problems correct on posttests and follow-~up tests and later in terms

.of the procedure used by students to solve word problems in drithmetic.

On the basis of the data from the present study, the results indicate

. that Hypothesis 1 carnot be rejected. No significant differences due to

treatment, at the .05 level or above, were found on any of the posttests

1
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or follow-ﬁp tests. However, a difference at thé .10 level favoring the
Modified Wanted~Given Program ﬁas féund on thé follow-up test Word Pro-
blems (F502) indicating some degree of éupefiority of this tregtﬁent_over

The Productive Thinking Program, which was given seven weeks after the

posttest was given._

Differences between means on parallel forms -of the Word Problem
test given as part of the posttest and seven weeks later as part of the
lfollow;up test were not significant when subject to a t-test.

'Perhaps thg best indicator of a posgsible reason for the low-level
signifidance of the Modified Wanted-Given Treatment on the Word Probleﬁ
test is'tﬁe difference in significance of covariates for Wbrd_Problems
between the posttest and follow-up test. The ;ovariate Working with
- Numbers did not have a significant ‘relationship with the word:prébleﬁ,
~scale on the posttest.r The relationship was significant on the follow-
up test, This.finding tends to confirm an obserﬁationifrbm the.field;
ﬁhat"is, the study was begun'fairly‘early in the school year in an at-
temﬁt to cohprol any teacherhinitiatéd instruction on prpblém solviug.‘
-A:side effect was that the students involved in the study apparéntly
had had insufficient time.to-review their computational ékills, so that
their skills were actually below the level assumed by the writer when
he wrote and tested the problems. " While tHe results-of'the'pilot.testé
gave no indication that the computational level was too difficult,
.clo;e'examinatioﬁ of the instructional booklets used in the Modified
Wanted-Given Treatment indicated that many of the children had difficulty
muitiplying by two nﬁmbers, while others had difficulty with long divi-

‘sion.
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Hypothesis 2 cannot be rejected, There weré-no significant differ-
ences in achievement between treatment groups_aﬁd.thé contrél_group on
any of the posttests ér follow-up tests. While the adjuétéd meané on
Ehe word problem test for the control group were somewhat loﬁer than
those for students in the Modified Wanted-Given Program, the scores of

the control students were higher in corie case than for those students in

The Productive Thinking Program.

of fhe six criterion tests, oniy one,. Five Doté'(XBOS),'had a signi-
ficant (P < .03) treatment x sex effect. In terms qf'the statement of
Hypothesis 3, this was not considered sufficient evidence to warrant re-
jection of the hypothesis. This was the only one of the six possible
tests for which significant sex effect was found, and.since.both,Wbrd
Problem scdles had low F values, Hypothesis 3 should not be rejected.

Two subsequent anélyses, using covariance adjustmeﬁt, of the proce-

dures employed by students to solve problems in the Word Problem scales

P501 revealed significant differences (P < .001) in favd;'of the treat-

ment‘groups'over.fhe control, and a significant difference (P < .005) in

favor of the Modified Wanted-Given Program over The Productive'Thinking
‘Program. Students who were given the Modified Wanted-Given Program treat-

ment tended to use correct procedures to solve the mathematical word pro-

blems significantly more often than did their peers in either of the

‘other two groups. This significant finding tends to confirm the valid-

ity of the instructional approach'used.in the Modified Wanted-Giveh ‘

Program, at least in the short term. The sigﬁificanCE-level in favor

- of the treatment groups over controls on the Follow-up test F502 was

also .00l. However, the difference in favor of the Modified Wanted-

—
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~Given Program ovérfThe Productive Thinking Program éﬁ the fpllow—up test
'was not significaht at the ,10 level, when cémparing the two trea?ment
groups. There was ﬁowever,ﬁa treatment x sex interaCtion,(E.<-.10) in
favor of boys in the Modified Wanted-Given frogram. The effects of in-
struction and possibly maturation during the interval beﬁore the follow-
up test, may account for these findings, since all adjusted‘meanS'were
higher on the follow-up test than on the posttest. This may indicafe a
greater degree .of independencé between‘computational facility and problem-
solving ability in terms of knowing how to go about solving a probiem
l'than.was previously susPecfed.

Limitations. .The data analyzed and repofted in the present.study

- were collected from students in.schobis in a predominately white, |
~middle-class socioeconbmic-area.— All students in fhe study were fiffh
-graderéw Furthermﬁre, the extremes in terms of giftedrand handicapped,
whether physical or educational, were not included in the-data reportéd
-here. ‘Any conclusions'one might wishrto draw must.of necessity be made
‘with the chéractéristics of the sample popﬁlation clearly in mind. Per-
haps the most importént limitation was the finding that hone.of the
pilot study-groups'reportéd the computational difficulty with the pro-
‘blems presented iﬁ the Modified Wanted-Given Program tfeatment that
-stﬁdeﬁts in the main experiment reported. Had the study been deiayed
until after Christmas, thus permitting teachers fo complete a thorough
review of the basic computational skills in each blass, significanﬁ.ef-
fects in terms of the number of problems correct on each scale might
have resulted.

Conclusions .and Tmplications. On the basis of the data presented

and within their limitations, it would appear that teaching problem
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solving in mathematies to fifth graders can best be done in a mathema-.

tical context using a wanted-given approach. One should not necessarily

- eXpect gains in the number of problems correctly solved, unless the

teaching of problem-solving strategies is accompanied by instruction in
the apprdpriate computational skills, The independence of these two
factors seemed to be demonstrated when student$s in the experimental

groups who were using a correct procedure to solve problems often failed

to obtain significantly more mathematically correct answers, due to com-

putational errors, than did the control group. .

_Providing systematic instruction in probiem solging was more effec-
tive in this study in helping students to use correct procedures than
hot providing systematic iustruction.  This would seem to say that those
who contend tﬁat students learn to solve probleﬁs.By simply doing lots
of problems may in fact be taking the long way home. - Students may'leafn
to solve problems that way, but students in the presenf study who re-

ceived either treatment used appropriate strategies much more often

(P « .003) than did the control group. This does'not_mean however, that

following any Vsystematic" program will produce better results than sim-
g any pxog P

‘ply having students solve lots of problems.

Sugcestions for research. The question of the significance of com-

putational difficulty in problem solving in mathematics is an open issue.

Students in this study were sometimes observed fto block when faced with

. a difficult computational exercise, and as a result, were unable to pro-

ceed at all toward the solution of the problem.
The effect of wording in problem statements is still largely un-

known. It is clear, from the pilot study work done here, however, that

.8imply reordering the sentences in a problem statement can significantly

affect_the difficulty level of a problem.

g m
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' The effect of a student's age and the_approach used in this study
remains open. Torrance, as mentioned-earlier,:suggested th;t after the
nsixth grade studenté éppear_to reach a plateau iﬁ prob;em-§olving
achievement when the treatment vehicle is a series of programmed les-
sons such as those use& herein. His studies were gll'céncerngdrwith

general problem-solving ability. It would be most interesting if_oné

could determine age-boundaries in the effectiveness of a programmed ap-
.proach to instruction in problem scolving in mathematics if indeed'such

~boundaries do exist.

. A large number of other questions which relate to determining the

relative difficulty of word problems remain to be answered. That is,

what variables can one identify that influence the-difficulty of word

problems for students? Some of the varigbles that might be ihvestigated
are the number of words used im the problem statement, the syntactic
difficulty of the sentences themselves, the sequence of problems pre-

sented, the number and type of operations required for solution, the -

;mémory load imposed by the problem solution sequence, the discrepancy
- between the order in which the numbers are giveﬁ in the.problem.étate-

ment and the order in which they must be combined in binary operations

for the solution of the problem, and many others. Some of these vari-

ables are currently being considered by researchers, and others will no

doubt be ‘considered in the near future.

- The suggestion of the semi-independence of computational skill and
procedural ability of students is very interesting. In most_casés, in
the author's exﬁerience, problem-solving tests are scored solely on the
basié of the number of problems solved correctly, and no attemp£ is

made to examine the procedures students may have been using. It may be
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that students are often taught how to proceed to solve problems cor-

' rectly, but their new knowledge of how to solve a pafticular set of

problems may be masked by the presence of éomputational’errors{ ‘Com~
putation and problem-solving ability may be highly correlated as,ﬁany

studies show, but the best measure of skill in problem solving'will be

‘one which brings-to light the procedures used by students to solve pro-

blems as well as to give the correct answers. Studies of the sort re-.

ported here are needed to confirm or counter the differences noted above.

If the findings and conclusions are supborted'by other étudies,-then work

should begin on theldevelopment of new measures of problem solving--

measures that evaluate both computation and procedures.
p p

EETE TS
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"CHAPTER V

REVIEW OF RESEARCH IN PROBLEM SOLVING

ON A COMPUTER-BASED TELETYPE

The first attempt at'IMSSS to gpply the linear régression model
described in Suppes, Jerman, and Brian (1968) to the analysis of word

problems in arithmetic was reported in Suppes, Loftus, and Jerman (1969).

A gecond study-on word-problem variables using regression models was .

reported by Loftus (1970). What is desired from models of this sort is
that they identify and define struectural variables thaﬁ are sﬁépected to
accoﬁnﬁ.for diffefenées in the level of difficulty for a variety of types
of word problems in terms of the structure of the problem itself. That
is, one would Like to attach weights fo the several objectively defingdA
vafiables ﬁuspected of contributing fo the relative difficulsy of_ther_
problems,-andrthen to use-the estimates of the variables in predictiﬁg'
the relative difficulty of a large numbef of prbblems.__

A discussion of the regression model is not given here, since it
has been.deScribed in-detail’ in the three referenges cited above. . Rather,
the focus of this.éhapter is on a review of the variables used in the

first two of the previcus studies, on their definitions, and on how

well each accounted for the variance observed in data from a new set of

-problems'not solved at a teletype but in a regular classrcom using paper

and pencil. Some additional variables which were developed and used
later are also discussed.

87
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The variables used in Suppes, Loftus, and Jerman (1969, p. 7) were
aé follows.

X. Operations: the minimum number of different operations

1
required to reach the correct solution;
.X2 Stgps: the minimum number of sﬁeps required fo
A reach the correcﬁ solution;
X5 Length: ' the number of words in the problem;

Xh Sequential: assigned a yalue of 1 if thg problem is
of the same type (i.e., can be solved by
the same operation(s)) as the problem that
preceded it, and O otherwise; |

X5_ Verbal—Cue; assigned a value of l—if fhe proﬁlem con-
tains ‘a verbal cue to.fhe 0perafioﬁ(s)‘
reguired to solve fﬁe problem, and O
otherwise;

X6' Conversion: assigned a value of.l.if a éonvérsiénuof-_
units is required fo solfertﬁe proﬁléﬁ, |

and O otherwise.

The 1969 study reported the results of the goodness of fit for 68

word problems which 27 gifted fifth-grade students solved as part of their

' daily CATI program. The regression eguation for all 68 items was

* : * *
zg = -7.36 + .87}{11 + ..18x12 + .oexi5 + .26xi5 + 1.1+2Xi6 .

The multiple R was .67 with standard error of 1.75, and an B of A5,

The © value for the 68 items was 555.76, indicating a rather poor fit. -

for the model.

-
indicates significance at the .05 level.

e ——

et e

i

e



89

Perhaps one of the variables in the agbove set which'requires a
‘description for clarification is XS,_verbal'cue.. The following words

were considered cues,

Word _ Cue for
and ' addition
left subtraction
each ' multiplication
average

or division
each

The COnversién-variable was defined for the situation in which the
student was to recall a fact from memory, sﬁch as 1 ﬁeek =7 days._ This_
conversion, or sﬁbstitution of units was a.O,Il;variable. |

Several peéple in the'Instituté Eecame iﬁterested in formulating
variables and testing their goodness of fit on tﬁe data from the Suppes,
:Loftus,.and Jerman (1969) study. In'partiéular, Dr. Barbara Searle
formulated and.tested several variébles using the data set from the
1969 stody. The set of variables-sﬁe testedzconsisted of a mixtﬁre of
some of the asbove variables and some ﬁew variables whichrshe formulated.
The varisbles were defined as followsi |

Operationsﬁ | the minimum number of operations required to

| | reach a correct Sdluﬁion (falues range 1L-4).

Steps: fhe-minimum number of-binary'ope£ations,rsteps,

needed to reach a solution (valué'range 1-7).

- Length: the number of words in the problem (value range

7-51) .




Conversion:

Verbal cue:

Order:

this factor is present if a conversion is required
and the eguivalent units are not given in the
problem (a O, 1 variable).

the cue for each operation is ag follows.

Operation ' Cue words
Addition: addéd, altogether, gained
Subtraction: how much 1essq“103t, left
.Multiplicatibn: each

Division: average

If a cue word was present the value was 1, other-
wise C.

If the steps to solution were ig‘ofder ésugiven

in the problem statement, the value was i,'”f

Formula:
Avgfégg:
Additioﬁ:

' “Subtraction:
-'M_ultiplicationﬁ

"Division:

otherwise 0.

If knowledge of a formula wés req;ired, the_ﬁalue
w?é 1, otherwise 0. -

If tﬁe problem statement coﬁfaiﬂéd'thé'ﬁofd. .
"avérage" the value was 1, other@ise.o.

If-the problem reguires addition; the falae is.l,
otherwise O. o

If.the problem requires subtraction, the.§alue is

1. otherwise O.

If the problem requires multipliéation;-the value

is 1, otherwise O,
If the problem requires division, the value is 1,

otherwise 0.

P
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Seguence: If the problem is in unusual order, the value

is 1, otherwise 0.

Three of the problems in the orlginélﬂsét of 68 were deleted due

to their very high NG values. - The following variables wefé tesﬁed oﬁ
the data from £he remaining 65 problems.

Of the 16 variables in the expanded set, 12 were entered by the.
stepwise'fegression progfam, BMDO2R. The vaiue of.the multiple R was

.820. . Three additional variables were formulated after studying the

weights of the variables, their coniribution to the total R2 and their

definiﬁions,f Two of these, Sl and 52,,were sequential variables; the

third was .a memory variable. The definitions for the three additional

variables follow. .
| Memory (M) is defined .as the sum of:
| C  the number of conversiﬁns + kndwledge of formulés,
-D. the number of numerals in the problem statement,
O the number of dlfferent operations.
Sl is defined as the number of displacements of deer-of:

operations in successive problems.

Examples:
5440 54510
'5,LLJ‘S]_“1 I;.+6}_Sl_'0
(G+4)y x2 (3 +4) g2 e
(3 + &) 158 =1 (3 xl)+2 572

:82 is defined as the number of displacements between order of

operations required and that given in the problem statement

itself.

o1

The results of the stepwise regression using all the variables which
contributed at least .01 to the variance in K2 on the data from the set

of €5 original problems are presented.in Table 13.
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TABLE. 13

Results of Stepwise Regression on 45 Word Problems

‘A. Three additional variables alone

~ Btep

Variable

19 memor

17 sl
18 s2

“B. Ovef—all;variables

‘Step

-
= O

12

oI I NN N R L

--Variéble

L opers

8 vblea
L%

15 divis

6 lenth

_ * .
10 formu

17 sl

7 convr

18 g2

*
14 multi

19 memor

*
12 add

16 seque -

.hgi
501
513

'R
657
.697
.729
761
85
.805
.85
835
.838
.80
L8
Bho

Increase
Cin ®
SLekl
,010
012

Increase

in R2

431
:.055-
046

LO47

038 -

032

.032 _i_'»'

.016

005
.00k

.002
.001

Last reg.
- coefficient

0.106
2. 0.073
0.087

Last reg..
coefficient

.199
262
.299
.018
.879
130
;-554
127

- -.090

- -.0:8
L0863
-053

—
‘Variables suggested by Dr. Searle.

s
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In Part A in Table 13 the last three variables are presented alone.

The total R for the three was .5L. Part B shows the results of the step-

‘wise regression using all variables. Only those variables are considered

important which contributed to at least .0l increédse in R?. Although the

value of the multiple-R term for all 12 variables was fairly high, .8L2,

the number of variables entéred did not increase with the addition of fhe
ﬁhree rew ones. Rather, the three new vériables entered instead of otheré
and the resulting R increased from .820 to 842 (R? = 0.709). A total of
19 variables had now been formulated and_tested on the original data. In
addition to-thoseldeSQribed above, thg following_were'formulated and
tested. | . |
Operations 2: The sﬁm of the following.
1. The number of different operations;
2. Add L if one of.the operations is diﬁision.
Adg 2 if one of the 5perations is multiplication.
‘Add 1 if one of the operations is addition. N
Order 2::7The sum of tﬁe following.
L “Sl L
2. Verbai cue necessary ﬁo_establish a new order. One
ﬁoint for each direct . cue missing for each.step.
Recall: The. sum of the following.
1. One count for a formula to be recalled and one count
for each'steﬁ in the formula, e.g., A ; 24 + 2w = 3.
2. One count for each conversion to be recalled and used.

‘3. One count -for each fact recalled and used from a

previous problem.
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Verbal cue 2: The set of cues was expanded. However, one count
was given for each cue present in>the pfobleﬁ.'
Addition: added, altogether, gained, total. |
Subtractioﬁ: how much less, lost, left |
how much larger ... than
how much smaller ... than
how much greater . thani'
how much further... than
Multiplication: each, times
Division: 'average
Distractors: This variable was defined as one count for each
verbal cue which waé not a cue for an opération,
but a distractor. For example, if the word
"average” was used, but multiplication rather than
division was the reguired opération;

A complete list of variasbles, by nupber, Follows.

Variable | Name S Variable - Name

1. P(correct-cbserved)  12. Multiplication
2. Operations' o 13. - Division
3. Steps 1k, ~ Sequence

ok, Length 15. Sl'
5. Conversions 16. 82
6. Verbal Cue : 17.°  Memory

7. Order , 18. . Operations-2
8. Formula ' 19. Order-2

.9. “Average "__. 20. Recall

10. Addition | 21. Verbal Cue-2

- .
]_l

Subtraction

22.

- Distractor Cue
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It appears from observing the values of R and the increase in R2

with each step that there is relatively little gain after the tenth
step in either Table 13 or Table k. In fact if one were to adopt the
_rule to consider as»important only thosé variables whose contribution
to the increase in R2 was .0OL 5r greater, then the‘first gigh?'yariables
;in Table 13 and.the first nine veariables in Table lh would éomprise the
gset of variables of interest in each case. | |

It is most interesting to examine the order of entry of the vari-
‘ables in each case, and at this stage, it is impossible to explain the
differences. About ail ﬁe can saj to the reader is "behbld." The |

following list ranks the variables under discussion for ease of com}_

parison.
From Table 13 : From Table Ik
~ Step ‘ R Step ' R
1 Operations..... . 65T—— 1 Operations . .657
2 Verbal Cue .697 2 - Conversioms .702 .
3  Division_ - ILength LTk
4 Lengt i 4 Order 2 ... 780
5 Former 785 5 Pivision - .805
6 8 / 805 6 s, 821
T Conversions .825////,//7 Order ‘ .829
8 By _..035 8 Memory -835
' | 9 Distractor Cues .841

At this point, note that the variables which appear to be the
.most robust are length, division, S2 the internal seguence variable,
and-cbnversions. Memory and distractor cﬁes may or may not play
important roles in subsequent -analyses for studenﬁs working at teletype

terminals.
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TABLE 14

Summary Table for the Stepwise Regression on 65 Items

. Step Varisble Multiple é ' Increa:e f Value TLast -Reg. _
Wum. Name Ent. Rem. R R in R For Del Coefficients
1 Oper 2 0.6566 0.4%11  0.k311 - 47.7% 0.182%

2 Convr 5 0.7021 0.4929  0.0618 '7.559 0.5517
'3  Lenth b 0.7405  0,5483 0.0554 7;h88" - 0.027k
bk Order 2 19 0.780%  0.6090 0.0607 9.%21 0.1k27
5 Divis 15* 0.8050 0.6480 0.0390 6.516 - . 0.3841
6 sg‘ 16 0.8213  0.6745 0.0265 h;749 70.1791
7 Order 7 0.8288 0.6869 0.012% 2.232 -0.1k01
8  Memory 17 1 0.8349  0.6971  0.0102 1.872 ~0.08%39
9 Dist 22 0.8409 0;7071 0.0101L - 1.984 -0.%052
10  Recal 20 0.84kk  0.7130 0.0059 - 1.105 - 0.1455
11  Verblc 6 0.8457  0.7152 0.0022 C0.h1k -0.1035
12 Verbl 2 21 0.8477 0.7186  0.0054 - 0.629 0.1350
13 8, 15* 0.8498 0.7222 - 0.00%6 ..0,641; 0.0k82
1 Aver 9 0.8504 - 0.7232 = 0.0010 0.202°0  -0.1551
15 Oper 2 18 0.8513  0.7247 0.0015 - 0.26L.° -0.0328 -
16 Sub i 0.8520  0.7259 0.0012 = 0.197 -0.0607
17 Seq 1k 0.8527 0.7271  0.0012 - . 0.210 0.0865

18 Steps 3 0.8529 " 0.7274 0.0003 0.063 0

{

Variables suggested by Dr.

Searle.

.0306
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CHAPTER VI
APPLICATION OF STRUCTURAL VARITABLES TO WORD PROBLEMS

SOLVED IN A PAPER-AND-PENCII CONTEXT

The research reported in Chepters I-IV was conducted entirely off-

line,'in a paper-and-pencil mode. Ih the course of the treatment,

students worked through several sets of word prcblems that were evaluated

as tests of their achievement, but were not labeled as tests. :Other sets
of word problems were lsbeled as tests and were included as part of the

posttest and follow-up test instruments. The following is a report of

‘an analysis, using the variables defined in Chapter V, of one set of

‘word problems that tested the generalizsbility of the model to eff-line -

situations.

Twénty—nine probleﬁs were seiected for analysis. iOf;these problems,
-19-wére.éoived by students (N = 20) using paper and.penéil;:-The.i9rprob-
lems.wefe part of the inétructional tréatmént provided by the‘Modifiédf
Wanted-Given Program; and ﬁhe remaining 10 probléms.came'from the-two
test scales P5OL and F502 (N = 161). Eleven of the varisbles used in

the earlier analyses were tested on the word pfoblems solved off line

' to see if their order of entry in the stepwise regressién was at all

similar. The variables selected for testing were the following.’

2. Operatibns 2 8. Length
3. Order 2 9. Verbal Cue (as defined by
Dr. Searle)

L., Recall ' . 10. Conversiom

g7
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5. Sl o 11.. Formula
" 6. Memory 12. Division (as defined by Dr. Searle)
T 5,

The results of the stepwise regression using these variables are
summarized in Table 15. As can be seen, Length, the nuntber 5f words in
the statement of the problem, entered first followed by Memory,.sé, Sl’
and Verbal Cue. The total R after ﬁine steps was .?7, R? = .595. This
was somewhat surprising and grafifying. The variableé accountingrfqr

‘most of the variance on line were also effective, théugh at.a'lower level,
for accounting for most of the ﬁariance off line whefe thé students-did
all the required computation by hand. The observed and ﬁfedicted.r

_ probability.cofrect for each item is shown in Table 16. o

The conclusions must be recognized as artificial, howéver. While

the students did in fact solve all 29  problems, they solved only'the first

19 at one sitting. The last 10 problems were solved 5 at a time, as post- .

test and fqllow-up tests, seven weeks apart. The sequential.variabie is
not correct, ﬁhereforé, for problems 19 and 25. Othérwise thé fariablé
values are the same aé if students had taken the entifé éet of problems

at cne time. However, the results cannot be interpfeted as beiqgicoﬁstant
for students who would solve all 29 items ai one sittingf Only thé vaiues

of the variables are the same.

e —
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Summary Table for 29 Word Problems Administered in

“TABLE 15

Paper-and-pencil Format, 11 Original Variables

Multiple

Increase

Step Varisble o © F Value- Last Reg.
Num., Name Ent. Rem. R R in R For Del Coefficients
1 Lenth 8 0.5487  0.3011 0.301L 11.653 0.0207
.2 Memor 6 0.5938  0.3526 0.0515 2.069 0.1588
3 8, 7 0.6672  0.4u455 0.0926 _ h.167 -0.3048
b8, 5 0.6977 0.4868  0.0416 1.9%9 -0.1379
5 Vblew 9 0.7399 0.5475  0.0607 3.082 0.5784
6 Oper 2 2 0.7549 . 0.5699 0.0224 1.148 0.0962
7 Recal L 0.7661  0.5869  0.0170 0.863 -0.2790
8 Convr 10 0.7708  0.50%1  0.0072 . 0.356  -0.0797
9 Divis 12 0 0.0008 0.038 _0.0857

| 0.5949

L7713
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TABLE ‘16
Observed and Predicted Probabiliﬁy Correct for 29

Word Problems, 11 Original Variables

~

Case Num,  Observed Predicted Reéidgal |
1. 0.2660 _o.éil6 ©0.05kL
2 0.2k10 o.Mkg1 - - .0.2081L
3 0.3100 0.3437 -0.0%37
b 0.6200 0.3835 - 0.2365
5 0.2300 0.4580 ~-0.2280
6 ' 0.3720 ' 0.4066 ~0.0346
7 0.0100 0.1297 0.370%
8 0.7770 0.6099 0.1671
9 0.1740 0.2201L ~0.0461
10 0.5600 0.5600 0.0000
11 0.5380 0.35k2 0.1838
12 0.1150 0.168L -0.0531
13 0.0870 0.0870 0.0000
1k 0.1000 0.1692 -0.0692
15 0.0710 0.1180 ~0,0470
16 0.2¢40 0.2013 - 0.0927
17 0.1660 0.2939 ~0.1279
18 0.0100 0.5333 ~0.0333
19 0.0590 ' 0.0989 -0.0399
20 0.4380 0.378% 0.0597
21 0.244%0 0.3652 -0.1212
22 0.4540 0.3325 0.1215
23 0.3550 0.3967 ~-0.0817
ol 0.1050 0.1440 -0.0390 -
25 0.3410 - 0.3783 -0.0373
26 0.3770 0.3%652 0.0118
27 0.5170 0.374h 0.1426
28 0.3870 0.3967 -0.0097
29 0.1610 0.1228 ' 0.0%82
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In an attempt to. improve the fit, two new variables were defined.
The first, Verbal Cue-l (No. 13), was a redefinition of Dr. Searle’s
variable. It was essentially the definition used in Verbal Cﬁe-2_except
that it was a O-1 variable rather than a fregquency vériable as is Verbal
Cue 2. rThe second new variable (No. 14) was a combination’of‘Verbal Cue

1 and indirect cues, such as 'in all,” for addition, "short of ...,"

for

subtraction and_"per ...,ﬁ for muitiplication. The resuits of the regres-

sion analysis on the 29 problems using 14 variables are shoﬁn in the

summary TableILT. The increase in the value of R éue to the addition

of the two additional variables Wés small, almost .0% (.771 to .799).

The observed and predicted scores for each froblem:are shown in.Table 18.
TABLE 17 |

Summary Table_for 29 Word Problems Administered in

Paper-and-pencil Form, 1% Original Variables

Multiple . Increase

Step  variable F Value Last Reg.

-Num. Ent. Rem. R Re_‘ _ in_R2 : For Del. Coefficients
1 8 0.5487 . 0.3011 0.3011. - 11.633 0.0270
2 6 0.5938 0.3526 0.0515 2,069 0.2115
3 . 7 0.6672 0.4452 0.0926 - ha6T -0.2184
u 5 0.6977  0.4868  0.0416 1.949  -0.1845
5 9 0.7399  0.5475 0.0607 5.082  0.5859
6 1k 0.7688.  0.5911 0.0436 2.350 . -0.0761
7 2 0.7872 0.6197 0.0286 _ 1;577 0.0%29
8 10 - 0.796%  0.63k3 0.0146 0.797  -0.1165
9 13 0.7974 0.6359 0.0016 0.080 . -0.1k53

10 12 - 0.7986 0.6378 0.0019- 0.100 - 0.1586.
i1 0.7991 0.6386 0.0008 - 0.03k4 -0.1257
12 3 0.7993  0.6389 0.0003 1 0.013 -0.0085
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TABLE 18

Observed and Predicted Probability Correct for 29

Word Problems, 13 Original Variables

. Residual

Case Nuwm. Observed Predicted
1 0.2660 0.2333 0.0%327
2 0.2410 0.4579 -0.2169
3 0.3100 0.2820 - 0.0280
b 0.6200 0.4387 ] £ 0.1813
5 0.2300 0.373k4 -0.143%
6 0.3720 0.3539 0.0181
T 0.5000 0.1335 0.3665
8 0.7770 0.5531 ' 0.2239
9 0.1740 0.1841 ~0.0101"
10 0.5600 0.5600 0.0000
11 0.5380 0.3984 0.1396
12 0.1150 0.1788 -0.0638
13 © 0.0870 0.0870 .0.0000
14 0.1000 0.1862 ~0.0862
15 0.0710 0.1292 ~0.0582
16 . 0.2940 0.2633 0.03%07
17 0.1660 0.3195 -0.15%5
18 0.5000 0.5403 - ~0.0403
19 0.0590 0.077% -0.0183
20 04380 0.4312 -~ 0.0068
21 0.2440 ©0.297h -+ - -0.053k
22 0.4540 0.3782 0.0758
23 0.3550 04277 - -0.0727
ol 0.1050 0.1267 ~0.0217
25 0.3410 0.4312 ~0.0902
26 L 0.3770 0.207h 0.0796
27 0.5170 0.4h2g 0.07k1
28 0.3870 0.h277 —o;ou07'
29 0.1610 0.0999 0.0611

e, PR———
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‘Two variables described earlisr, Verbal Cue-2 (No. 15) and a

‘distractor variable {No. 16), were added to the regression. The results

of the regression using all 15 varisgbles are shown in Tables 19 and 20.
The value of R increased from .799 with 13 variables to .83% with 15
variables.

The practicality of taking into account more than four or five

variables when writing word problems is impossible, even if they were

able to account for a larger portion of the variance than that indicated

in Table 19. C(Clearly, the fit of the variables selected and tried thus

‘far was less than satisfactory. The fact that the off-line students

performed all éomputations by hand led to the definition of four new

computational variables. These Tollowed the work reported'in Suppes

and Morningstar {in press, Chapter III). The variébles were:
17. EXMC. A 0-1 variable. A éount of L ﬁas assigned for
~each multipliéation-exercise.required in the solution
of -the problem. Zero Was_assigned if-multiplication
was'not_required;
18. NOMC2. A count of 1 was assigned each time a regrouping
oécdrféiiﬂ;each multiplication ekerciéé in tﬁe problem.

For example:

$
no

- 190 NOMC =

150 NOMC = 3
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TABLE 19
Summary Table for 29 Word Problems

in Paper-and-pencil Format, 15 Original Variables

PSS

Step Variable Multiple o Increage F Value Last Reg.
Hum. Ent. Rem. R R in R For Del. Coefficients
1 8 0.5487 0.3011 0.3011 11.633 . - 0.0408
2 0.5938 0.3526 0.0515 - 2.069 S 0172
3 0.6672 0.4452 0.0926 bh.167 -0. 3204
} 15 0.7180  0.5155  0.070h  3.488 . -0.2837
5 5 0.7465 0.5573 0.0417 2.167 ~  -0.2402
6 12 0.7667 0.5878 0.0%306 1.629 - -0.2k02
7 10 0.7798 0.6081 0.0203 1.089 -0.1611
8 0.7912 0.6260 0.0179 0.95% 0.7250
9 VoL 3 3 0.8077  0.652h 0.0268 - 1.hk5  0.0946
10 Vbl & &4 0.8169  0.6673 0.0150 0.807 ~ 0.45hk
11 1h 0.8300  0.6889 0.0216 1.180 -0.1815
12 13 0.8332 0.6042 0.0053 0.285 0.121k%

1% 12 0.8332 0.6942 0.0000 - 0.00%
ah 16 0.8341  0.6957 0.0015 0.079 ~0.0520
15 Vbl 2 2 0.8343 0 0.0003 0

L6961 .01k 0,0119

—



TABLE 20

Observed and Predicted (Correct) for 15 Varisbles

Case Num. Cbgerved Predicted Residual
1 0.2660 o.ghel 0.02%9
2 0.2410 0.5279 - =0.2869
3 0.3100 0.2968 0.0132
4 0.6200 . 0.b379 0.1821
5 0.2300 0.3357 ~0.1057
6 0.3720 - 0.2751 0.0969
7 0.5000 0.1966 - 0.303k
8 0.7770 - 0.6401 0.1369

9 0.17h0 0.o482 ~0.07h2
10 0.5600 | '0.5455 0.0165
11 0.5380 0.4196 0.118%4
12 1 0.1150 0.1912 ~0.0762
13 0,0870 0.0870 -0.0000
1k 0.1000 0.1062 -0.0062
15 0.0710 - 0.1067 -0.0357
16 0.2940 - 0.2847 0.0093
17 . 0.1660 .0.ho12 -0.2352
18 0.5000 0.5462 _0.062
19 0.0590 -0.0676 ~0.0086
20 0.4380 ' 0.3839 0.0541
21 - 0.2440 0.2646 -0.0206
22 0.4540 0.3912 0.0628
23 0.3550 0.385k ~0.030k
ok ©0.1050 0.1450 - =0.0400
25 0.3410 0.3839 - -0.0429
26 0.3770 0.26h6 0,112k
o7 0.5170 1 0.48p2 0.0348
28 10.3870 0.3854 0.0016
0.1610 0.1048 0.

no
\O

L0562

105



'106"

19. COLC. For this variable a count of 1 was given for each column

[N

and a count of 1 was given for each regrouping in the largest

addition and subtraction exercise in the problem. If no , o
addition or subtraction was required, a count of 0 was given.. ;
20. .QUOT. A count of 1 was given for each digit in the quotient
if division was required and O otherwise. _ f ' |

The set of 19 variabies was coded for use on the set of 29 problems

e

which had been rearranged from highest to lowest in order of probability

correct. One additional problem (P(correct) = .50} was added to bring

-the total number of problems up to 30. The set of 30 problems was being

prepared for administration to several groups of new students for re?li»

s ey

cation of the earlier analyses.

RS —

A regression was run on the 30 problems using all 19 variables.

The summary of this analysis is presented in Table 21. The value of R

5 _
after the first five steps was 0.9315, R = 0.86769. This is a surprisingly

good fit for just five variables. Perhaps even more suprising was the

et

strength of the computational variables indicated by their polint of entry

into the regression program. Of the first five variables which entered
the regressicn, three were computational variablesF;NOMC a multiplication e
variable, QUOT a division variable, and COLC an addition and subtraction

variable. The variable LENTH which accounted for the number of words in

J——

the problem statement entered first and the distractof variable DIST
-entered on the fﬁurth step of the regression. Thé cognitive variables o |
such as memory and order did not enter as soon or in the same brdér for . i
" students solving problems at a CAI terminal._ The observed aﬁd predicted_

'iprobability correct for each problem are pregented in Table 22. ' %
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TABLE 21
Summary -of Regressicn Analysis of 30 Problems

Using l9'Variables

© Multiple Increase

Step . Varisble 5 e F Value -  ILast Reg.
Num. Ent. Rem. R - R - in R For bel. Coefficients
1 8 0.6684 | 0.4h63 0.5kh68 . 22.609 0.0179
2 18 0.8395  0.7048 0.2580  23.586 0.2419
3 20 0.9129 = 0.8334 0.1286  20.067 0.2%23
4 16 0.9254 0.8564 0.0230 4.013 0.1333
5 19 0.9315  0.8677 0.011%  2.055 . 0.068%4
6 5 0.9350  0.87hk2 0.0065 1.189 0.0421
7 ' 0.9500  0.8836 0.000k  1.761 - -0.1679
8 vBIH L 0.9428 0.8889 0.0053 1.012 -0.3726
9 17 0.9462  0.895% 0.006% . 1.206 0.0896
0 - 0.9%70  0.8968  0.0015 0.303 = ~0.0902
11 VBL2 0.9477  0.8981 0.0013 0.220 0.0600
12 VBL3 0.9487  0.9000 0.0019 0.329  0.0580
135 15 0.9499  0.9023 0.0023 . 0.362 ~0.143h
e 1k 0.9532  0.9086 0.0063 1.052°  0.0880
15 10 - 0.95%1 0.9103 0.0017  0.260 - 0.0565
16 9 0.9542  0.9105 0.0002 - 0.038 -0.0711

17 13 - 0.9543 0 0 -0 |

L9107 L0002 .010 _ 0.0298
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Ohserved and Predicted Probability Correct

TABLE 22

for Bach Problem

LCase Num.- Observed Predicted Residuél
1 0.7770 0.6645 0.1125
2 - 0.6200 0.5727 0.0473
% 0.5600 0.5600 0.0000
b 0.5380 0.3721 0.1659
5 0.5170 0.4585 0.0585
6 0.5000 0.5510 © -0.0510
7 0.4540 0.bh57 0.0083
8 0.4380 0.577h ~0.13g4%
9 0.3870 0.3254 0.0616
10 0.3770 0.1840 0.1930
11 0.3720 0.6047 ~0.2327
12 1 0.%550 0.3345 0.0205 -
13 0.3410 0.h47 -0.1237 -
1 0.3100 0.1917 0.1183
15 0.2940 1 0.2953 ~0.0013
16 0.2660 0.2168 | 0.04k92
17 0.24k40 0.2957 . ~0.0517
18 0.2410 0.2779 ~0.0%69
19 0.2300 0.2740 -0.0kko
20 0.174%0 0.1845 -0.0105
21 0.1660 . 0.1317 0.0343
22 0.1610 0.1497 0.0112
23 0.1150 0.1ko7 -0.0277
2l 0.1050 0.153% ~0.0483
25 0.1000 10,1082 -0.0082
26 0.0870 0.0870 0.0000
27 0.0710 0.0813 -0.0103
28 0.0590 0.058k4 0.0006
29 - 0.0100 0.015% -0.0053
30 0.0100 0.0098 0.0002
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‘Only the first five variables coniributed to an increase in R° of

one per cent or more. The regression equation after the fifth step was 7

z, = -5 + .02X2 + .19}{5 +-.22X& + 03X

5 + .25X6 .

Table 23 presents the regreésion coefficients, standard errors of

‘regression coefficients, and computed T-values for each of the five

variables. Only one of the variables, COLC, failed to reach significance

at the .05 level.

TABLE 23
Regression Coefficients, Standard Errors of Regression

Coefficients, and Computed T-values

_ Regression - Standard - Computed
Variable . - Coefficient- - FError ~ - T-value
3 mweooie oo con oo escmoiiziocc ooz a e e e il e .
X, length ' .01955 .00626- . . - 3.10703 5
x3 distractor : , .18769 - .08924 2.1003
- - ) . H¥Hx
X), multiplication L22076 . .02705 . B.15ET
xs " addition-subtraction L02819 .01966 14847
i - ' . : v o e
X division. . .22983 .05979 3.8429
* *¥% T ¥R -
P < .05 P< .01l . P < .O0L

The correlation matrix for the variables is shown in Teble 2k.
Variable one is the observed percentage correct and variable seven is
the tr;nsgeneratgd dependent vafiable. The mean-and standard deviétion;
for.eéch variagle-are given in Téble-ES. 'The_summgry for the five-step

regression analysis is given in Table 26.
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' Correlation Matrix for Each Variable

TABLE 24

Variable

Number 1 .2 5 L 5 6 7

1 1.000 - -0.637 -0.533 -0.k13 0.00L -0.45k  -0.926

2 1.000  0.610 -0.007 -0.205  0.606 - 0.668

3 1.000 -0.145 -0.147  0.605 = 0.543

4 ~ 1.000 -0.090 -0.226  0.503

5 1.000 - -0.118 -0.092
1.000 _0.566

1.000

© TABLE 25

Means and Standard Deviations for BEach Variable

Standard

. Variable Mean Deviation
p(C) 1 29.59667 - 19.55739
Lenth 2 35.753%% 9. 63447
Distr 3 " 0.33333 - 0.66089
Nome 4 1.46667 1.67607
Cole 5 2.13333 5.25501
Quot 6 0.43333 1.00630

7 0.51014 0.58148

sy

ey
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Summary of Five-step Regression Analysis

TABLE 26

1i1

Multiple R .0.9315
Std. Error of Est. 0.23525

Analysis of Variance:

DF- Sum of Squares Mean Square - F-Ratio
~Regression 5 8.508 1.702 31L.485
Residual 2k 1.297 0.054 |

Variables in Equation: (Constant = -0.73442) -

Variable Coefficient Std. Error F to Remove
Lenth 2 0.01955 0.06626 _9.7&76‘(2)
Distr 3 0.18769 0.0892k - k233 (2)
Nome k4 0.22076 0.02705 - 66.6153 (2)
Colc 5 0.02819 0.01966 2.0545 (2)
Quot 6 0.22983 0.05979

S 1hL 7775 (2).
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In summary, the linear regression model described in this paper‘has
given a surprisingly good account of the difficuliy level of ‘a somewhat
artificially arranged set of verbai problems for fifth—grade's@udénts}
Five variables were found to account for almost 87 per cent of the..
variance in the observed probability correqt. The variable which.z
accounted for most of the variance wés NOMC (32 per cent):a_multiplicétioﬁ
variable, followed by QUOT (23 per cent) a division variable, then LENTH
(21 peg cenﬁ)'the number of words in the problem stétement, DISTR (11 per
cent) the verbal distractor variable, and finally COLC (l per cent) the
addition-subtraction variavle. - |

Before one tries to-apply these findings to a real-life sitqgtion,
however, a gbod deal. of replication needs to be done to either confirm 0;:
deny the findings reported here. For example, which variables entef first
for students ak different.grade levels or fof studénts,with clif.fe;man’c;””=
-  backgrounds or skill levels. Further, variables for students sélving 1

problems on a CAT system that eliminates the need for computational

facility should be compared with the variables that were found to account

for most of the variance in this study, i.e.,.for students réquired td do’
their own computations. Perhaps we can then get a cleér picture.bf the
distinction between levels of cognitive skills. I% may be that stepwise
regression technigues will provide a more suitable vehiClerfér determining
whether aptitude-interaction faétors do eﬁisﬁ. .
One indication of the differential effect.among the several
variables for on-line and off-line problem solving:is indicafed'by the
- data shown in Table 27. The set of variables found so effecﬁivé in
predicting the probability correct for the éet of 30 word probiems'was

= .
tested on the data from the Suppes, Loftus, and Jerman (1969) study.

JP—

o i

[t
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.As can be seen from Table 27, the overall fit is not as good and the

order of entry of the variables is quite different from that shown in

Table 21. . -

The first five variables from each analysis are shown below.

The multiple R after five steps is

Step _ From Table 21~ From Table 27
1 Lenth | - Oper 2-
2 Nome : : Tenth
3 Quo o ' 7 Ordr 2
L Bistr o : Recal
5 Cole 2 o : o Sg~'_

R -932 - : .71;7 |

also given. The data from Table 21 were based on paper-and-pencil work

- and the data from Table 27 on CAI work. It is clear from a study.of

the tables that the same variables do not enter in the same order or
account for the same:amount of increase in R?_in-each case. The:-

variable Lenth does enter early in each case, however, and seems to be

& consistent -early entrant.

It is unfortunate that the intact set of problems analyzed in

Table 21 was never run on the CAI system so that the variables entered

both dn-line and off line could be analyzed. Many of the thirty problems

in the set were included in the problem-solving strand, but upon entry

the problem set was split and items were scattered throughout the strand

‘according to another set of variables all without the author's knowledge.
This made comparison for purposes of the present study practically impossible.

. Nevertheless, it does appear that the variables affecting item difficulty



114

TABLE 27

Computational Variables Run on Suppes, Loftus

and Jerman (1969) Data

Multiple

Increase

Last Reg.

gStep Variable 5. _ F Value
Num. Name  Ent. Rem. R R in R~ For Del Coefficients -
1 Oper 2 8 0.5722  0.327h  0.327h 30.67h 0.0k
2  Lenth 2 0.6539 0.k276  0.1002 10.84k 0.0266
3 Ordr 2 9 0.7070  0.k999  0.0723 8.809 0.1543
L Recall 10 0.7367 0.5h27 0.0429 5.641 - 0.2526
5 8, ' 6 0.7466  0.55T%  0.0L47 1.949 0.1276
& XNome 12 . 0.7607 0.5787  0.0213 - 2.923 ~0.5043
7 Memory 7 0.7725 0.5968  0.0181 2.555 . -0.0%40
8§ Colc 15 0.7768 0.603%  0.0067 0.938 0.1212
9' Divis 0.7782  0.6056 0.0029 0.310 - 0.1165
10 Vble 2 11 0.7796 ° 0.6078  0.0029 ~  0.30k . -0.0576
11 Quo 16 0.7803 0.6089  0.0011 - 0.135 0.011l
28 5 0.7806  0.6093  0.0005 0.080  -0.0268
13 Seq b 0.7810 © 0.0006 - 0.0458

.6100

0.071L

L ity
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afe different when comparing problems that do not require cbmputation
with problems that do require_computétion.

It is too early to attempt an exploration of the observed
.differences in the entry points of the variables used. More work needs
to be done. However, preliminary evidence suggests that one must nbt
jﬁmp to conclusions about which variables are the most important  con-
tributers fo'the difficulty of verbal problems in arithmetic without
first consideriﬁg the tools at the disposai of the'student-whd'is to

801lve the problem.
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Appendix B

Appendix C

Appendix D

“Appendix E

Appendix F

List of Appendices
Sample pages from the Modlfled Wanted1G1ven Program
Instructional Treatment
Instruction set for teaching aides:
Pretest
Posttest
Follgw—up’test

Analysis of variance tables for the covariate
analysis for each variate scale

The appendices listed above are not included with this report.
Copies may be obtained by writing to the author at School of
Education, Penunsylvania State University.
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