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PREFACE

The problem of how children learn to solve verbal problems in

E L : arithmetic has been a subject of research by the Institute and the au:hor
for the past several years.  All the research nn problem solving at the
Institute to date has been conducted in the context of computer-assisted
instruction (CAI). This report discusses problem solving using tradi-
tional paper-aud-pencil methods, which was part of the author's doctoral
dissertation, and includes furﬁher regression analysis of the same data
base using variables from previous studies in which students at teletype
terminals served as subjects. One purpose for further analysis was to
determine if the variables.previously found to account for a large

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

large proportion of the variance in the traditional paper-and-pencil
problem-solving setting.

The first four chapters contain the major sections of my
dissertation. Chapter V presents a review of the variables used in
previous studies of problem solving with students at teletype terminals.
Chapter VI presents the results of analysis on verbal problems selected
from the dissertation study, using the regression techniques 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 interest and assistance of Dr. E. G. i
Beglé- for his direction and guidance and for making computer time available
through the School of Mathematics Study Group to analyze the data reported

in Chapters I-IV. Mr Ray Rees of SMSG gévé much of his time processing the

...........




data, while indispensable friends, namely, Mrs. Arlene Dyre, Mrs. Velma

Hoffer, and Mrs. Grace Kanz aided in administering the various treatments
and fests used in this study.

I arﬁ also grateful to Professor Patrick Suppes o1 IMSSS for providing
needed facilities, including the Institute's PDP-10 computer services,
materials and for partially supporting this study with funds from National
Science Foundation Research Grants NSFG-18709 and NSFGJ-433X. The data
for Chap*ers V-VI were processed .by the author.

Finally, I appreciate the ass.istance, patience, and encouragement of

my committee and especially my wife, Roberta.
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CHAPTER' I

INTRODUCTION

One of the most important goals of mathematics instruction is to
develop in students the ability to solve verbal problems (Kramer,. 1966,
p. 349). For the early grades, textbook writers and mathematicians
recommend that primary emphasis be placed on understanding the problem
and that secondary emphasis'be placed on computing the answer (Goals,
1963, p. 36). For the later grades, they recommend thatiemphasis 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):

l. Identifying the sets involved;
2. Determining whether the sets are to be ioined{'separated, or
compared | |
3. Writing an equation that corresponds to the set 0peration'

4. Solving the equation*

5. Interpreting the’ solution in terms of the sets inuolved

The. hope is that by applying the techniques embodied in such rules
the students will be able to transfer the problem-solving skills learned
in the -lassroom to real- life situations in later life. In most cases,

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

N
l ,"

are applied, folloWs chapters on 8pecific topics in the (extbooks.

Rather than creating a_true problem-solving situation, the exercises

often represent little more, than a verbal application of the computa-

ty e
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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,

1953, p. 74)." One popular text instructs its seventh-grade readers to

solve problems as follows (Eicholz, O'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 hownyou might reason in order to
solve difficult problems."

Two new approaches to teaching problem solving have been advanced
in recent years. .One was a'modification'of the traditional "wanted-
given'" approach (Wilson, l964) The other‘emphasiaed'problem solving at

a general level that is, it was not oriented to any particular academic

discipline (Covington, Crutchfield, and Davies, 1966) Results from

i . wh

each of the programs indicated rhat students who completed the respec-

b A TR
tive programs made significantly greater gains on posttest measures of

L R

‘ creative thinking or problem solving than did their respective control

RN H .. A L , o Yy s P
. AN i g
groups.

‘ The questton examined in this study was whether ‘students who had

received training in general problem solving skills by using The Produc-

tive Thinking Program Series Gae: General Problem Solving (Covington,
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Critchfield, and Davies, 1966) would achieve significantly higher scores
on posttest measures of problem solving in mathematics than would stu-
dents who had received specific training in problem solving in mathema-

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-grade level. In previous studies

using one of the programs, The Productive Thinking Program, student per-

formance consistently improved on tests of creative thinking and general
problem solving. In the other program a modification of a program de-
veloped by Wilson (1964), students were instructed to solve problems in
mathematics using a Modified Wanted-Civen approach. The central question

was whether a general approach to problem solving, such as The Productive

Thinking Program, would produce higher performance on criterion tasks,

primarily mathematical problem-solving tasks, than would a program which
used a mathematical context to teach problem solving in mathematics.

For some students, all problems are not really problems and calling

a set of sentences a problem is somewhat arbitrary. As Cronbach (1948)
poihtéd out "a situation presents a problem only when one must give a
response (that is, when he seeks satisfaction) and has no habitual re-
sponse which will giVeASatiéfaétfén. [p. 32]" 'The term "brobléﬁ"’as used
in this study refers to a statement in weitten form that requires a -
written response. This definition is in agféémént'withbfhét'given by a

standard reference in thelfield;‘théﬂMéthéﬁééiéévbibfibh5}9 (James and

James, 1968), "a question pfbbosed”fé?iééfutién;*é‘matté}:fot examina-

s :
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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 exception of the syntactical form, the
chief difference between exercises 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 mathematical 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 rocess is essentially the same for all
problems [p. 2355)

Throughout the study the emph_asis in the problem-solving 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 "problem' were all used synonymously.
" REVIEW OF RESEARCH ON PROBLEM SOLVING =

_Research on problem solving in elementary-school mathematics has
~not. been systetﬁatic and 're'sult!s -often conflict. This brief'review of
previous studies 1ncludes only the major areas in which studies have

been conducted t:o give the reader a feeling for the diversity of studies

in problem solving "in,mathematics and to show how this study is related

to past work in ‘the fiel ‘of. oblem solving_ in mathematics 'I\utially
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Problem-solving Ability

Individual differences.

Dodson (1970, p. 104) prepared a composite

list of the strongest characteristics of a good problem solver in mathe-

matics. Basing his evaluation on data involving approximately 1,500

tenth- through twelfth-grade students from the National Longi tudinal

Study of Mathematical Abilities he concluded that a good problem solver:

1.

performs higher on all of the mathematics achieve-
ment tests than the poorer problem solvers.

performs high in solving mathematics problems .

. that require a great deal of synthesis.

solves algebraic equations proficiently.
performs well on more advanced mathematics

achievement tests administered a year after .

-the criterion test.
‘gcores high on verbal and general reasoning tests. .

-determines :_spatiél relationships successfully. . S

resists distraction, identifies critical elements, .

- and remains independent of irrelevant. elements..

.18 a.divergent thinker. - .::* - . oo o S T R

A

has low débi.l'lta‘ti.ng;test -anxi._ety._while-.his :

."--_-fac1li.tating test anxi.ety remai.ns high

K

has a positive attitude ‘toward ; mathematics.._,,;_;‘_,,;-.;

"-'i“i-._,r;;sees himaelf as A Agood mathematics student

o Tt

%
s
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has teachers who had the highest degrees.

14 . comes from a family with a relatively high income.
15. comes from a community in which the starting
teacher's salary is higher than the starting salary
of the teachers of his poorer problem-solving peers.

16. lives-in a community that has had a recent change : 1

in the size of the population.

17. has a socioeconomic index that was about the same

as that of a poorer problem solver.

Tate and Stanier (1964) found junior high school students differed
in their ability to judge when 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 test.

3ex differences in the problem-solving ability of ninth-grade stu-
dents were"-stu‘died?by ‘-'Sheelfian'-(*1968).‘ ‘After five weeks of ‘special
treatment, small-step, "linearly programmed materials ‘and ‘problem units
accoaipanied'i-by"refere‘nee ‘texts;'zsigriificant differences in -:the..adjusted

'scores on a problem-solviigitask in algebra favored-the boys. Sheehan

cbncluded'that sex didr make a difference'f‘in *‘le'arning'-to::'solve» problems
in algebra and other: school learning as. well

Few definitive studies fon *individual differences in:problem-solving
‘ability of students in grades 4* 5 and 6 have been made. : : .-.f.?

' Related skills“andf abilities

In ‘a: study using 1, 400 sixth- graders

""-"'.,Balow (1964) establiahed'-:'that both reading ability and computation .




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 (1963) noted that the partial correlation
between reading and problem solving with computation held constant was
higher at both fourth- and eighth-grade levels than the partial correla-
tion between computation and problem solving with reading held constant.
Wederlin (1966) rotated two factorial studies to a common stfucture
and identified five factors common to both studies on which the loadings
ﬁere 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 lesser importance.
Wederlin determined that little is known c’oncerning“.the nature of deduc-
tive reasohiné and numerical factors. The majority of the 371 subjects
in both of Werdelin's studies were 13, 14, and 15 years old. Very (1967)
found four féasoniﬁg factors, arithmetic, deductive, irt.duétive,i and gen-
" eral for males in his study involving 355 college students. By perform-
1ng erafaté factor analyses by sex, ite affirmed that males, in general,
tended to have a greater number of mathematical abilities than did the
females. "'l-?tﬂlrt':hér‘:,“thé abilities of the males were mcre specific-and more
easilyidentified ;A'ivlatéf'_'stﬁay“ (Dye- and ‘Very, 1968) revealed ninth-
grade females were g}e.n‘ét:'»él‘.:i:y sﬁi:é'fibf""" to"'maléé in tests’of ‘numerical
facility and perceptual speed. . At the eleventh-grade 1eve1 t:he differ-

- A N

,ence in favor of females was somewhat less At:”t:he college 1eve1 males

"?4- : = o J"L);.".',..-kl .

-‘ . ,:; Were euperior in every t:est/zof arithmet:lc _;'easoning and mathemat:ics ap-b

1.;3 ’"'.g L:, il [ SR~ Te
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..-ing with the, students.
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Affective variables. A study involving 358 sixth graders by

Jonsson (1965) reported some interaction between test anxiety and test
difficulty, expecially for girls. Other results of the study suggested
that anxiety may act to distort the findings in studies of problem solv-
ing, particularly for difficult and complex problems. Difficult tests
may have a detrimental effect on the performance of highly anxious stu-
.dents.

‘In a study conducted by Gangler (1967), college studehts who were

told their work on a problem-solving task in logic would count toward

.. their grade. in mathematics achieved lower scores on the task than those

‘who were not told. The negative effect was greatest for high I.Q. stu-
‘dents.  One. of, the most important conclusions of this study was that
overt participation in the learning situation apparently made the stu-

. dents more flexible in problem solving and resulted in fewer errors. It

.- was also -summarized that the type of participation, overt or covert, as

‘well as motivation were important .in problem solving and varied accord-

T
.‘: [ T

--Low-ability-students in_two, En-gli.m schools _were 1ess frustrated in
~ a.,lowscompetitive school environmenc ar-d were also 1ess rigid io their
~:approach. to solving problems than. cmearabl,e children m.é.,a.dt:rad?tional

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

Problem-solv g Tasks S

[

There is such variety

'.in the types of problems used i various stud-
S e :

H, _..,1 (\\‘;‘,-

set of mhterials to use 1n studies of human problem solving. Eleven N
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-find problems :I.n mixed order more difficult.?-
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years later, Davis (1966) summarized the status of research and 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 appro:«.ch overt trial-and-error. To date, standardized sets
of problems have not had any wide-scale use. The following categories
include most of the types employed by contemporary 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 existertial quantifier, the amount of redundaney, se-
lectivity, and contiguity in problem statements (West and Loree, 1968),
and placement of the question in the problem statement (Williams and
McCrelght 1965) . The results indicated that curriculum developers
should insure a variety of problem statements in whicl they use differ-
ent words to describe situations. Generally, problems with a high de-
gree of selectivity (little irrelevant data) and redundaney (repeating

the data) are easier for both seventh- andnin‘th_'-grade' students. De-

_ creasing the contiguity (increasing the distance between data) makes

’ problems more difficult fo.. seventh graders, but ‘not for ninth graders.

Asking the questicn first in a word- problem statement ‘may be more help-

ful for some fifth- and sixth grade st:ude uts, 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-

..I;

f.cal data are presented in order of use (Burns and Yonally, !1964) rather

PR '.'\

than in mixed order. , Students with low .a:ithmetic reasoning ability

_It ‘;as suggested that stu-

T CGRERLES Bora e A nit P}
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individual

fect of auditory reading assistance suggested tnat problem difficulty is
more a function of reasoning ability than reading skili for groups of
fourth-, .fifth-, and sixth-grade students. The readability of pr‘oblems
was round 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 solving. The effect of

readability was greatest for those of low mental ability.

Problem-solvi4ng Processes

Developmental changes. The work of Piaget has generated many stud-

ies in recent years. Several of the studies demonstrated that young
children can learn and transfer quite complicated problem-solving stra-
tegies (Stern, 1967 Stern and keislar, 1967 Wittrock 1967) o

~ 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 children
to recognize logically necessary conciusions .and their ability to test
the logically necessary conclusion. _ While no evidence of growth in
ability to test logical neceslsitv vas apparent there was evidence of
corresponding growth in ability to recognize logical necessity

. Strateg es of inquiry. To date, nearly a11 studies in this area

- vhave been concernec with concept attainment and have used non-mathema-

. . }_ Ve n

- \tical tasks._. Neimark and Lewis (1967) suggested that the acquisition

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

k' "’: AT /.J,_‘.’_,

- 1.\_,,, A

,r\..u. W i(‘(c iy Ey

formation gathe 1 g by older students may be interpreted as simply

5 "".. 1.7.." ’",-Y:. - \
RS .)A_ 2 oo e

'__'7-.meaning‘ that more individuals acquire strategies with age._' o

The evidence which indicates an increase in the use of in- .
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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 teach heuristic :
methods or to analyze problem-solving protocols using a system based
on Polya's system or various other tech-iques. Wilson (1967) stated,
in a study involving instruction of algebraic concepts to high school
students, that instruction should begin with presentation of th}e‘con-
tent, be followed by task-specific heuristics and then be concluded
with general problem-solving heuristics. 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 eny depth. Zweng (1968, p. 253) went a step further when .
she said "We need to know more about how children do, in fact 'see’

the physical world."

Creative Thiniting

Creativity and problem solving have been the subjects of a number-:
of studies, but few have dealt directly with problem solving in mathe-
mrtics. Tests developed to measure creativity or to identify treative
students sometimes proved disappointing (Prouse, 1967), while others
looked promising (Evans, :1965), even though more data on their validity
andreliability kare needed-before they can be used on a broad scale.

- T'1e results of a atudy by Klein and Kellner - (1967) ‘involving 130 .
male, undergraduate studenta on a. two-choice probability-learning task
seemed to indicate that highly creative students demonstrate a greater

tendency to form hypotheaes about patterns of reinforcements than stu-

D Tt Tl h T Lt T PR P S . PV o TR LAY O ATEALY TN EATS TV s avmas e -
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dents who are not as creative. Though not working with mathematical
tasks, Eisenstadt‘ (1966) found creative college students: faster at
solving puzzle pr‘éoblems. The approach used by creative students was’
apparently different from the approach used by noncreative stvdents.
Earlier, Mendelsohn and Griswold (1964) reported a positive relationship

between creativity and the use of incidental cues in solving 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 learned

to solve problems in mathematics.

Summar

The diverse nature of the maJority of studies in problem solving
in mathematics is evident in the partial list of categories reviewed
above. The subjects who participated in these st: xdies varied in age
from 5 years to college age. Taken as a whole, these studies ’offer |
only general recommendations of how to approach the prob‘];'em__fvof_.te_aching

fifth-grade studénts to solve problems in mathemati'cs < A'summary of

‘some specific recommendations is” given in.a later section.

. The work by Covington, Crutchfield and Davies (1966), ito" be des-- .

cribed ‘in the following ‘-s’e"c‘:ti’bn,»s'repreeents’fone‘new, approach-:that is =

‘worthy of investigation.- Their program has apparently produced signi-

ficant gains" on. tests ‘of creative thinking and problem a\olving in some -

'.caaes, but not in others.- Should their program prOVe to make a. signi- S
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proach to the improvemeat of instruction in problem solving in the

upper elementary school could be designed.

A second approach to teaching problem solving in mathenmtics at -
the fifth-grade level is one which employs a modified wanted-given ap-
proach based oxn the work of Wilson (1964) and others. This approach

provides instruction in problem solving in a mathematical context

b
S
e

rather than the more general approach used by the program developed by
Covington and others. Each of these programs is described in detail in

the following sections.

7 D T T AT L R N o -

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

signed to strengthen the elementary-school student's ability to think

T 3 et

and it is an outgrowth of research on productive thinking conducted by
Professors Richard S. Crutchfield and Martin V. Covington and colleagues
in the Department of Psychology and the Institute of Personality Assess-
ment and Research. at the University of California, Berkeley., :
Crutchfield (1966) stated some ‘causes and conditions that seem to con: 5
tribute to poor probla--solving behavior by most elementary-school stu- %

dents. S a~w=,-"3:f o }v;.f o l“ ;;::‘ .

e < ke

In short, the child in the all too-typical school situa-
tion is being: expected ‘to develop efficient: cognitive. skills,
tuch as those in problem-solving, under ‘conditions where. he
is offered few opportunities for actual practice of the skill,

~i.where' the practice ‘he..does. get -i8. likely to. consist 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 L
&#%listen instead of actively trying;out the skilly where he. .. - v ;
" gets incomplete ‘and- delayed ‘evaluative information about how - e
.. .- well or:poorly: ‘he'is: doing*andﬂlittle*specific indication of.. ‘ L
- just what'he ie. doinﬂmrigh al -33
[y O respectabl athletic skil'
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Crutchfield recommended five instructional steps to remedy the situa-

tion (Crutchfield, 1966, pp. 65-66). They are:

1. In 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. . . .

2. Once such curriculum materials are available,
they should be studied as they are tried out in the schools,
with particular emphasis ¢n a detailed observational analy-
sis and evaluation of children's performances in the vari-
ous skills. e o o

3. Better teaching techniques for the fostering of
cognitive skills must be developed. In particular, the
child should be helped to identify, discriminate, and un-
derstand the nature and function of the skills involved in
various kinds of cognitive tasks R '

4. In curriculum materials and 1nstructional efforts
great stress should be placed on the transfer- of cognitive:
skills. The child should be brought to understand the wide
applicability of these complex skills:to other: subject-i,
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 ‘suchia-master-skill .that: distinguishes the -

truly productive th nker and creator from the“umrely talented

Person . ""v ". . ) N et s 8 NERE

To overcome the current inadequacies in teaching cognitive skills,
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problems in a detective-like fashion under the direction of their uncle.
Jim and Lila, a Eother and sister, are intended to be models with whom
studentslidentify as they read the stories and answer the questions in
the program. The materials were written in programmed-text format to

accomplish several purposes. These purposes are (Crutchfield, 1966,

p. 69):

1. To demonstrate -and emphasize in problem-solving
the value, necessity, and technicues of identifying and
defining a problem properly, of asking questions and tak-
ing time for reflection rather thanm leaping to conclu-
sions, of looking carefully at details and searching for
discrepancies, of generating many ideas and not fearing to
come up with what may seem 'silly' ideas, of looking - L
everywhere when stymied for p0881ble clues and sources of
ideas, etc. : - ‘ : : e

-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 proggamed -instructional: form in an ‘ef-.

fort to capitalize on:several crucial advantages of: this
method s (1) individual self-administration, permitting :

. freedom from direct group and teacher pressures, permit-
ting individual self- -pacing: and!.freedom from - -interruption’

_of one's own. thought etcy (2) immediate feedback for each ,
~chiid- contingent upon- his: own 4individual:responses;: ()i
‘the" requiring of active involvement by the child: in- the o
}materials, (4) the providing of greateszcope for ex-‘x

"ploitation of and accomodation ‘to ‘the" ‘divergent and

fdiosyncratic responses” .of i the child} /(5) butilt= - di=

H'indicators' .of.- the’ sequential progress

a supplementary ‘part: , ,
or ‘no’ direct interventionvbyT”he'teacher and no"special




. In summary, the materials were designed to develop and strrengthen
a student's ability in using *importan_t Skil-ls' and- strategies for think-
ing and problem solving, to improve a student's aWareness-.-.o,f,..r.his-: own-
thinking processes, .and .to .-_improve his attitude,. toward activities that:
involve use of the. mind.

The first main study using the program was conducted in the'
spring of 1963 (Covington and- Crutchfield 1965) w1th two pairs ex-
perimental and control of fifth-grade classes and one pair of sixth-
grade classes, 195 students in all A six-hour'pretest of creative

thinking tasks was: given to a11 children. Students in the experimental

o ) v

classes were given 13 one- hour lessons in the tra ning program while

students in the control classes were given some stories ‘to read and

. [N . .
..... : L AR 1A ':!\

questions to answer: the last few days of the treatment period before

the posttest.- The posttest was -an- eight hour battery. v-*Five,, 'months
later a one- hourl follov-up”test was given tolras many of the fifth-A

'grade students as they were able to locate. It was reported that

IS #

“.' < },-;- ' . '»‘_-, t,' ‘ o _rl ¢ :'v'; .

" .. the 98 instructed children markedly out-performed the 97, control

P

GRS Plavabot waooanetinn ’7'--',5""’ RN F e
children" (p 4) on almost all of the problem-solving tests on the

. L. sEN o o FYT IS D | w et
‘ L P "-!- ‘((_",Y ."_'.,_'!-l»,- PERTR ok AN I

criterion battery., The_marked superiorityx- of the instructed'children

L_"\

1 s AJ »n, ey :";1.‘_ 17 Jl

- i .;.'": W. "*

.P(J;\ - 1‘)«‘ . «Q‘,,

ompared With the control stu-
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. that boys and girls made approximately equal gains on posttest measures.

"l‘his second study was conducted with 286 fifth and sixth grade students..

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

dence that new problem-solving skills had been instilled Crutchfield
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fol loming training.

After the favorable findings of . the first study the training pro-
gram was revised ‘and expanded to 16 lessons. 'l‘wo internal criterion
tests were also included in the new program "to provide data on how
rapidly the superiority of the 1nstructed children over the control
children develops (p. 5." A second version of the program (Passive
Exposurg was: prepared with a slightly reduced reSponse requirement A

third treatment provided children with only a set of rules to aid their

thinking. These rules were presented immediately prior’to each of the

two incernal criterion tests and at the start of the posttest sequence

In general the results corroborated the findings of the l963 study

The Passive Exposure group demonstrated a satisfactory degree of profi-
ciency on the posttest and it was. concluded that the Passive Exposure |
condition was equally effective with the regular progranmed version of
the treatment:.: The Rules-Only group placed the lowest of the treatment
groups .on the posttest criterion ueasures for the fifth grade, but still

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

e e TS P

_concluded that-'lthe training might act to "sensitize the child to use the |

skills he already possesses (p 5) " f o
o o ' i PR T ‘:'/ : 4:, J(l a4 ;, Viedy ’51’.. -f\'-)‘

_-date summaryiof_ t:he assumptions about teach-‘_ "

M 1 i T LT '.,--t:l '.,‘.L ~'4}




'were subjects for the experiment
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(1969), who assisted with the development of test materials 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 potential
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 strategles when one is 'stuck' on a
complex problem. - § a

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 .in 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-
--1al, would be more effective than either of these .tech-.:
niques alone.

,The most exensive test of the reV1sed 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-

! .,.' .

- contained program, with all forms of teacher particiapstion purposely

’-held to a minimum." (Olton et al., 1967 p. 31) A11 etudente 1n 44 Of

)

'vthe 47 fifth-grade clssses in the Racine Unified School District No. '_1?

-"v"» i e fi:t: R E R

»‘_'.‘ Classes were rank ordered along a

oo roas en b - .
:,:,4 R A 1. FRIARSA I N ,_, ‘_. .,.»,x!,-‘ ; t,‘ .,.,_,’ L ,vl

T

) Lfacilitstive or nonfacilitative scsle by'a school distr1ct supervisor.
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were discussed in a '"free, creative interchange between teacher and stu-
dents (p. 3)"' Pretest and posttest batteries were deve10ped by the |
Creative Thinking Project at. Berkeley and by Dr.. E Paul Torrance of - the ‘
University of Minnesoca. None of the batteries included mathemat‘ical »
problems. o 4 | | - B ;

Of‘the 21 analyses of pretest: variables, only one ‘treatmentleffect |
was significant at the .05 level The treatment group/ achieved a signi-
ficantly greater number of solutions to the Jewel problem, ‘but did not
achieve'a correspondingly greater number off-ideas or produce a higher"
quality of ideas than did the control classes.’ On the posttest howeVer,
the treatment group scored higher (P < .05 or Ol) on 12 variables while

the control scored higher (p < 05) on only one variable. " The superior-

ity of the treatment group was apparent at all three 1evels of I. Q iden-
tified for the purposes of the study. In the single case on 'which the :
control group scored eignificantly higher than ‘the experimental group ‘on )

the posttest it was found that only 15 percent of a11 students were able

to solve the p oblem (the X ray problem) Due to the relatively ‘small
number of students who were able to solve the problem, ‘1t was suggested
that the superiority of the control group 'was an artifact of the problem

'.‘.itself (p 21) The treatmen‘t‘ seemed to be more effectiVe with students
‘in nonfacilitative environments as evidenced by the reduction of initial

-,__differences betVeen facili tative and nonfacilitative:{_c,lasses on the post- _




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 ev1dence to support the transferability of direct training in gen-

eralized problem solving to another task the two- string problem. Thle

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

Thinking Program, upgraded to an eighth grade 1evel by eliminating some

of the repetition in the program and adjusting the vocabulary level
The students who received the special treatment were ab1e to solve the
problems given in the posttests significantly faster than their controls.

No sign‘ficant differences were found between exper1menta1 and control

_groups on measures of creative thinking It was noted in this study

LT

that the instructional effects were 1ess potent than those reported by

Covington and Crutchfield (1965) for grades 5 and 6 The effects of

their treatment were somewhat less for sixth graders than for fifth
graders. : It may be that the optimUm grade level for which instruction

in problem solving using material prepared in this format is grade 5

Torrance (1967) referred to a phenomenon known as the fourth grade slump

“h
4

......

in creative thinking.; His studies showed that after grade 5 there is a

ey lp’ FE- “ ,.:_’,‘,.t,\_,.

general lowering in the level of achievement on tests of creative think-

‘_ltures, “including our ow ‘;.j. He identified several peri-
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ductive Thinking Program be revised for grades 6 and beyond in an

attempt to overcome this problem.

Olton (1969) listed tie areas of attitude andmotivation as two of

the most important gains produced by The Productive Thinking Program.

He cited evidence tc: 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 {nstructlonal-materials to problem solving on
a specially prepared set of arithmetic problems for students in grades
4 through 7. . It was acknowledged, however, that the tests were "diffi- :
cult and their reliability was lower than desirable. When 1.Q. was con-
trolled, there were no significant differences between control and 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 studants who had com-

Plet,eq The l’rodu’ctive 'l‘hinking‘Program were judged more thoughtful than
thos'e written by a control .;group. A'lso, .the essays froml.--the experimén-,l
tal: group vere 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 rogram to ptoblem solving in:
mathematics in which the: majority of problems required more ; than -a single
step. Olt:en et al. (l967)~noted a: lack of treatment effects on many of‘A

_the performance meaaurea for the brief problems, those which emphasized : :
diVergent thinking Although no: examples of the arithmetic problems

.used in the Treffinger andfkipple study (1969) ;were given, ‘the titles.:

'._vr»"A Puzzle Form and a: Text Problema Format" indicate that brief problems”
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of at most two 'steps were probably used since a survey of the ‘mathema-
tics texts used in grades 4 through 7 furnishes abundant evidence’of
consistent lack of even two-step prob'fems".' As stated earli_er, -most ''pro-
blems" given in most mathematics texts are simply "exercises" or appli-
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 mather_natics.has

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

was to investigate the effectiveness of The Productive Thinking Program

‘on multiple-step verbal problems in arithmetic. o el e

- An .important ‘factor in theie’ffeétiveness_of The Productive Thinking

‘.Program is the amouﬁt 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 ‘postte‘st measures in’ .
classes where’ the teacher ‘discussed each lesson. When teachers ‘partici-
pated by ‘discussing the ‘lessons with students,W;newvariables entered

thatfmade”it'diffiéult» to-examine the possible'effects of:the treatment

-itself. " As Olton et a1 (1967) pointed out, the severest. test of ‘the
X effectiveness of a set of instructional materials igsits use on:a: daily

J'.basia' without teacher participation. ‘It'was under these carefully con=

trolled conditions that the performance of the experimental classes in

B the Olton (1967) atudy surpassed that of the control group on 30 of the
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The Productive Thinking Program has demonstrated its effectivenees

in instruction in general problem solving for the more complex types of
problems. Follow-up studies show that students retain this superiority-
over their controls for periods of 5 months or longer. Since most ver-
bal problems in mathematics texts can be classified as exercises rather
than problems, and one of the goals:of instruction in mathematics is to
tea‘ch 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 nature than usual, for the
grade level, were used as criterion measures..

We now turn to the consideration of the other treatment and the pre-

l. mises upon which it was based.

The Modified Wanted-Given Progr_a_t_g. The task of how to combine the
most ‘promising suggestions of previous research in problexn solving in
such a Way as to derive an instructional program was not -at all clear-
cut. The findings of many of the 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

ﬁclinical studies with individual students should be conducted before be-

v .

ginning larger stuoies because-

Sl le .unfortunatsly, the increasing complexity of design has
~ been accompanied by an increasing number. of methodological
g blunders,\such as the inappropriate use of. analysis. of co-
variance s\\nd the use of subjects.-as experimental units when
" intact. classes have been assigned to:treatments. ‘More dis=
L ,_-'turbing still is. the investigators' apparent ignorance that
L statistical assumptions are.‘fb?ing violated e '




Gorman (1968) analyzed 293 articles and dissertations on problem i

solving in terms of their experimental design as defined by Campbell - ;

and Stanley (1963). Of the studies analyzed, 178 were removed from -
consideration for not actually being studies of fproblem. solving in math- ’
ematics, for not using als-subject':s‘st:ud'ents'in grades 1-6, for n_bt being

published in the years from 1925 to 1965, for lacking internal validity,

or for not being available for 'examir_ra‘tion. The ‘remaining 115 studies
were closely examined “f.’or internal validity. Finally, the number. of
studies which met _criteria':wa's 37. The recomet‘.dati;ns from the accepted
s'tudvie's concerning the teaching of problem solving in graaeé 1-6 were

centered in the following areas.
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“more effective with one sox’ r.h:m with the otherx.

Unlvcru:y , 1959) ¢

tecc of r.h_ D "’cc ' y t
lea'Solving Abzllcy o! k2841.€ crndem;l’uplls" (uxfpubluhod-boc:or c du e
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a. Eficct of using the follouing nethods; -

1

Sysr.‘.r.atlc insr.rucr.ion in w‘\ich students are asked
to explain how a prodlea is to be solved and why a
particular process is appropriate produces greater
gains in problen solving than zere prescéntation qf
zany p:oblcms. .

The development .0f u-\dcrs.andlng is a gradual process
that is aided by systematic instruction in the four
fundamental processes.

The dcvclopn..nr. of undcts:a'\din"s of the four funda-
mental processes is a vital-factor in the inprove-
oent of problea soiving.

(2) 1Intensive study of vocabulary

I\.plls w‘\o scpdl-.d qz..mr.lr.acive vocabalary uslng the
dircet study technicues (enable the child to es tab-

2sh a three-way association between the written syme
bol, the sound of the term, and at least ome of its
wearings) achicved significantly hlgher on a test of -
arittimetic problem solving and concepts ‘than ‘pupils
who had not devotcd special attention to the sr.udy
of quanr.l:a:lve vocabulary.,

lhc dirccr. s:udy o£ quantl:a'.ivc Vocabulary does not
tend to rosult in an improvement in general vocabu-
lary or in readlng comprehension.

The direc: a:udy of quanr.i.r.au.ve Vocabulary ‘s not

The direct study of quantitacive vocabular)' la RN

. method that 1s more efféctive vithipupils of above .
. aVerage .of.average intelligence than it is with
pupils of beolow average intelligence.

Qunn:lr.ar.lvé Vocabulary on- Attr.hme:tc ?rob-

S AR LY
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(3)  Estimating answers?

Practice in catlmating answers to arittmctic probléms is°
of no more value %o siwth grade pupils than is the tradi-
.tional prac Lcc in thc tolution ot. such ptoblcmo.

(4) c:oup cxp‘cr:cnccz”

Despite the superiority of the wark performed by groups
as compared to individual ¢fforts in situations iavolve=
ing weitten prabls.m golving, there 45 no significant im=

provemeat in che abiilty of subjects to ..olvc. problems
wlica tralned fn proups as comparcd to subjects who have
vorked by themselves continuously whea cvaluated under
“elrcumstances in which cach subjcc: mus: tcly upon his
owm resources.

(5) Cuiscnaire materia 1s3

' " Use of Cuise cenaire marerials ia an elementary mathematics
_program resultid i 'significansiy less achievezeat .in
'coapu:acio’x and :..asoninz :han vas evtdon: vhen such ma-

- r.crlals vu:\. no. usc.d.

e

b. ompar.son of. ‘mes hods- S IR

‘_(a) _Ch'ldren wvorking to:;echet in pairs do solve more

"' problems" correccly Lhan each chtld could do wotklnz
i 'fclo'w. s

) Cooperauvc versus’ imdxv.dt.al etfor:

o
3 -

(b) Children vordng .og\.thcr in p.d.rs do thuiro more
© o eime to solvdl problcms man cach chtld woul.d do'
'uorkir.g nlonc. | S

2 yoha Wi Dickcy. -.Thc Value of zs:maung Answers., €6, Arithmetic

Problems and Examplcs " The. Elemen :arz S\.hoobﬂoutrnl xxv (Scp:cnbcr.
: 193‘). 2“-31. . ,t‘,.'.\x\’ .“".l"«.-l"'w.—“‘. , o u{’t_ X

‘-v.’.',\ b ,,rl" '

zntycc nytnc hud"tm., "'thc nffcczs of Iuicinl croup Expctiencc

. Aupon ‘Subséquent Individual Abtut.y to Solva Arithmetic Problems". (un- .

pubuahod Doccot 8 disscrcat. on. Na..hingcon Univcrsuy. 1958).
' ,.-" ,
; I.ncm.lcics ?rog,:ﬁni Affc

and’ COmnut.{:Lonal‘,SkLu oE Ihird crad.. cl le:on?" (unpublis\'\cd




‘Drill method with {asight mcthodl,

{a) Af skill ia compucation abdvsolving_v&ibql problems.
i the chief goal of instruction, the meéthod a
teacher exmploys should be determined by her .own pre-
dilections. T

(v) If mere genarallzed ouicomis of instzuczion, par-
ticularly r.¢ ability co think mathematically, are
significanc goals, it makes a difference how pupils
are taught. : . :

. (c) ZRupils of relacively low ability and good'aghieVe-
aeat learn better under a drill method.

(¢) Pupils of rélacively‘hiah-abllizy and .ow achieve-
pent learn better undec o meaning method.

{3) Association, analysis and_vaqabgla:y: ) : _; ) - ' :
The association pethad, or that tachaique by which diffl-.. |
cult or incorrcce probiums are assoclated with a model, g
produces greater gain‘invstudcntigqrformanccv1n problem i
solving than the. analysis or vocqhdld:y'mctﬁods,j.(Iﬁéj , |

enalysis method refers to the step-by-step approach to
problem solving while ;bg_vécabﬁlary method {nvolved the
completion of ga;hc:;a:._tcfal;.p_r‘op;gms with the correct '

tera,) S
() Deépendencies, conventicial-formula, and ind tviduald

(a): ThgiconQentibnql-formﬁlé'mc;hbd_oi problen solving
(i.c., four stepsy. asked, given, how, answer). proe
vided thc least gain in ability vhen compared with

. the-4ndividual (absence of any formula) or. dependen=
. cies method (g;aphiq‘6:_§ihgthh&atica1).j;;v”;_“--

. vt
it -

: 1. Lester Andérson, ‘Quantitative: Thinking: as Developed - Under
Conncctionists and ¥Ficld Theories of Learning,” Learning Theory:in
School Situations (Uaiversity of Minncsota Studics in Education, No..2;
- Kinneapolis:a’univérk;ty'of"uiﬁncsdtatPtcés;<1949);*:+g~~:iv e

Co o zc.iL;”Thiélé,'"k'Compa:ison of ‘Theee Instructional Methods.dn. . .- ...

. problem Solving," Rorcarch on .the Foundations of American Educatfon, R
3 ehe” n Educatioial lescatch Association’ BN

“Educational’ Rescarch Adgpctation,’

) it (d Problen Solving: - A Study ot 'thi

£, The ods ‘of Problem Solving',’(inpublished Do

:lon, Teacher s Gollege, 'Columbia Univarsity, “1929)
S v..":‘ X . f E ‘:.f'.’-‘-f.;i .";",‘
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"Acr.ion chucncc, Nan:cdociven, nnd ?raccice-Only

(b) whcn fourth and scvcnr.h zradcr.. arc considcrcd as a -
‘whole, therc 15 no diffcrcnce between the resulcs o£
 ‘the d;pcx-dcncics :md 1nd1v1dual ncr.hods.

(c) When the'work of ‘fourth zradc.rs alonc is analyzcd
the data indicate that the dependencies method is
cupcrior r.o :hc individual approach. :

Foml analysis and graphic analysisl

Nci:hcr che convcn:ional (forml analysts) nor: :he dc-

pendencics mcthod (graphic analysis) produced’ chmgcs K
that were scausucany signincan: uir.n rcspac: r.o r.hc
following: . ‘ :

(c) - ‘the' grade ‘level on which r.hcy were uscd- ,

(b) cthe abilicy levels: uichin the - gradc (avaragc,
superipr, inferior);’

(c) rcten :1on of abiur.y in problea solving. "

2.

Tt

(Action cg\.cﬂce rc:‘crs :o a program £ocus£ng on uhar.
1c- going o, ‘what cvcn:s uc-\. on, what is. bcing done, -

what {c donc, what "wag the scqucnce of cvcn:s. etc., in

cituacions from which the m.ani.ng or’ “a::ributes”~of an
onpevation is to be “abstracted. ‘This program emphasizes
vhat onc does mentally or physically when one is adding,
s\.br.ractinc. etc. Hence, the operations are conceived
of in terms of their characteristic action-scquence.’

In other words, t.he operations are relationships, ov

~ kave structuves, :he relncionai ar.:ribur.es of whi.ch aré

ac :1on-acqucnccs o

L .(;"'

"‘!'-n:cd-civcn rcfcrs to” :hc progr.m uhi'-h £ocuses on r.he

goals and *tools,* ‘the "why"’ and‘*with what,” the ‘ends
and means, .the wanted and-givens in’ sicuations from which
tho meaning or "atctributes” of an operation 1is to be abe

.gtracted: . This. program cmphasizes 'why' and. "with what!

- one adds,: subtracts, ‘etc...;Hence,. the operations. are. - . -
. conccived of in terms. of r.hoi.r characteriscic ends-means.
- 0r, in other vords » the operauonc are relauonshipn, or

P

1!?.all.ph D. ﬂorsman.' "A COmparison of Mc:hods ~of- 'L‘cnchmg Verbal '
2rodleas in Ar!.r.hner.i.c in Grades Five, Six, Seven, ‘and Eight" (unpub- o
: ‘uahed Doctor's disscr:a.cton. Univeru:y of I*tr.:sburgh. 1940).

2.!otm Wawmer. chon. “The, Role of s:rucr.\.rc Ln Vcrbal Probleme’
Solving in A:ir.hncr.iv An Analyucal and Experiucn:al Comparison’” ot :
Three Problem-Solving. ongrm" (unpubuohod Doc:or s diucrur.ion. o
Syucuso Uutvorsi:y. 1964). . S '




LR ar v e e PR O

(R oA G

AP RIS COTI O3l b AR A g DIt gt~ e AL ekl i b 2t g bl i a2 s A

29

have structures, the rclational attributes of which ars
wanted-givens. ' .

Practice-Only is a non-specified structures program
which provides no direct instruction concerning the
problem situation.) ‘

" The major difference in the three programs is in
the contents of the thought process of the child as he
analyzes a problem and chooses the operation. - :
(a) Emphaat;tﬁg those attributes of the arithmetic

operations termed the Wanted-Given produces statise .
. tically significant improvement in verbal problem

solving ability in arithmetic. -

(b) Eophasizing the Wanted-Given attributes.of the
operations produces statistically significant im-
provement in verbal problss solving ability than
cosparable emphasis of ths Action-Sequence attrib-
utes of the operations. S

(c) Ecphasis on the Wanted-Given attributes produces a
greater statistical improvement in verbal problen
solving than the mere provisfon of practice.

(d) Emphasizing the Action-Sequenée attributes of the
" operations produces no statistically significant
ioprovement in verbal problem solving.:

We will..give_‘more‘ consideration to Wilson's findingsl on following
pages. First, however, the summaries of the ’journal-pubiished aritcl;as
on problem solving in arithmetic, grades 1-8, for tﬁe years 1900-1968 by
'Suydam.and Ried'es’elv (;969) are presented. In all, Suydam, Riedesel and
staff exaAmined all the artiéles on arj.thmet"ilc' published in 47 American
and Englieh journals .ahd ayntheeized the f.i.nciinge of 1,104» of the stu-
diés which were 're;-)o:ts of actual eiperiments. Dissertations were also
listed, but n.ot': s)%nthesi'zed. VTh‘e“»findi_n‘gs’ .from. reeéarch cérrie"d out in
the period 1950-_3‘1l968'wer'e einphaa:l.zed‘,: but éignificant .find'inga‘ from be-
fore the éd_vent 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 think in problem solving? .

“Studies by Stevenson (1925) and Cor:l..e1 (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 4aett1ngr?
Researchers such as Bowman (2929, 1932), Browne11?

. (1931), Hensell (1956), Evans (1940), Sutherland (1941),

Wheat (1929), and Lyda and Churchl (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 €lemen-
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 chiid. 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 difficulty of multi-step problems?
Burns and YonallyZ (1964) found that pupils made"

significantly higher scores on the test portions in which

the numerical data were in proper solution order. Berglund-

Gray and Youug1 (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 operations (subtraction and division) were used

first. Thus, an 'add-then-subtract' problem was easier

than a 'subtract-then-add' problem.

What is the effect of vocabulary and reading on problem solving?

Direct teaching of reading skills and vocabulary directly
related to proBlem solving improves ichievement (Robertson,
1931; Dreskei, 1934; Johnson, 1944;" Treacy, 1944; ’
VanderLinde,“ 1964). '

How does woraing affect ptoglem difficulty?

Williams and McCreight (1965) report that pupils
achieve slightly better when the question is asked first
in a problem. Thus, since the majority of textbook

15 study rejected by Gorman.

| 25 study accepted by Gorman.
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series place the question last, it is suggested that the
teacher develop and use some word problems. in which the:
question is presented first. ' :

What is the readability of verbal problems in textbooks and in
experimental materials? o
Heddens and Smith (1964) 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 prescribed by reading formula analysis.

What is the place of understanding and problem solving?

' Pac?r-(l%l) found that groups having systematic
discussion.concerning the meaning of problems made signi-
ficant gains. Irish® (1964) reports that children's pro-
blem solving ability can be improved by (1) developing
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 incorrect
mathematically. For example:

Incorrect Correct
10 apples 10
‘ +6 apples +6
| 16 apples . 16 apples

Does cooperative group problem solving produce better
achievement than individual problem solving?

Klugnanz (1944) found that two children working to-
gether solved more problems correctly tham pupils work-
ing individually. However, they took a greater deil of
time to accomplish the problemsolutions. Hudgins (1960)
reported that group solutions are no better than the inde- ,
pendent solutions made by the most able member of the §
groups. ‘ ;

What is the role of formal analysis in improving problem
solving?

The use of some step-by-step procedures for analyzing
problems has had wide appeal in the teaching of elementary
school mathematics. Evidence by Stevens (1932), Mitchelll
(1932), Hanna.(1930), Bruch (1953), and Chage (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 a close estimate of
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the answer? and (5) 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.

Whet techniques are helpful in improving pupils' problem
solving ability? ‘
Studles by Wilsonl (1922), Stevensonl (1924),

Washburne (1926), Thiele? (1939), Luchins! (1942), Bemis

and Trow (1942), Halll (1942), Klausmeier (1964), and

Riedessell (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 pupil progress, and (11)

sequencing problem sets from easy to hard.

A later summary of research on problem solving and recomnendations
for teaching problem solving was reported by Riedesel (1969, pp. 54-55).
A partial list of his suggestions 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.
Tc assure optimal achievement, pupils must be interested
ir. the problem-solving program. It has been found that
pupils react well to a variety of problem settings. The
use of 'real-1ife settings' may be helpful. Also, it has
been found that use of problems from old U.S. and new
foreign textbooks increases pupil interest.

3. Children at all levels of problem-solving ability
are receptive to supplemental '‘puzzle-type' or enrichment
problems.

4. The use of formal analysis--that is requiring
pupils to answer each of the following questions: (1) What
is given? (2) What is to be found? (3) What operation do
you use? (4) What is an estimate of the answer? (5) What
1s the answer to the problem?--does not produce superior
results in problem solving. However, the use of one of the
stepe 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 answur to the problem. You
do not have té compute your answer.'

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.

c) Ald pupils in the analysis of infor-
4 mation,
d) Give pupils encouragement to proceed,

and praise them when they perform some

process correctly. - :
e) Ald pupils in verifying final solutionsc.
£) Start pupils with easy problems which they

most certainly can get correct with a rea-

sonable g-nunt of effort. ‘

saeT i e

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

10. A best technique has 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
" solving single and multi-step problems.

b) Mske use of drawings and diagrams as a
technique to help pupils solve problems.

c) Make use of orally presented problems.

In all fbe studies and reviews of studies examined thus far, there
is general agtee'mnt that students can be taught to solve problems.
However, as can-be seen, there is disagreement on how it should be done
and of which reports should be accepted as representing good research.

Formel analysis, 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.
However when one or two of the steps are emphasized, aignificant gains
have resulted. Wilso:;'l study (1967) compared the yanted-g‘i\'r_en aﬁproach ~
to teaching problem solving with the action-sequence approach. In the
wanted-given approach the child was to (Wilson, 1967, p. 488):

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-cbild 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

operation indicated.

4. Check by rewriting the equation with the ans-

wer 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 (Hillon, 1967,

p. 495) Gorman did not include the qualification "For the types of one-
step verbal problems used in this study and for the age and grade level
of the children involved--" which preceded the four main conclusions.
The point is that Wilson's study used only one-step problems.

In Wilson's treatnant (1967, p. 55), the wanted-given structure of
the problem was seen as a means-ends relationship. Wilson assumed that
the child "saw" the structure of the problem and expressed the relation-
ship in equation form (p. 57). The equations were always to be written
by the student in direct rather than indirect form. That is, 12 - 5 = n
rather than n + 5 » 12. A sample problem from each category used by

Wilson in his study best illustrates his treatment.

v, 40
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Sample 1. Problem (p. 60)

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

Classificatioh

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

Wanted-given structure of addition
94+43=n or 3+9%=n
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?

Clagsification
A problem in which the size of one part
i{s 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
vanted and the sizes of the total and the
other part are given. :
Wanted-given structure of subtraction
12 +3=n
Sample 4. Froblem (p. 62)
Bob had some marbles. He lost 3 of them.
Then he had 9 marbles left, How many marbles
did Bob have to bagin witht ~ S

' Olassification
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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+49=n

Unfortunately, the proportion of problems requiring each of | the
four basic operations in Wilson's texts was not the same. Of the 30
items on each of his posttest and retention tes.ts, 9 were addition pro-
blems, 13 were subtraction préblemn, 3 were multiplication problems, and
5 were division problems. As indicated by the examples, the exercises
were quite easy and few purely computational errors were made. Wilson
(1967) concluded that selecting the properv operation was of primary im-
portance. "The group which became superior in choosing correct opera-
tions also became superior in obtaining the correct answers (p. 229) "

Marilyn Zweng (1968) criticized the. action-sequence program used by
Wilson (1967) for not being flexible enough in its instructional approach.
That is, although there are several ways to solve most problems, she con-
tended that the children in the action-sequence group wer‘e led to believe
there was only one correct mathematical model for each problem. Even
though Wilson's article was necessarily a shortened version of his disser- i
tation and did not include all the details, there was not enough evidence
to support Zweng's criticism in full. However, the extent of control re-
quired to maintain the distinctiveness of each treatment in Wilson's
study did tend to restsict the flexibility more than one might expect in
each treatment ﬁad it been carried out separately under less rigorous

conditions, Bach treatmen:: required the student to recognize a number of
situations in which the structure was different or the action sequence

varied. In the action-sequence treatment, the child visualized or imag-

ined the ’nction taking place in the problem and vas required to write
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the corresponding mathematical sentence in exactly the order indicated by
the actiqn sequence (Wilson, 1967, p. 26). This required an almost exact
tfahslation of the action taking place into mathematical terﬁ_s 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
of a direct mathematical sentence (Wilson, p. 43). 1In some cases ex-
pressing the relationship in a direct equation amounted to two l.tepl for
students in the action-sequence treatment. They w;re required to imagine
a iecond step, the direct equation, if the acti.on sequence indicated an
indirect equation. That is, if the action sequencs 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 study was aimed at reducing the number of cases a student had to
kaop.,in mind while trying to solve a problem and at the same time make
the eolutioﬂ 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 emphasized the no.tion of two alternatives, that
is, two steps. First, students were instructed in the use and meaning of
the terms "sum," "addend," "product," and "factor." Following this, they
were given practice in solving simple equations, such as 15 + 10 = n.
Next, students wére 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 = 20 ¢ S.
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The instructional program emphasized that there'were-bqsically just
two kinds of problems, sum problems and product problems. A sum problem
is one 1ﬁ which two or more quantities are beiqg gombined., ane a stu-
dent established that the problem was a sum-type problem, only two oper-
ations were possible, addition or subtraction, If the problem involved

direct addition, such as a + b = ¢, or if it had one of the addends miss-

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

larly for product problems, once the student determined it vas a product-

type problem, just two operations were poooiylg, multiplication or divi-
sion. The easier of the two operations was multiﬁlication, multiplying
the factors a x b - ¢, to find the product. If one factor was missing
(wvanted) and the equation was the form a x n = ¢, then the solution was
n=ct¢a,

Beginning with one-step problems, the program led the student to

make choices between two alternatives at each step. Keeping the number

of alternstives to two is in keeping with the findings of earlier studies

(Thiel, 1939; Hiééboll, 1932) and facilitates both underatanding and in-
.tructiéh through omphnaia'on-vocnbulnry (Vanderlind, 1964).

Figure 1 presents the decision structure of the program. At level
1, the student must decide whether the problem is a sum- or product-type
problem. At level 2, he again must make a choice of whether to supply
a sum, an addend, a product, or a factor.

The transfer of this approach to multiple-step probiems is direct.
The decision structure is simply a nested set of wanted-given ssquences
in which the rules from case to case do not vary. This sequence is pre-

sented graphically in Pigure 2. For example, a factor may itself be a

sum. The student must find the sum (step 1) and then use the sum as one

i 44
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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 fecognize the overall structure of the problem would
improve their understanding 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 {dentical in structure to that used 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, 9 + 3=12 or
3+ 9 =12.

The second example Wilson gave (p. 61) would also be classified as
a sum problem of the form 9 + n = 12. However, since one of the addends
was missing, the problem had to be solved by using the equation
n=12-9.

The third case cited by Wilson (p. 61) was also a sum problem in
terms of the present program. ‘The equation was n + 3 = 12, The equation
n=12 - 3 had to be used to £ind the number of marbles remaining.

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

Several pages from the {nstructional treatment which illustrate
various stages of the program, are included in Appendix A,

In summary, the key differences between Wilson's program and the ap-

proach uzed in this study are:

Ifl47




1. Each problem, as a first step, was identified

according to one or two basic types, sum- or
product-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 wvhole (Wilson, p. 36-38).

3. The number of rules to be learmed and remembered
by the student vas smaller as was the number of
different types of problems (see Figure 1).

4. The meaning of the terms "sum,” "addends," "product,"
and "factor" were stressed throughout the program.
These terms were not emphasized in Wilson's study.

5. Where appropriate, students were encouraged to

write indirect equations for the first step as

expressions of the problem type rather than re-
quired direct equations in each case (Wilson, p.
43). Direct equations were treated as the na-
tural solution to indirect equations. That is,
12 - 9 = n is the solution to 9 4;n = 12,

The instructional program itself was presented to studeats in pro-
grammed-booklet form, one booklet each day for 16 days. The program was
similar to that of The Productive Thinking Program in approach, in that
students were to follow a story line a&bout a boy, Bill, and a man,

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

blems. The man in the story was trying to help the boy become & good

o : ‘ 148
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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

iomediate 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 through
systematic instruction in The Productive Thioking Program. The results
of deveral 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 simple 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 general suggestions from previous
research on how one ought to go about teaching students to solve pro-
blems. Any educator who wishes to prepare an instructional program in
prablem solving must glean, from the best of what others have attempted,
the techniques he feels 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

posttést measures of problem solving skilla between

students who receive training in general problem solving

techniques as presented in The Productive Thinking

~-49
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Program and students vho are taught more specific

skillr for lplving problems in mathematics in a
totally mathematics context using the Modified
Wanted-Given Program.

2. Students in eitl;ur of the treatment groups, The
Productive 'rhtniig Program or the Modified Wanted-
Given Program, will not achieve significantly
higher scores on measures of problem skills than
students in control classes who receive no spe-
cial instruction in problem solving.

3. No significant differences will be apparent be-
tween the achievement of boys and girls on tests
of problem solving skills in the treatment groups.

We turn now to the design of the experiment itself.

]
i
1
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CHAPTER II

EXPERIMENTAL DESIGN

As stated in Chapter I, the purpose of this study was to compare
experimentally the differential effects of three instructional prc;grams
on problem solving and on measures of problem-solving skills of fifth-

grade students.
PROCEDURE

Three treatments--The Productive Thinking Program, the Modified

Wanted-Given Program, and The Control (no treatment)--were administered
to eight classes of fifth-grade 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 constituted the
3% 2 .factorial design of this study, which was as follows:

0 X % 9%

0, X, 0, O3
0, 0, 03
vhere 0y is the pretest, X, The Productive Thinking Progrem treatment,
x2 the Modified Wanted-Given Program treatment, 02 the posttest, and O5

the follow-up test which was given seven weeks after the posttest. The
schedule for each event was as follows:
Pretest (in all four schools) Thursday, October 22, 1970.
Treatment (in three schools) Monday, October 26-Tuesday,

L5
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November 16, 1970 (there was one school holiday in

the treatment period).
Posttest (in all four schools) Wednesday, November 18, 1970. )

Follow-up test (in all four schools) Thursday or Friday,

January 7 or 8, 1971.

Subjects. The 261 subjects of *his study were all students in
fifth-grade classes in four public schools in the Cupertino Union School
District in Santa Clara County, California. The distribution of sub-
jects by school, class, treatment, and sex is shown in Table 1. All
students (a total of 287 that included 26 special students identified
and classified by the school as either gifted or educationally handi-
capped to avoid discrimination of any sort) took part in 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 treatments were pre-
sented to students in programmed booklets. In each treatment one book- i
let was given to each student each day for 16 consecutive school days. |
Booklets were randomized using a table of random numbers (Fisher and
Yates, 1957) and handed out daily to students in the three experimental ;
schools within each class beginning with the first day of the treatment x
period following the pretest. Each student remained in the program to
which he was assigned on the first day for the remainder of the experi-
mental 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

. 02
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Subtotal | 18|15 | 1611915} 15|11 11 J16 §19 |17}19

TABLE 1

Distribution of Students by Class, Sex, and Treatment

M

Treatment Classes Classes
Sex A B Cc D E F G H Total

P WG plwe]| p|we] PIwc | PIWG | P|WG

Boys 7 10} 71 4] 5]7] 6 717]10 20| 22 127
Girls 11| 8 6l12j11lo]| s} sy 8j12j10} 9 16 | 12 134

-~
(-]

Total 33 35 30 22 35 36 36 | 34 261

aThe number of students in The Productive Thinking Program.
bThe 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, one had prior experience dealing with children in a
school situation as a substitute teacher for a short time, and the other
had served as 8 teacher aide in a junior high school the previous year.
All aides were given the pretests before the experiment began to famil-
farize them with the procedure. The purpose of the experiment and the
role they were to play were carefully explained. -Bach aide was given a
set of printed instructions to follow the first few days of the experi-
ment (see Appendix B). Further, aldes were instructed not to discuss
the problems with students, although they could answer any questions and
act supportively and pleasantly. 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 before noon each day in each school.
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The aides distributed the instructional materials at the beginning
of each class period. At the close of each class period the instruc-
tional booklets were picked up by the aides so that no booklets remained
at the scaool. The classroom teacher; did not participate in the admin-
fstration 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 materi.ils. Their only contact with the experiment was
during the initial meeting held at each school at which time the purpose
of the experiment was explained and their cooperation was requested.

The daily treatments were given during the regular mathematics per-
fod, 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 Program received no
mathematics instruction for 16 days, because that program contained none.
Those students who were assigned to the Modified Wanted-Given Program
received instruction emphasizing the solution of problems, as described
earlier, rather than computational skills. The control classes followed
the state-adopted text which contained no special emphasis on problcm
solving and few problem-solving exercises. The teachezs of the control
classes agreed not to instruct students in .problem solving during the
time the experiment was in progress.

Development of treatments. The Productive Thinking Program
(Covington, Crutchfield, and Davies, 1966) is a copyrighted, commer-
cially available program. One hundred sets of the instructional mater-
fals were purchased for use in the study. The program itself is des-

eribed in detail in Chapter I.
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The Modified Wanted-Given Program was developed by the author for
this study. 1Its content and approach are also described in Chapter I.
Preliminary versioas of the daily lessons were prepared and tested in
a single fifth-grade class which vas in a school in the same gene:xal
socioeconomic area and school district as the classes that participated
in the experiment. In all, 10 students worked through the first 10 les-
sons of the program. Based on their performance and the teacher's rec-
ommendations, the program was revised. The revised version in 16 daily
lessons constituted the Modified Wanted-Given Program treatment. Since
the first 10 lessons contained the instructional sequence, piloting only
the first 10 lessons was considered sufficient. Lessons 11-16 contained
{nternal tests and extensive reviews of the material introduced in the
first 10 lessons.

Measuring instruments and scoring procedures. The pretest consistal

of four scales--Pigure Classification, Working with Rumbers, Arithmetic

Reasoning, and Hidden Figures--which were to be covariates with the
posttest and follow-up test scales. Statistics on each are given here,
along 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 Pigure Classification Test developed by the Educational
Testing Service (ETS) (1962), which ftself 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 1imit of 8 minutes. Many of the items were thought to be too dif-

ficult for fifth-g_tada students.

Pies
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selected for use in the present study.

examples, are given on the following page.

as a factor.

A form of the Pigure 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 {toems which correlated most highly with the total test score were

The instruction for the Pigure Classification Test, together with

No scale statistics were

nine items, was set at 10 minutes to decrease the importance of speed

ducted by the School Mathematics Study Group at Stanford University.

description of the scale, the scale statistics, and a sample test item

follow (NLSMA Reports, No. &, 1968, p. 33).

spring Year 2
Crade §

common with X313.

(A) 11 (8) 13 (¢) 28 (o)

SCALE STATISTICS:

MEAN = 5,66 ALPHA = 0,68
ST.DEVs  2,.b. ERR,MEAS= 1.49

Q v 56

X307 WORKING WITH NURBERS (12 ttems; 20 minutes) This scale is

3u|gnol to measure ability to perform operations using whole

numbers according to written directions. It has five items In

EXAMPLE: The sum of the odd numbers less than & and
the even numbers less than 9 Is

V2 (E) S

SAMPLE SIZe= 1332

available from ETS for this test. The time limit for the revised form,

The second scale, Working with Numbers, was a test used in the five-
year National Longitudinal Study of Mathematical Abilities (NLSMA) con-

A




FICURE CLASSIFICATION -

This is a test of your ability to discover rules that explain things. In each
problem oi. this test there are either two or three groups, each consisting of three
figures. 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.

low 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 shaded. In the second line a 1 has been written under each
figure that has a shaded square as in Group 1. A 2 has been vritten under each
figw'e with an unshaded square as in Group 2.

Group 1 Group 2
Z | < 1 7 | < 7 | 2 7
Now try this more difficult sample, vhich has three groups:
Gr Group 2 Group 3

/,01/ Sl x|t >‘]—
eI

|

The figures in Group 1 consist of both straight and curved lines. The figures
in Group 2 consist of curved lires only. The figures in Group 3 consist of straight
lines only. Ae you can see, there are other details that have nothing to do with the
rule. The answers are: 1, 1, 3, 1, 2, 1, 2, 2.

Your score on this test will be the mumber of figures identified correctly minus
a fraction of the mumber marked incorrectly. Therefore, it will not be to 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 TURK THIS PAGE UNTIL ASKED TO DO SO.

Copyright @ 1962 by Educational Testing Service. All rights reserved.
A University of KRorth Carolina Adaptatioh of a test by L. L. Thurstone
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ITEM STATISTICS:

ITEM INDEX 1 2 2 L} 5 6 7 8 9 10
P 69 79 52 5 7% 42 51 37 31 a7
ADJ, P 69 79 52 65 7% 42 51 37 31 17
BISERIAL 56 52 56 39 47 53 89 48 37 01
PERCENT NT 0 0 0 0 0 0 0 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

P 31 38

ADJ, P 31 38

BISERIAL 39 9

PERCENT NT 0 2

PAGE NO. 188 188 :

ITEM NO. 11 12 i

The third scale, Arithmetic Reasoning, also a NLSMA test, was

adapted from the Necessary Arithmetic Operations Test. The description

of the test follows (NLSMA Reports, No. 4, 1968, p. 180).

PX217 NECESSARY ARITHMETIC OPERATIONS ) (15 items; 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 to carry out the computations. It is similar
to PY222, PY610, PY701, and P2222.

EXAMPLE: Jane's father was 26 yéars old when she was born.
Jane is now 8 years old. How old is her father now?

(A) subtract (c) add
(8) divide (D) multiply

SCALE STATISTICS:

"MEAN = 10.80 ALPHA = (.84 SAMPLE SI1ZE= 1465
ST.DEV= 3.56 ERR.MEAS= 1,41

v dse - m—— b




ITEM STATISTICS:

ITEM INDEX 1 2 3 L] 5 € 7 8 9 10
P 9% 8& 84 78 67 88 64 89 79 75
ADJ. P 94 84 84 79 67 89 65 92 83 81
BISERIAL W3 61 67 70 53 68 55 713 73 75
PERCENT NT 0 0 0 0 1 1 2 3 5 ?
PAGE NO. 117 117 117 117 117 118 118 118 118 118
ITEM NO. 1 2 3 L] 5 6 7 8 9 10
ITEM INDEX 11 12 13 1% 15
P 60 5S4 . 65 61 37
ADJ. P 67 65 82 83 53
BISERIAL 55 4l 82 61 35
PERCENT NT 11 16 21 26 31
PAGE NO. 119 119 119 119. 119
ITEM NO. 11 12 13 1% 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 | (16 items; 15 minutes) This scale was
patterned after the French Kit Form Cf=-1, Part !. 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. It is
similar to PX820, PY223, PY819, and P2223.

EXAMPLE:

ATV ODL

(A)

"SCALE STATISTICS:

MEAN = 7.49  ALPHA = 0,81
ST.DEv= 3.92  ERR,MEAS= 1.70

SAMPLE SIZE= 1461

A !
i
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ITEM STATISTICS:

i TEM INDEX 1 2 3 b 5 6 7 8 9 10
P 72 52 58 61 51 36 39 55 53 60
ADJ. P 72 Ss2 58 61 52 37 40 57 56 65
BISERIAL 41 50 55 51 52 38 56 58 62 60
PERCENT NT 0 0 0 0 1 2 3 4 5 7
PAGE NO. 105 105 105 105 106 106 106 106 107 107
ITEM NO. 1 2 3 4 5 6 7 8 9 10
ITEM INDEX 11 12 15 is 15 16
P 46 58 33 27 32 18
ADJ. P 51 66 40 36 43 27
BISERIAL 41 53 S6 S50 73 59
PERCENT NT 11 13 18 24 27 3%
PAGE NO. 107 107 1908 108 108 108
ITEM NO. 11 12 13 14 15 16

There is a possible speed factor in this scale. The interpre-
tation of the alphu 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 Numbers and

Five Dots and a s_eti of five word problems developed specifically for the
study.
Thé first scale in the posttest was an expanded version of the

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

'cribed below consistg of eight items, only the first three ii:ems are not

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

160
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Reports, No. &4, 1968, p. 35).

SCALE STATISTICS:

MEAN = 3,49 ALPHA = 0,55
ST.DEV= 1,85 ERR.MEAS= 1,24

I TEM STATISTICS:

ITEM INDEX 1 2 3 b

B P 3 24 77 52
o ADJ. P 3. 02025 77 52
- B1SERI AL 17 34 42 50
PERCENT NT 0. 3 0 0

PAGE NO. 172 176 181 185

I TEM NO. b 12 23 3

scale of 195 items. The scale statistics for X31) are given below (MLSMA a

X313 ANALYSIS 1 (8 items) This scale is intended to measure
ablility to analyze a problem situation and to apply knowledge
appropriately. This scale has two items
and five items in common with X307.

in common with X304
is the same as X611.

EXAMPLE: What number does { stand for If
3 xhx 5= 12 x¢ Isatrue statement ?

(A) 20 (8) o (c) 3 (D) &4

SAMPLE SIZE=

33




The second scale in the posttest wvas called Five Dots. The des-

cription of the scale and statistics are given here (NLSMA Reports, No.

4, 1968, p. 34).

X308 FIVE DOTS (19 Items; 15 minutes) This scale Is designed to
measure abllity to read a passage about a 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.) It Is constructed to be
loglically parallel to X715.

SCALE STATISTICS:
MEAN = 10.50 ALPHA = 0,85 SAMPLE SIZE= 1330
ST.DEV= 4,68 ERR.MEAS= 1,78

ITEM STATISTICS:

ITEM INDEX 1 2 3 b 5 6 7 8 9 10
P 76 61 81 79 70 66 77 51 66 61
ADJ. P 76 61 81 79 70 66 77 51 67 61
BISERIAL 60 52 69 59 59 61 69 68 68 66
PERCENT NT 0 0 0 0 0 0 0 d 0 1
PAGE NO. 191 191 191 191 191 191 191 192‘ 192 192
ITEM NO. 13 14 15 16 17 18 19 20 21 22
ITEM INDEX 11 12 13 s 15 16 i7 18 19
P _ 62 41 33 34 35 37 34 46 41
ADJ, P ' 63 41 33 36 36 40 37 52 47
BISERIAL 68 52 54 43 48 61 49 47 46
PERCENT NT 1 1 2 b 5 6 9 11 13
PAGE NO, 192 192 192 193 193 193 193 193 193
ITEM NO, 23 24 25 26 27 28 29 30 31

The third scale on the posttest was a set of five arithmetic word
problems. To obtain the problems for this scale, the author pilot-
tested 150 word problems in three different forms in two classes at the
fourth-, f£ifth-, and sixth-grade 1e'vels. Thirty of the problems were
pilot tested' in one class at the fourth-, sixth-, and eighth-.grade
levels to 'determine !:he re-iative difficulty of the problems. None of

\ 3
the classes or schools in which pilot testing was done was included in




the main study. Five problems were selected for use on the posttest.

The problems were chosen as being reprcsentative of their level of dif-
ficulty, in terms of the probability correct in the pilot test, and
their complexity in terms of the number of steps renuired for solution.
A copy of the problems in this scaie, together with the complete post-
test, is included in Appendi- D.

The foliow-up test consisted of thre: scales. The first scale,

Letter Puzzles I was a NLSMA scale. 1Its description and statistics are

given below (NLSMA Reports, No. &4, 1968, p. 53, 54).

X601 LETTER PUZZLES | (22 items; 8 minutes) This scale is designed

to measure ability to handle a novel mathematical situation.
It is composed of addition and subtraction problems in which
some or all of the digits have been replaced 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: ABSB
+ CB

Ty A = B = c=_____

SCALE STATISTICS:

MEAN = 10.68 ALPHA = 0.90 - SAMPLE SIZE= 1138
ST.DEV= 5.71 ERR.MEAS= 1.82 '

s i e :




ITEM STATISTICS:

ITEM INDEX 1
P 81
ADJ. P 81
BISERIAL 63
PERCEN' NT 0
PAGE NO. 268
ITEM NO. 1

2

75
75
60

268
2

3

72
72
52

268
3

b 5
79 W3
79 b3
53 66

0 1

268 268

L 5

6

33
34
74

268
6

7

34
35
70

268
7

8 9 10
74 75 L9
75 76 50
G8 69 68

1 1 2

268 268 268

8 9 10

(continued)

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

rather than 22 separate
cluster scores rather than item scores Is .83,

jtems.

There is a possible speed factor in this scale.

ITEM INDEX 11
P 54
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. 21

12

63
66
LS

268
12

22

15
22
53
32
269
22

13

L8
50
1

268
13

14 15
42 45
Ly 51
65 76

5 11
268 269
14 15

The interpre-
tation of the alpha and the error of measurement is questionable.

18 19 20
27 30 39
34 38 57
77 73 37
21 21 32
269 269 269
18 19 20




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

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

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

X715 DIRECTIONS (24 items; 15 minutes) This scale Is designed to

measure ablility to read a passage about a mathematical idea
which is unfamiliar and to answer 2 series of questions about
this Idea. (No sample item has been included since the intro-
ductory explanation is so lengthy.) It s constructed to be
logically parallel to X308.

SCALE STATISTICS:

MEAN = 15,16 ALPHA = 0.90 SAMPLE SIZE= 1111

ST.DEV=  6.14 ERR,MEAS= 1,93

ITEM STATISTICS:

ITEM INDEX 1 2 3 4 5 6 7 8 9 10
P 70 75 85 42 70 53 83 78 67 47
ADJ., P 70 75 85 42 70 53 83 78 67 47
BISERIAL 68 69 85 60 58 5S4 8 65 70 56
PERCENT NT 0 0 0 0 0 0 0 0 0 0
PAGE NO. 339 339 339 339 339 339 339 339 340 340
ITEM NO. 38 39 L0 41 42 43 uk 45 46 47
ITEM INDEX 11 12 13 14 15 16 17 18 19 20
P 83 69 59 38 46 49 71 72 64 65
ADJ, P 83 63 59 38 47 50 72 73 65 66
BISERIAL 85 70 56 38 70 53 72 84 70 77
PERCENT NT 0 0 0 0 0 0 1 1 2 2
PAGE NO. 350 340 340 340 340 340 341 341 341 34l
I TEM NO. 48 49 S50 51 52 53 54 55 56 57
I TEM INDEX 21 22 23 24
P 38 - 66 71 57
ADJ. P - 39 69 77 64
BISERIAL 53 79 71 56
PERCENT NT 3 5 8 11
PAGE NO. ° 352 342 342 342
I TEM NO. 58 59 60 61

fiffgfi
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The third scale in the follow-up test was a parallel form of the

five-item word-problem test given in the posttest. The problems were
fdentical in every respect except that the names of the quantities in
the problems were 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 problem and its parallel had the
same number of words. The problem-solving scale and the complete form
of the follow-up test are included in Appendix E.

Analysis. The data were analyzed using covariance analysis. 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) variances 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
error term (Elasﬁoff, 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 random basis
to‘studénts in each class. The control group received no treatment.
Concerning the assumptions stated above, there was no indication that
the regressions'uéed'were not linéar. The covariate scales were inde-
pendent of treatment effects since they were administered before the
treatments begah. . 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-

66
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cally checked by the computer program used to analyze the data. The
variances were also assumed to be homogeneous, and the achievement
scores were assumed to be a linear combination of the components listed
above.

The analysis of covariance was run using the EMDX64 program
(U.C.L.A., 1967) on an IBM 360/67 computer at the Stanford Computation
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.
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CHAPTER IIIX

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 assumptions .underlying ahalysis of covariance, and
then presents data on the treatment effects on the variate scales for
each covariate.

In Chapter IT the pretests, posttests, and follow-up tests were
described and the Cronbach alpha for each, where available, was given.
Table 2 presents for each test the alpha from the NLSMA data and the
alpha computed from the data of the present study. For the Figure Clas-
sification Test, no alpha was available from the NLSMA data since the
test was not a part of that study. Similiarly, the word-problem tests,
P501 and F502, were developed specifically for this study and therefore
were not comparable with any existing test. As can be seen from Table 2,
the two sets of alphas are comparable although the sample size in the
present study is considerably smaller than that 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 .0l level,

which indicates that the tests apparently measured similar performances,
The figures 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
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TABLE 2 63

Values for Cronbach's & and N fur each Test from
the NLSMA* Data and the Present Study

s
f ’ Cronbach O
4 NLSMA Study Present Study
: Iy : N
: Pretests
|r Figure Classification -- -- .70 285
¢ (%005)
Working with Numbers 68 1332 .59 285
] (x307) |
“ Necessary Arithmetic .8l 1465 8L 285
Operations (Pxa17)
Hidden Figures I (PX218) 61 1461 | .m 285
, Posttests '
Working with Numbers ..68/.55 1322 .65 265
(X307P)
] Five Dots (X308) .85 1330 8 265
] word Problems (P501) -- -- 43 265
Follow-up Tests
Letter Puzzles I (X601) .90 1138 .88 260
Directions (X715) .90 1111 .79 265
Word Problems (F502) - -~ .49 265

*National Longitudinal Study of Mathematical Abilities
**Total N for the present study




TABLE 3

Correlation Matrix for Posttest and Follow-up Test Scales

—— ]

Scales o) 6

Working with Numbers . 0.548 0.500
(X307P) (24k) (228)
Five Dots 1.000 0.434
(x308) (2hk) (228)

Word Problems , ' 0.523
(P501) (225)
Letter Puzzles 0.389
(x601) | (233)

Directions 0.438
(X715) (235)

Word Problems 1.000
(F502) (236)

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

P(lrl> .19) < .001 for N - 24k
P(irl> .20) < .001 for N = 222




TABLE 4

Correlation Coefficients for Each Posttest and Follow-up Test
Scale with the Covariate Scales for all Students

—_— I e
Scales 1 5 3 N N

Figure Classification (X005) 1

Working with Numbers (X307 ) 2 -03 | 4
Necessary Aritnmetic Operations 3 11 50 ;

(PX217) :

Hidden Figures (PX218) k4 -05 b9 + 35

Working with Numbers (x307P) -09 66 53 b7 240

Five Dots (X308) ' 00 . 48 L5 ‘33 2ko

Word Problems (P501) 26 @ 48 26 237 f'

Letter Puzzles (X601) -01 45 4o 32 229
Direstions (X715) o2k O 36 231

Word Problems (F502) ok by 58 37 232 f“

Note: Decimal points omitted.

P(Irl > .13) < .05; P(Irl > .17) < .01; P(lrl > .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 students had complete sets of data for
all four covariate scales and the Word Problem (P501) scale. The fig-
ures indicating the significance level in Table 4 were compiled using
the smallest value of N. Hence, for the larger N the values are at
least at the same level of significance as those shown. Except for the
Figure Classification Scale (X005), the correlation coefficients were
all significant at the .00l level. The low or negative 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 a
student's ability to discover rules and explain things. It had been
assumed t;hat this scale would be positively and strongly correlated with
the .other scales used. The correlation coefficients in Table & also' in-
dicate. that the Figure Classification Scale (X005) was not positively
and strongly correlated with other pretest scales. Apparently the fac-
tors measured by each of the other pretest scales were quite different
from those measured on the Figure Classification Scale (X003).

The correlafion coefficients for each test for each treatment with
each of the covariates are given in Table 5. The figure for N in each
treatment group indicates the number of students in each group for whom
there were complete seis of data for the four covariates and the criter-
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 _I_’_r_;_);-

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

greatest number of highly significant correlations is Necessary Arithmetic

72
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Operations followed by Working with Numbers. The number of significant

corre ations (P < .0l) of variate sciles with covariate scales was
highest for girls in t;he Modified Wantec-Given Brogram. 'J.'hle‘ only‘cova.ri-
ate scale which was consistently highly correlated (P < .0l) 'with Word
Problems (P501) was Necessary Arithmetic Operations. With the exceptiomn
of boys in the control group a significant correlation (P < .01) exists
between the parallel form of the word problem scale (F502) and ghle same

covariate, Necessary Arithmetic Operations. Differences in the numher

‘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 < .0l1) was
found in the data for students who received the Modified Wanted-Given
Program.

The F-ratios in each row of the first four columns of Table 6 were
computed using a one-way analysis of variance. The smail differences in
f-valves in the first four columns were due to the variation in sample
size. in each cell as described earlie‘r. Significant relgtionships were
found to exist between the variate scales and two of the covariate scales,
Figure Classificetion und ﬁecessary Arithmetic Operations. The fiading
that significant differences did exist between covariate scales suggésts
that the use of covariance »tedhniques for dat:a analysié was appropriate.

The F-values for regréssion in Table 6 were computed using analysis
of covar:l.a'ncg. .As. may Le seen in the Regréssion Colunn there were no
significant differences due to regression., This indicates a lack of
heterogeneity ani1 theraby éatisfies 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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F-Ratios by Posttest and Follow-up Test Scale

TABLE 6

for Each Covariate and the Regression

69

Covariates
Work. Nec. Hidden
Fig. with Arith, Figures
Scale Class. Nos, Oper. I Regression
Posttest
Working with Numbers  3,02% 1.49 3.19%* 0.30 0.706
(x307P) |
Five Dots (X308) 3.02% 1.49 3.19%* - 0.30 1,559
Word Problems (P501) 2.98% 1.46 3.06% 0.31 0.869
Follow-up Test A
Letter Puzzles T 4,17%% 0,91 2,78% 0,20 1,083
(x601)
Directions (X715) L, o6%**x 1,1 2.,93% 0,22 0,802
Word Problems (F502) L4, 30%¢* 1,07 2.95% 0.202 1.423
*P < .05
**P < .01
HHP < ,001
TS
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The raw score means and standard deviations of criteriqn scales and
covariates are shown by criterion test and treatment group criterion in
Table 7. The adjusted score means for each treatment group are presented
in Table 8. The effects of the covariance ad justment on the means may Le
seen by comparing corresponding entries from Tables 7 and 8.

The F-ratios for scale imean, treatment effect, sex, treatment x
sex interaction, and covariates with each criterion test are show.n in
Table 9. One of the mean scores, the mean for Word Problems (F502), was
not significantly different from zero. This was a surprising result.
There were no significant differences due to treatment on any of the
variate scales at the .05 level or beyond. Significance at the 0.1
level on the follow-up test, Word Problems (F502), wes indicated for
studente in the Modified Wanted-Given Program. The single significant
treatment X sex int.:(;raction (P < .05) was found for the posttest, Word

Problems (P501). Boys in the Modified Wanted-Given Program gained sig-

- nificantly more than did the girls receiving that treatment.

The cox'nbinat:.ion of covariates, labeled Total Covariates in Table 9,
had a highly significant (P < .005) relation to the criterion scores.
When coisiderad separately, Covariate 3, Neicessary Arithmetic Operations,
was also found to have a uignificant (P < .005) relationship to each cri-
teri.or- score. .Non.e of the other covariates was significantly related to
all the criterion »scc.;.'es. However, all covariates were significantly re-
lated (at l=ast P < .0l) to the pdsttest, Working with Numbers_(X367P).
e F-statistic for Word Problems (P501) and Covariate 1, Figure Classifi-
catior, was significant (P < .0l1) for the posttest, but not for the follow-

up test (F502). The scnle Working with Numbers (X307) was not signifi-

cantly related to Word Yroblems (P501) on the posttest, but was signifi-
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TABLE 8

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

Productive Modified . ‘ f
Thinking Wanted-Given |
Scale Program Program Control Total
Boy Girl Boy Girl Boy Girl
g Posttest
! Working with Numbers 6.30 6.7k 6.74  6.32 5.95 6.13 6.40
i (x307P) ~
] Five Dots (X308) 11.k2 10.80  11.81 10.83  11.60 10.17  11.07
‘ Word Problems (P501) 1.17 1.63 1.85 1.50 1l.k2 1.51 »1'.52
Follcw-up Test
' ‘Letter Puzzles (X601)  10.74 10.24 10,48 9.59  10.37 10.95  10.3h4
Directions (X715) 13.68 12.90 14,02 13.52  13.92 12,71  13.k4k
Word Problems {F502) 1.53 1.64 1.99 1.79 1.52 1.5k 1.69
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cantly related (P < .005) to the parallel form (F.502) in the follow-up
test. This would seem to indicate an increase in the influence of com-
putational skills on problemv solving over time. The .covariate scale.
Hidden Figures had a marginal statistical relationship @ < .lO) 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 (X307P)
after the three items which distinguished it from X307 were removed.

The two tests were then identical. One 'test svas given as one of the
pretests. Four weeks later the other was given as a posttest. A t-
test of the mean gain scores on the two tests was computed. No signifi-
cant differences in mean gain scores were found for any of the three
treatment groups on X307. |

Mean gains for the Word Problem test (P501 and F502).‘were_also
tested for significance. Each of these'.-tests consisted of five word
problems. The only differences: between items in each scale were in the
names of things used in each problem. The computation required ‘the num-
bers given, the order of problems, and the number of words in each pair
of problems were identical. There were no significant mean gains in
 terms of mean number correct in.l{ord Problem scores over the seven-week
period between the posttest and follow-up testl. The datai" 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

"r‘

tests were more difficult on the aVerage, than anticipated 'l‘he re-

»_sults from the analysis of mean number of problems correct were in-

"'_conclusive, but favored{ the Modified Wanted Given approach

80




75

TABLE 10

Mean Gain Scores on ‘Two Scales: 3
Working with Numbers and Word Problems

- — ' —— " — ——raae 3
Treatment Posttest-
Scale Group N DPretest Posttest  Pretest t daf.
| 1 87 kM8 L4718 0.30 1.28 86 *

Working with Numbers 2 93 459  4.81 0.22 1.04 92
X307P-X307 .3 . 64 5,36 5.11 -0.25 -0.12 6k
Total 24 4,75 4,88 0.13 0.97 243

Word Problems 1 77 1.36 1.51 0,15 1..00 76
F502-P501 2 89 1.73 1.83 0.0 0.75 88

3 59 1.61 1.75 0,14 0.88 58

Total 225 157  1.70 0.12 1.51 224




To get some insight into whether students tried to follow proce-
dures presented in thg instructional treatments in solving each problem,
regardless of whether their computations were right or wrong‘, all sets
of word-problem tests (P50l and F502) were analyzed. A correct procedure
was defined as a series of mathematical operations that would lead to. a
correct solution ;f the computation was correct at each step. Using the
correct procedure was independent of whether or not mathematical senten-
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, F2,199° 12.04) in
favor of treatment groups 1 and 2. There was a sighificaht treatment x
sex interaction (P < .05, Fp 199= 3.32) in favor of boys on P501. The ad-
justed means indic#t:ed that students, in particular boys, who were given
the Modified Wanted-Given Treatment were superior in achic;.vement to those

who were given The Productive Thinking Program and the control group in

that a greafer 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 Treat-
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
sign:lﬁcant (P < .025 Fl 146= 6- 03) treatment x sex interaction in
_favor of boys.

. The result; 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

g g2
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TABLE 11

Adjusted Means on Word Problems (P501) for Procedures

Treatment
Productive Thinking | Modified Wanted-Given Control
Sex Program Program
Boys 2.07 2.93 1.60
Girls ’ 2.28 2.31 1.75
TABLE 12
~ Adjusted Means on Word Problve’ms (F502) for Procedures
Treatment |
Productifre Thinking Modified Wanted-Given Control
Sex Program Program
Boys 2.68 “ 2;96 2.07
Girls 2.40 2.66 1.95
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study had ended. The adjusted means for the posttest are sbown 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 posttes.t’.to follow-
up test was suggestive of some over-all effect, such as maturity or in-
struction. There was no signific_ant 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 <.l0, 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 1 and the con-
trol. On the postfest the adjusted means for girls were higher in these
two groups. In thé follow-up test the adjusted means fpr the boys were
higher. The adjusted means for girls increased most for t;he Treatment 2
group, but the scores for boys in this group did ﬁot increase as much
on.post’ceat'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 anﬂ solution strategy in solving pro-

" blems in arithmetic for fifth -graders.,
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CHAPTER IV

SUMMARY AND DISCUSSION

Rationale. The study was intended to examine which of two ap-
proaches, both successful in their own area, was the better method of
problem solving.in mathematics. Researchers, such as Olton,
Crutchfield, and others have argued for the existence of a general pro-
blem-solving ability and for the transferability of the general problem-
sblﬁing skills developed through systematic instruction to specific dis-
ciplines such as arithmetic. The results of several studies have con-
firmed their position that students who receive instruction 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 been due to the fact that the mathematical tasks used
in some of these studies were too simple to demorstrate the full effects
-of the training. On the other hand, studies have shown that teaching stu-
" .dents a wanted-given method of analyzing 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 beiow.

Purgose. 'l.‘he purpose. of this study was to. test the hypotheses

. that- (a) . there will be no significant differences in scores on posttest
" measures of problem-solving skills between students who receive training

'-i_n general .prob_lems-solving techniques;. as presented in 'g_l_ngProductive

' "79 L St ey
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Thinking Program and students who are taught more spzcific skills for

solving problems in a total mathematics context using a Modified Wanted-
Given Prégram 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 significant
dif.erences between the achievement of boys and girls on tests _of pro-
blem-solving skills in the treatment groups.

Subjects. The subjects in this study were 261 fifth-grade 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

one booklet each day for the 16 days of the instructional period. A

pretest was administered before treatments began. A posttest was given

" the day following 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 schcols. Students in the fourth
school acted as a control, The results were analyzed nsing analysis of
covariance. |

Results. The results are first summarized in terms of mean number
of prbblemé corre'ci: on posttests and follow-up tests:and later in i:erms

of the procedure used by students to solve word problems in fa_r':ithmet:ic.

- On; the basis of the data from the present'study‘, ‘the: results -indicate

vthgt;,,;uypp;hé‘g_i'd‘.l cannot be reje‘_ct:gd’.z:_v;;No significant'.differences»due to

t:re'a;me_nt:, at the .05-‘1éve1-or a_bdve, wére found on anyvof the posttests

. .
‘,". "f-k
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or follow-up tests. However, a difference at the .10 level favoring the
Modified Wanted-Given Program was found on the follow-up test Word Pro-
i)lémS (F502) indicating some degree of sugefiority of this treatmént_ 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

follow-up test were not significant when subject to a t-test.

Perhaps the best indicator of a possible reason for the low-level
significance of the Modified Wanted-Given Treatment on the Word Problem
test is the difference in significance of covariates for Word Problems

hetween the posttest and follow-up test. The covariate Working with

. Numbers did not have a significant relationship with the word problem

-scale on the postt:ést. The relationship was significant on the follow-
up test. This finding tends to confirm an observation.from the field;
that is, the study was begun féirly early in the school year in an at-
tet_np.t to control any teacher-initiatéd instruction on problem solving.
A side effect was that the students involved in. ﬁhe_ study apparently
had had insufficient time .to review their computational skills, so that
their skills were actually below the level assumed by the writer when

he wrote and tested the problems. While tl;e results of the pilot tests

- gave no indication that the computational level was too difficult,

close examination of the instructional booklets used in the Modified

- Wanted-Given Treatment indicated that many of the children had difficulty

multiplying by .two numbers, while others had difficulty with long divi-

sion,. . -
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T Hypothesis 2 cannot be rejected. There were no significant differ-
ences in achievement between treatment groups and the control group on
any of the posttests or follow-up tests. While the adjusted means on

the word problem test for the -=ontrol group were somewhat lower than

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

The Productive Thinking Program.

]

l

those for students in the Modified Wanted-Given Program, f:he scores of }
1

|

!

Of the six criterion tests, only one, Five Dots (X308), had a signi-
ficant (P < .05) treatment x sex effect. 1In terms of the statement of

Hypothesis 3, this was nut 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 Word

Problem scales had low F values, Hypothesis 3 should not be rejected.
Two subsequent analyses, using covariance adjustment, of the proce-

dures employed by students to solve problems in the Wor.;d Problem scales

P501 revealed significant differences (P < .001) in favor of the treat-

met'\t' groups over the control, and a significant difference (P < .005) in

favor of the Modified Wanted-Given Program over The Productive Thinking
'frogram. " Students who wefe 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 the'ir ‘peers in either of the

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

4' ity‘of the instructional approach ‘_u?ed in the Modified Wanted-Given
Program, at least in the short term. The significance level in favor

* of the ttgatmené'grbup's over controls on the follow-up test F502 was

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

.1 88
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Given Program over The Productive Thinking Program on the follow-up test

was not eignificant at the .10 level, when comparing the two treatment
groups. .There was however, a treatment X sex interaction (P‘< .10) in
favor of boys in the Modified Wanted-Given Program. The effects of in-
struction and possibly maturation during the interval before tne follcw-
up test, may account for these findings, since all adjusted means were
higher on the follow-up test than on the posttest. This may indicate a
greater degree of independence between computational facility and problem-
solving ability in terms of knowing how to go about solving a problem

than was previously suspected.

Limitations. The data analyzed and reported in the present study

were collected from students in schools in a predominately white,
middle-class socioeconomic area. All students in the study were fifth
graders. Furthermbre, the extremes in terms of gifted‘and handicapped,
whether physical or educational, were not included in the‘data reported
here. Any conclusions one might wish to draw must of necessity be made
witﬁ the chﬁractéristics of the sample population clearly in mind. Per-
haps the most important limitation was the finding that none of the

pilot study groups reported the computational difficulty with the pro-

_ blems presented in the Modified Wanted-Given Program treatment that

students in the main experiment reported. Had the study been delayed
until after Christmas, thus permitting teachers to complete a thorough
review of the basic éomputationaliskills in each class, sigrificant ef-

fects in terms of the number of problems correct on each scale might

‘have resulted.

.-.Conclusions énd Imgllcatibns.. On the basis of the data presehted

~and within their limitations, it would apbear that teaching problem

788
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solving in mathematics to fifth graders can best be done in a mathema-
tical context using a wantéd-given approach. One should npf necessarily
expect gains in the ndmber of problems correctly solved, unless the _
teaching of problem-solving strategies is accompanied by insfruction in
the appropriate computational skills. The independence of these two
factors seemed to be demonstrated when students 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 problem solving was more effec-
tive in this study in helping students to use correct procedures than
not providing systematic instruction. This would seem to say that those
who contend that students learn to solve problems by simply doing lots.
of problems may in facﬁ be taking the long way home. Students may learn
to solve problems that way, but students in the presenf study who re-
ceived either treatment uséd»appropriate strategies much more often
.(P._ < .005) than did the control groué.‘ This does not mean however, that
following any "systematic" program will produce better results than sim-
'ply having students solve.lots of problems;

- Suggestions for research. Tho question of the significance of com-

putational difficulty in problem solving in mathematics is an open issue.
Students in this study were sometimes observed to block when faced with
a~difficult-computationai'exercise, and as a result, were unable to pro-
ceed at all foward.the;sélution~of.the'problem. =

The effect;of_WOrding in problem stafements is still largely un-

V~known; Itfigxcléat,ffroﬁ the pildtigtgdy;wq;k_done”he;e3 h¢w@ver; that

gimp1y5;gqtaering ;hg'septencesgipfé:prpblem_gtatemeptﬁqan.stgnificantly
affect the difficulty Leyeikof a problem.

02090
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y _ :
| % The effect of a student's age and the approach used in this study
| remains open. orrance, as mentioned- earlier,,suggested that after the
sixth grade students appear to reach a plateau in problem-solving
achievement when the treatment vehicle is a series of programmed les-
sons such as those.used herein. His studies were all concerned uith

general problem-solving ability. It would be most interesting if one

l " couid determine age-boundaries in the effectiveness of a progremned ap-
_proach to instruction in problem solving in mathematics if indeed such

boundaries do exist.

A large number of other,questions.which relate to determining the
relative difficulty of word problems_renain to be answered. That is,
what variables can one identify that influence the difficulty of word'
probliams for students? Some of the variables that night-be 1nvestigeted
are the number of uords used in the problem statement, the syntactic
difficulty of the sentences themselves, the sequence or problems pre-
sented, the number and type of operations required'for solution, the .

;menoryjloed'imposed by the problem solution sequence, the discrenancy
between the order in which the numbers are given in the problem state-
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 ebility of students is very interesting. In most cases, in

~ the author's exﬁeiiehce; probiem-solviné.tests'are scored solely on.the .

; basis of -the number of problems solved correctly, and no attempt 1s

made to. exemine the procedures students may have been using.‘ It;may be

"91:




that students are often taught how to proceed to solve problems cor-

rectly, but their new knowledge of how to solve a ’partic'ulax; set of

. problems ﬁay be maskeci by thg presehée' of.‘c':bmputafibhal‘err‘or“s . Com-
putation and problem-sblvin_g abbi_lilt:'y may be h:lghly" cérrelateci as. many
studies show, but the best meaéur'e'of skill in proklem solving w1:11 be
one whicin brings to light the prc;cedurés used by students to solve pro-
blems as well as t‘o’ give the correct answers. Studies of the s_ori: re-

- ported here are needed to confirm or counter the differences noted above.
If the findings and conclusiops are suébort’ed' by other sfud:[es,‘ then work

should begin on the developmeni: of new measires of problem solving--

measures that evaluate both computation and procedures.

A




CHAPTER V

REVIEW OF RESEARCH IN PROBLEM SOLVING

ON A COMPUTER-BASED TELETYPE

The first attempt at IMSSS to apply the linear regression 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 second study on word-problem variables usiné regression models was
reported by Loftus (1970). .What is desired from models of this sort is
that they identify aﬁd define structural variables that are suspected to
account for differences in thé 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 to the several objectively defined.
variables suspected of con;cributing to the relati\}e difficulty of thel
problems, and then to usé the estimates of the variables in predicting
the relative difficulty of ;a iérge number of problems.

A discussion of the regression model is not given here, since it
" has been described in detail in the thrée references ‘cited above. Rather,
the focus of this ehapte‘r is on a .review of the variables used in the
first two": ofzthe pré\(ious studies, on their definitipns, and on how
well each accounted for the variance oBsér-ved iﬁ d:jéta from a neQ set of
pr'oblems" not slélvéci‘at a teletypebut in a reéhlar 'clz.a:séréoxﬁh;t.lsir’iig pafpver
and pénci'l; : Séine addi’clonal variébles'{vﬁiéh' .v'r.ere»' déireléﬁed and used. |

later are also discussed.

Loer
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The variables used in Suppes, Loftus, and Jerman (1969, p. 7) were
as follows.
X, Operations: the minimum number of different operations
~ required to reach the correct solution;
X, Steps: the minimum number of steps required to
reach the eorrect solution;
X _Length: the number of _woi‘ds in the problem;
X1+ Sequential: assigned a value of 1 if the prdblem is
of the same type (i.e., can be solved by
the same operation(s)j as the problem that
preceded it, and.O .otherwise;
Verbal-;cuei assigned a value ’of J if the prob.lem con-
| tains a ver‘nal cue to the operation(s)
.required‘to _solve_the nroblem, and O
_ othernise; |
X6 Cenversioni assiéned a yalue Qf 1 if a conversion of
units .is required to solve the -problem;

and O otherwise.

" The 1969 study reported the results of - the goodness of fit for 68

“word problems Wthh 27 gifted fifth- grade students solved as part of their

daily CAI*program-.v 'The- regression-equation-- for all 68 items was .

1f’796+ 87Xil+ 18x2+ 02K+ 26x +11+2x6

3 5..

‘..lv

'l'he multiple R was ‘.67 w1th standard error of l 75, and an R2 of 1+5

IR ST

The )? value for the 68 1tems was 555 76 1nd1cat1ng a rather poor fit

for the model

1nd1cates significance at the o 05 level..,_. R

H’ 94
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Perhaps cne of the variables in the above set which reguires a

description for clarification is X5, verbal cue. The following words

were considered cues.

Word Cue for
and addition
left subtraction
each - multiplication
average

or division
each

The conversion variable was defined for the situation in which the
student was to recall a fact from memory,‘such as 1 week = 7 days. .This
conversion, or substitution of units was a 0, l-variablel

Several people in the Institute became interested in formulating
variables and testing_their goodness of fit on the data from the Suppes,
Loftus, and Jerman (1969) study. In particular, Dr. Barbara Searle
formulated and tested several vapiables using the data set frbm the

| 1969 study. The set of_variables sheitested consisted of a mixtﬁre of
some of thé above variable;»and some new variables which she formulated.
The vﬁriables were defined as follows: - |

Operations: ° the minimum number of op9rétipns required to

reach a correct solution (values range 1-4).

E _Sﬁeps: _ . the minimum number of binary operations, steps,
. needed to reach‘a_solution,(#alueArange 1-7).
- Lengthy ‘"“b‘.“thg_ndmber;prWOrds in the problem (value range

751,




Conversion: this factor is present if a conversion is required
and the equivalent units are not given in the

4 problem (a 0, 1 variable).

Verbal cue: the cue for each operation is- as follows.
Operation Cue words
Addition: added, altogether, gained
Subtraction: how much less, lost, left

Multiplication: each
Division: average
If a cue word was present the Qalue was 1, other-
wise O.
Order: " If the steps to solution were in order as given
in the problem statement, the value was 1,
otherwise 0.
Formula:  If 'know‘iedge of a for'rnula was "reqe‘ired'? 't'.,h'e value

‘was 1, otherwise O.

AVerage; " If theé problem statement ‘contained the word
"average" the value was 1, otherwise O.

‘Add”it‘;iori':' o CIf the"'.prot;lelﬁ:‘reé'li:lres“ad'ci‘iyfjloh,f tﬁe”'\ralﬁe is 1,

NS
T

otherwise 0.
‘Subtré‘e_t\idri:; If the '-;Vproblem requires subtractlon, ‘the value is

o . “
/
- M !

1, otherw1se 0. .’f”‘

"'Multiplication':‘ If the problem requlres multiplicatlon, the value

v PEAAEN ST g At
is l, othermse O. o
C A

[ St A ok

1" : : FRATE :’“

‘Division: " If the problem requlres d1v1sion, the value' is 1,

otherwise O._ S S




9.

Sequence: If the problem is in_ unusual order, the value
is 1, otherw1se O

“Three -of the’ problems in’ the- original set of. 68 .were.deleted due:
to their very high X2 values. The following variables were tested on
the data from' the remaining 65 problems.

Of the 16 variables in the expanded set, 12 were entered ty the
stepwise regression program, BMDO2R. The value of the multiple R was
.820. Three additional uariables were formulated after studying the
weights of the variables, their contribution to the total R2 and their
definition‘s : Two of these, S and Se, were sequential variables; the
third was a memory variable. . The defini tiions for the three adaitional
varisbles follow. . . o

Memory (M) is defined as the sum: of:

| C the number of convers1ons + knowledge of formulas,
D. the number of numerals 1n the problem statement
.0 the number of different. operations.
5, is defined as the' number of »di.splacements of order of

operations in successive problems.

.'E'xamples:
3.k f S,l e k618 =0 I
(311 x2l g (34b)x2 Vg !
Gew)seiB=t  (Gxi)+ 158 =2
82 is defined as the number of displacements between order of

operations required and that given in the problem statement
itself. ? | | |
The results of the stepwise regression using all the variables which
,contributed at 1east Ol to the variance in K2 on the data from the set

. .of 65 original problems are. presenéeg ih Table 13.
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'TABLE. 13

Results of Stepwise Regression on 65 Word Problems

A. Three additional variables alone

Increase

_ o Last' reg.
Step -Varisable R in R coefficient
| 19 memor 491 -1 0.106
17 sl © 501 ~.010 0.073
18 ‘s2 513 .012 ~0.087
B. Over-all variables o _ .
o ' _ B Increase _
. : _ oo o SRR ‘Last reg.
Step - Variable R in R™ ~ coefficient

1 L opers 657 . | '-.'hjl .199

2 8 vbleu 697 .055 262

¥ '

3 . 15 divis 729 046 299 ...
b 6 lenth 761 L 0h7 018
5 10 formu" 785 .038 879

6 17 sl 805 .032 1130

7 7 convr.. . - ,825 ,032". .53k

8 e &5 o6z

9 14 multi 838 .05 -.090
10 19 memor .80 .00 =.048
11 12 add" . 841 002 .63
12 16 seque ' . .842 .001 .053

*Variables suggested_'.by«"]‘;)‘x-_f_,;_:"Sgg;lé.; .
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71 Part A iq Table 13 tt;e llast three variables are ﬁresented alone.
The total R for the three jwas .51. 1.>art>B shows tﬁe results of the step-
wise regression using all variables. Onlb.r those variab.les are considered
important which contributed to at least .0l increase in R2. Although the
value of the multiple-R term for all 12 variables was fairly high, Bh2,
the number of variables entered did not increase with the addition of the
three new ones. Rather, the three new variables entered instead of others
and the resulting R increased from .820 to 8k2 (R2_= 0709) A total of
19 variables had now been formulated and_tested on the origiﬁal data. 1In
addition to those described above, the #‘ollowing were ?ormulated_and
tested. _ | .
Operations 2: The sum of thé folioﬁing_._
1. The pumber.of d‘iff_eren‘t.' oﬁera;tions._ _
2. Add 4 if one o.f the Qperé.’_cioﬁs is division.
Add 2 1if one of.the opezl'at.:ifons is multipligation.
Add 1 if one of‘the opérafions is a.dd.iti..on.. o
Order 2 .The sum of éhé following. |
1. Sl;
2. 'Verbal cue necessary to establish a new order. One
i)oihtf, for e;a.c%h direct cue missing»,ffq‘r; -'eal._c::‘:}il step. -
Recall: - The. sum of the following. |

“1. “Onécount for a formula to be recalled and one count
=24 +2v= 3.

i

P , foi‘l. \"éach ste_p;, in the formula, e.g. ,A
',':“..;‘ ‘:_,'_,;'. oL B N :'I-;_;‘.

Y

*...2% . One:icount for, each conversion to be recalled and used.

3. One"'count for" each fact recalled and used fromea

‘ prev'ious 'pro.b lem.

#2hg




Verbal cue 2: The set of cues was expanded. However, one count

was given for each cue present in the problem,

Addition: added, altogether, gained, ﬁotal.
Subtraction: how mﬁch less, lost, left
how much lé.rgér_ cen 't.han
/ Vhow much smaller ... than

/ how much greater ... than
how much further,,. than
MultiplicationQ each, times
Division: average
Distractors: This variable was defined as one count for each
ve;'bal cue which was: not a cue for an operation,
but a distractor.  For éxahiple, if the word
"average" was ﬁéed, but‘;‘mult'ip'l”icati‘oh rathér_ than
| 'c‘iiviSion‘was the required bpe‘ratlici;n.. | |

A complete list of variables, by'nuin-ber , follows.

Varisble . ~  Name | ' Varisble  Name
1. : P(corfect-observéd') | 12.  Multiplication
2., 0pérations - 13. - Division
3. . Steps, . . .. ... ..1lh, . Sequence.
b Lengtn B8
5, °  Conversions =~ 16. 82 '
. 6. Verbal Cue oo 17. - Memory
f+. .. Order .. . .. .. . 18.. ., Operations-2
8. Formula | R 19. - Order-2
“9. . . Average ' a0, “ Recall
100 7‘~'~¢"A&ﬂ'i’tidr1" B LR - ;n.';.,n..; Verbal Cue-2

ll S“ubtrac‘bion e 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 l4. .In fact if one were to adopt the:
rule to consider as important only those variables whose contribution

to the increase in R2 was .0l or‘greater, then the first eight varigbles
in Table 13 and the first nine variables in Table 14 would comprise the
set of variabies 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 all we can say to the reader is "behold." The i

following '1ist ranks the variables under discussion for ease of com-

 parison.
From Table 13 A From Table 14

Step R R Step R
1 Operations ' .657— = Operations 657

2 Verbal Cue 697 2 Conversions 702

" 3. .Division | 729 ‘ /_3 Length 740
L Length._::::::;"zi.76;<:::‘§“.% Order 2 .780

5  Former - 785 5 Division . .805
R R Sy /-805 6 S, e JBer .
7 Conversions .825’///////,7 Order .829
.8 S - 835 8 Memory 835

| 9 Distractor Cues .841

- At this point,'note that the variables which appear to be the
ﬁost robust qre.length, division, S2 the internal sequence variable,
and conversions. Memory and distractor cues may or may not play
impprtant roles in subseqﬁent'analyses for students working at teletype

terminals.




TABLE 14 ’

Summary Table for the Stepwise Regression on €5 Items "

Step Varisble Maltiple ~— INre8%€  p value Last Reg.
Num. Name Ent. Rem. "R R in R For Del Coefficients
1 Oper 2 0.6566 0.4311 . 0.4311  L47.7%2 0.182k
2 Convr 5 0.7021 0.k929  0.0618 7.559 0.5517
3  Lenth 4 0.7405 0.5483  0.055k4 7.488 " 0.0274
4  Order 2 19 0.780% 0.6090 0.0607 . 9.321 0.1427
5 Divis 13* 0.8050 0.6480 0.0390 6.516 0.3841
6 8, 16 0.8213 0.6745 0.0265 4,749 0.1791
7 Order 7 0.8288 0.6869 0.012k 2.232 -0.1401
8  Memory 17 0.8349 . 0.6971  0.0102 1.872 -0.0839
9 Dist = 22 0.8409 0.7071  0.0101 1.984 -0.3052
10 Recal 20 0.8444 0.7130  0.0059 1.105 0.1455
11 Verble 6 0.8457 0.7152  0.0022 0.1k -0.1035
12 Verbl2 21 0.8477 0.7186  0.003k - 0.629 0.1350
13 8 15 © 0.8498 0.7222  0.0036 0,641 0.0482
14 Aver 9% 0.850k 0.7232 . 0.0010 0.202 .  -0.1551
15 Oper2 18 0.8513 0.7247  0.0015 0.261  -0.0328
16  Sub - 1 0.8520 . 0.7259 0.0012 0.197 ~ -0.0607
17 Seq 1, 0.8527 O0.7271  0.0012 - . 0.210.  0.0865
18 Steps 3 0.8529 * 0.7274  0.0003 0.063 0.0306
*Variables suggested by Dr..Searle.
%‘02

bz




CHAPTER VI

APPLICATION OF STRUCTURAL VARIABLES TO.WORD PROBLEMS

SOLVED IN. A PAPER-AND-PENCIL CONTEXT

The research reported in Chapters I-IV was conducted entirely off
line, in a paper- and-pencil moce. In the course of the treatment.
students worked through several sets of word problems that were evaluated
as tests of their achievement but were not labeled as tests. .Other sets
of word problems were labeled as tests and were inclnded as part of the
posttest and follow-up test instruments. The follow1ng is a report of
an analysis, using the variables defined 1n Chapter V of one set of |
word problems that tested the generalizability of the model to off-line
s1tuations o o

Twenty-nine problems were selected for analysis. Of these problems,

i

l9'were solved by'students(N' 20) using paper and pencil The l9 prob-

lems were part of the instructional treatment provided by the Modified

Wanted Given Program, and the remaining lO problems came from the two

.test scales PSOl and F502 (N l6l) Eleven of the variables used in

e

the earlier analyses were - tested on the word problems solved off line

RETAR
RESAR

to see if their order of entry in the stepw1se regression was at all

SRS T

similar. The variables selected for testing were the follow1ng.

2. Operations 2 8. Length
‘5.’f0rder 2 9. Verbal Cue (as defined by
g - Dr. Searle)

4. Recall | 10. Conversion

Ty NPT e - Biadil e - g PN SRR R T PR N X T
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5. Sl 11. Formula
6. Memory  12. Division (as defined by Dr. Searle)
T- S,

The results of the step'wis_e regression using these variables are
summarized in Table 15. As can be seen, Length the number of words in
the statement of the problem, entered first followed by Memory, 52, Sl’
and Verbal Cue. The total R after nine steps was .77, = .595 This
was somewhat surprising and ératifying The var1ables accountlng for
most of the variance on line were also eff‘ective, though at a lower level,
for accounting for most of the variance off line where the students did
all the required computation by hand The observed and predicted
probability correct for each item is shown in Table l6

The conclusions must be recognized as artificial, however. Whi le

’ the students did 1n fact solve all 29 problems, they solved only the first
19 at one s1tting. The last 10 problems were solved 5 at a time as post-
test and follow-up tests, seven weeks apartl../ The sequential variable is
not correct, Jc}l'ieref‘c:‘ore., fo'r..problems l9-. and..25. Otherwise the variable
values are the same as if students had taken the entire set of problems

at one time. However, the results cannot be interpreted as be1ng constant

for students who would solve all 29 1tems at one s1tting Only the values

of the variables are the same.




Summary Table for 29 Word Problems Administered in

TABLE 15

Paper-and-pencil Format, 11 Original Variables

— ——— —————————————————————————

‘Multiple

Increase

F Value

Step " Variable 5 . 5 - Last i.%eg.
Num. Name Ent. Rem. R R in R For Del Coefficients
1 Lenth 8 0.5487  0.3011 0.3011 11.633 0.0207
2 Memor 6 0.5938  0.3526 0.0515 2,069 0.1588
3 8, T 0.6672  0.4h55 0.0926 b.167 -0.3048
ks, 5 0.6977 0.4868  0.0416 1.949 -0.1379
5 Vblecu 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 4 0.7661 o.\5869 0.0170 0.863 -0.2790
8 Convr 10 0.7708  0.5941 0,0072 0.356 -0.0797
9 Divis 12 0.7713  0.5949 0.0008 0.038 -0.0857




TABLE 16
Observed and Predicted Probability Correct for 29
Word Problems, 1l Original Variables
Case Num., | Observed Predicted ‘ Residual
1 0.2660 0.2116 0.0544
2 0.2410 © 0.kko1 | © -0.2081
3 0.3100 0.3437 -0.0337
L 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 0.3703
8 0.7770 0.6099 0.1671
9 0.1740 0.2201 -0.0461
10 0.5600 ‘ 0.5600 0.0000
11 0.5380 ‘ 0.3542 0.1838
12 0.1150 0.1681 -0.0531
13 0.0870 0.0870 0.0000
14 0.1000 0.1692 -0.0692
15 0.0710 0.1180 -0.0470
16 0.2940 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 0.3783 0.0597
2l 0.24k4o 0.3652 -0.1212
22 0.4540 0.3325 0.1215
23 0.3550 0.3967 -0.0417
2k 0.1050 0.1440 -0.0390
25 0.3410 0.3783 -0.0373
26 0.3770 0.3652 . 0.0118
27 0.5170 0.37hlk 0.1426
28 0.3870 0.3967 -0.0097
29 0.1610 0.1228 0.0382




In an attempt to improve the fit, two new variables were defined.
The first,' Verbal Cue-i (No. 15), was a redefinition of Dr. Searle's
variable. It was essentially the definition used in Verbal .Cl‘ae-2_ except
that it was a O-1 variable rather than a frequency variable as is Ve‘rbal
Cue 2. The second new variable (No. 14) was a combination of Verbal Cue

" for

1 and indirect cues, such as "in all,” for addition, "short of ...,
subtraction and _"per ...," for multiplication. The results of tﬁe regres-
sion analysis on the 29 problems using lh_v_ariables are shown in the
summary Table 17. The increase in the value of R c’lu.e to the addition
of the two additional variables was small, almost .03 (.771 to .799).
'The observed and predicted scores for each problem are shown in Table 18.

TABLE 17

Summary Table for 29 Word Problems Administered in

* . Paper-and-pencil Form, 1% Original Variables

Step © Variable Multiple 5 ' Increa;e F Value Last Reg.
Num. Ent. Rem. R R ~in R 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 4,167 -0.2184
4 5 0.6977 0.4868 0.0416 1.949 -0.1845
5 9 0.7399 0.5475 0.0607 3.082 0.5859
6 L 0.7688 0.5911 0.0436 2.350 -0.0761
7 2 0.7872 0.6197 0.0286 1.577 0.0329
8 10 - 0. 7964 0.6343 0.0146 0.797 -0.1165
9 13 0.7974 0.6359 0.0016 0.080  -0.1453
10 12 0.7986  0.6378 0.0019: 0.100 0.1586
11 4 0.7991 0.6386 0.0008 0.034 -0.1257
12 3 0.7993 0.6389 0.0003 0.013 -0.0085
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TABLE 18
Observed and Predicted Probability Correct for 29

Word Problems, 13 Original Variables

Case Num., Observed Predicted Residual
1 0.2660 0.2333 0.0327
2 0.2410 0.4579 -0.2169
3 0.3100 0.2820 0.0280
L 0.6200 0.4387 0.1813
5 0.2300 * 0.373k 0,143k
6 0.3720 0.3539 0.0181
7 0.5000 0.1335 0.3665
8 0.7770 0.553%1 0.2239
9 0.1740 0.1841 -0.0101
10 0.5600 0.5600 0.0000
11 0.5380 0.398%4 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 0.0307
17 0.1660 0.3195 -0.1535
18- 0.5000 0.5403 -0.0403
19 0.0590 0.0773 -0.0183
20 0.4380 0.4312 0.0068
2l 0.24k40 0.2974 -0.0534
22 0.4540 0.3782 0.0758
23 0.3550 0.4277 -0.0727
24 0.1050 0.1267 -0.0217
25 0.3410 0.4312 -0.0902
26 0.3770 0.2974 0.0796
27 0.5170 0.4429 0.0741
28 0.3870 .y 0.k277 -0.0407
29 0.1610 * 0.0999 0.0611
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Two variables described earlier, Verbal Cue-2 (No. 15) and a
distractor variable (No. 16), were added to the regression. The results
of the regression using all 15 variables are shown in Tables 19 and 20.
The value of R increased from .799 with 13 variables to .834 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. Clearly, the fit of the variables selected and tried thus
far was less than satisfactory. The fact that the off-line students
performed all computationé by hand led to the definition of four new
computational variables. These followed the work reported in Suppes
and Morningstar (in press, Chapter III) « The variables were:

l7.v EXMC. A O-1 variable. A count of 1l was assigned for

each multiplication 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

oc_cu‘r"r'éd--'i,hr:each multiplication exercise in the problem.

For example:

38
X2
190 NOMC = 2

38

X 25
190 NOMC = 3
16
950

109,

© vy e AT —r— - =t d——




TABLE 19
Summary Table for 29 Word Problems
in Paper-and-pencil Format, 15 Original Variables

Step Variable Multiple 5 Increage F Value Last Reg.
Num. Ent. Rem. R R in R For Del. Coefficients

1 3 0.5487  0.3011 0.3011 11.633 0.0408

2 0.5938  0.3526 0.0515 2.069 0.1712

3 7 0.6672 0.4452 0.0926 4.167 -0.3204

4 15 0.7180 0.5155 0.070k 3.488 -0.2837

5 5 0.7465 0.5573 0.0417 2.167 -C.24k02

6 12 0.7667 0.5878 0.0306 1.629 -0.2402

7 10 0.7798 0.6081 0.0203 1.089 -0.1611

8 9 0.7912 0.6260 0.0179 0.954 0.7250

9 WwL3 3 0.8077 0.6524 0.026k 1.445 0.0946
10 Vol & 0.8169  0.6673 0.0150 0.807 0.4544
11 1k 0.8300 0.6889 0.0216 1.180 -0.1815
12 13 0.83%2 0.6942 0.0053 0.285 - 0.121k
13 12 0.83%2  0.6942 0.0000 0.00%4

% 16 0.8341  0.6957 0.0015 0.079 -0.0520
15 w2 2 0.8343  0.6961 0.0003 0.01k 0.0119

e 116
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. TABLE 20

Observed and Predicted (Correct) for 15 Varisbles

: Case Num. Observed Predicted Resi_.dual

;7 1 0.2660 0.2421 0.0239

E 2 0.2410 0.5279 -0.2869

'F 3 0.3100 0.2968 0.0132
4 0.6200 0.4379 0.1821
5 0.2300 0.3357 -0.1057
6 0.3720 0.2751 0.0969
7 0.5000 0.1966 0.3034
8 0.7770 0.6401 0.1369
9 0.1740 = 0.2482 -0.0742
10 0.5600 0.5435 0.0165
11 0.5380 0.4196 0.1184%
12 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 0.4012 ~-0.2352
18 0.5000 0.5462 -0.0462
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 0.3854 -0.030k
24 0.1050 0.1450 -0.0400
25 0.3410 0.3839 -0.0429
26 0.3770 0.2646 0.1124
27 0.5170 0.4822 -~ 0.0348
28 0.3870 0.3854 0.0016
29 0.1610 0.1048 0.0562
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19. COLC. For this variable a count of 1 was given for each column

and a count of 1 was given for each regrouping in the largest
addition and subtraction exercise in the problem, If no
addition or subtraction was required, a count of O was éiven.

20. QUOT. A count of 1 was given for each digit in the quotient

if division was required and O otherwise.

The set of 19 variables was coded for use on the set of 29 problems
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 repli-
cation of the earlier analyses.

A regression was run 6n the 30 proolems using all 19 variables.

The summary of this analysis is presented in Table 21. The value of R

after the first tive steps was 0.9315, R2 = 0.86769. This is a surprisingly
good fit for Just five variables. Perhaps even more suprising was the
strength of the computational variables indicated by their.point of entry
into the regression program. Of the first five variables which entered

the regression, three were computational variables--NOMC a multiplication
variable, QUOT a division variable, and COLC an addition and subtraction
variable. The variable LENTH which accounted for the number of words in

the problem statement entered first and the distractor variable DIST

entered on the fourth step of the regression. The cognitive variables

such as memory and orcer did not enter as soon or in the same order for

students solving problems at a CAI terminal, The observed and predicted

probability correct for each problem are presented in Table 22.

* ]




TABLE 21 .-

Summary of Regression Analysis of 30 Problems

Using.19 Variables

Step  Variable Multiple o Increa;e ~F Value " Last Reg.
Num, Ent. Rem. R R in R For Del. Coefficients
1 8 0.6684 . 0.4468 0.4468 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 0.2323
4 16 0.925k 0.8564 0.0230 4,013 0.1333
5 19 0.9315 0.8677 0.0113 2,055 0.0684
6 5 0.9350 0.8742 0.0065 1.189 0.0421
7 0.9400 0.8836 0.009% 1.761 -0.1679
8 VBIA L 0.9428 0.8889 0.0053 1.012 -0.3726
9 17 0.9462 0.8953 0.0064 - 1.206 0.0896
10 - 6 0.9470 0.8968 0.0015 0.30% -0.0902
11 VBLZ 2 0.94%77 0.8981 0.0013% 0.220 0.0600
12 VBL3? 3 0.9487 0.9000 0.0019 0.329 0.0580 .
13 15 0.9499  0.9023 0.0023 0.362 -0.1434
14 LS 0.9532 0.9086 0.0063 1.052 0.0880
15 10 0.9541 0.9103 0.0017 - 0.260 0.0565
16 9 0.9542 0.7105 0.0002 0.038 -0.0711
17 13 0.9543 0.9107 0.0002 ~ 0.010 0.0298

413
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TABLE 22
Observed and Predicted Probability Correct
for Each Problem
Case Nunm, Observed : Predicted Residual
? 1 0.7770 | 0.6645 | 0.1125"
t 2 0.6200 0.5727 0.0473
E 3 0.5600 0.5600 0.0000
é b 0.5380 , 0.3721 0.1659
| 5 0.5170 . 0.4585 0.0585
f 6 0.5000 0.5510 . -0.0510
! 7 0.4540 ~ 0.4k57 - 0.0083
| 8 0.4380 0.577k  -0.1394
| 9 0.3870 0.3254 0.0616
10 0.3770 0.1840 0.1930
* 11 0.3720 0.6047 -0.2327
12 0.3550 . 0.3345 0.0205
13 0.3410 0.4647 -0.1237
1 0.3100 0.1917 0.1183
15 0.2940 0.2953 -0.0013
16 0.2660 0.2168 0.0492
17 0.2440 . 0.2957 -0.0517
18 0.2410 0.2779 -0.0369
19 0.2300 0.2740 -~ -0.04k0
20 0.1740 0.1845 -0.0105
21 0.1660 0.1317 0.0343
22 0.1610 0.1497 0.0112
23 0.1150 0.1427 -0.0277
2l 0.1050 0.1533 -0.0483
25 0.1000 0.1082 -0.0082
26 0.0870 0.0870 0.0000
27 0.0710 0.0813 -0.0103
28 0.0590 0.0584 0.0006
29 0.0100 0.0153 -0.0053
30 0.0100 g 0.0098 0.0002
o —-
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Ouly the first five varisbles contributed to an increase in K- of

one per cent or more. The regression equation after the fifth step was

Table 23 presents the regression 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

— Py .

: Regression Standard Computed
Variable . Coefficient Error T-value
X, length - ) .6i955 .00626- . 3.10703“-
X, distractor . .18769 08924 2.1003:**
xh multiplication .22076 02705 8.1537.
x5 "addition-subtraction .02819 .01966 1.&8&7***
Xg division .22983 05979 3.8429

*p< .05 o0l TP < .00

The correlation matrix for the variables is shown in Table 2k4.
Variable one is the observed pefcentage correct and variable seven is
the transgenerated dependent variable. The mean and standard deviationg
for each variaﬁle are given in Table 25. The summary for the five-step

regression analysis is given in Table 26.
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Correlation Matrix for Each Variable

TABLE 2k

Variable
Nunmber 1 2 3 4 5 6 7
1 1.000 -0.637 -0.533 -0.413 0.001 -0.454 -0.926
2 1.000 0.610 -0.007 -0.205 0.606 0.6€38
3 1.000 -0.145 -0.147 0.605 0.543
L 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 Each Variable

Standard

Variable Mean Deviation

P(C) 1 29.59667 19.55739

Lenth 2 35.73333 9. 63447

Distr 3 0.33333 0. 66089

Nomc 4 1.46667 1.67607

Cole 5 2.13333 2.25501

Quot 6 0.43333 1.00630

7 0.51014 0.58148




N LTI L e S L e R S S KL Y AP A 9 TR/, S P 1 AR 4+ [ b By T v et At 8 9 % ek s

TN ORGP ATRI 3] A sy,

Lol
®
B
t
i
i
i

TABLE 26

Summary of Five-step Regression Analysis

Multiple R .0.9315
Std. Error of Est. 0.23%25

Analysis of Variance:

. - I
e e e e e At Y b AN O e ST et

DF Sum of Squares Mean Square F-Ratio
Regression 5 8.508 1.702 31.485
Residual 24 1.297 0.054

} Variables in Equation: (Constant = -0.73442)

Variable Coefficient Std. Error F to Remove
Lenth 2 0.01955 0.0C626 9.7476 (2)
Distr 3 0.18769 0.08924 L.4233 (2)
Nomc L 0.22076 0.C2705 66.6153 (2)
Colc 5 0.02819 0.01966 2.05u45 (2)
Quot 6

0.22983 0.05979 14,7775 (2)




In summary, the linear regression model described in this paper has

given a surprisingly good account of the difficulty level of a somewhat
artificially arranged set of verbal problems for fifth-grade students.
Five variables were found to account for almost 87 per cent of the
variance in the observed probability correct. The variabie which
accounted for most of the variance was NOMC (32 per cent) a multiplicaiion
variable, followed by QUOT (23 per cent) a division variable, then LENTH
(21 per cent) the number of words in the problem statement, DISTR (11 per
cent) the verbal distractor variable, and finally COLC (1 per cent) the
addition-subtraction variable.

Before one tries to apply these findings to a real-life situation,
however, a good deal of replication needs to be done to either confirm or
deny the findings reported here. For example, which variables enter first
for students st different grade levels or for students with different
backgrounds or skill ievels. Further, variables for students solving
problems on a CAI 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 required to do
their own camputations. Perhaps we can then get a clear picture of the
distinction between levels of cognitive skills. It may be that stepwise
regression techniques will provide a more suitable vehicle for determining
whether aptitude-interaction factors do exist.

One indication of the differential effect among the several
variables for on-line and off-line problem solving is indicated by the
data shown in Table 27. The set of variables found so effective in
predicting the probabiliity correct for the set of 30 word problems was

tested on the data from the Suppes, Loftus, and Jerman (1969) study.

s
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As can be seen frou 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

Lenth
Nome
Qu»n
Distr
Colec 2

932

V)

W o o

From Table 27

Oper 2
Lenth
Ordr 2
Recal

S

Th7

also given. The data from Table 21 were based on p8per-a d-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 R2 in each case. The

variable Lenth does enter early in each case, however, and seems to be

a 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 on- 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




TABLE 27

Computational Variables Run on Suppes, Loftus

and Jerman (1969) Data

Step Variable Multip1e2 Increaase F Value Last Reg.
Num. RKame Ent. Rem. R K in R ?,r Del Coefficients
1 Oper?2 8 0.5722 0.327h 0.327h 30.67h 0.0427
2 Lenth 2 0.6539 0.4276  0.1002 10.844 0.0266
32 Ordr 2 9 0.7070  0.4999 0.0723 8.809 0.1543
4L  Recall 10 0.7367 0.5427 0.0429 5.641 0.2526
5 82 6 0.7466 0.55Th 0.0147 1.949 0.1276
6 Nomc 12 0.7607 0.5787 0.0213 2.923 «0.5043
7  Memory 7 0.7725 0.5968 0.0181 2.555 -0.0440
8 Colc 15 0.7768 0.6034 0.0067 0.938 0.1212
9 Divis 3 0.7782 0.6056 0.0029 0.310 0.1165
10 Vble 2 11 0.7796 0.6078 0.0029 0.30L -0.0576
11 Quo 16 0.7803 0.6089 0.0011 0.133 0.0111
12 S1 5 0.7806 0.6093 0.0005 0.080 -0.0263
13 Seq b 0.7810 0.6100 0.0006 0.071 0.0458

g
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are difterent when comparing problems that do not require computation
with problems that do require computation.

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. Hcwever, preliminary evidence suggests that one must not
jump to conclusions about which varisbles are the most important con-
tributers to the difficulty of verbal problems in arithmetic without
first considering the tools at the disposal of the student wno is to

solve the problem.

~/
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