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" An Investlgatlon 6f A Model of Children's Preferences
with Respect to Topologlcal and Geometrlc Flgures ;

Albert 0. Shar - : - ‘
University of -New Hampshire

P

William E. Geeslin - _ !
University of New Hampshire -7

‘ N ? -
L4 ’
Purpose - - ] '

,The purposes of this study were to: 1) test one aspect of Plaget s
developmental model concerning children's perception of Space; ard 2)
investigate an altarnate model of perception. Piaget and Inhelder- (1963)
contend ‘that young children view space topologically and discuss tSE
-child's spatial conceptual develgpment in terms of a transition fr
the topological to the geometric. Past research in this area has pro-
duced contradictory evidence concerning Piaget's contention.
Difficulties wjth previous studies include: inaccuracy and vagueness .
of mathematical terms; over-reliance on haptic tasks; instrumentation
biases; and ignoring within age-level individual differences. Since :
children's spatial abilities appear to ‘play .a signlflcant role in
mathematics learning, the question of _how children deVelop spatial
concepts and/er perceive figures “is an important factor in desighing
optimal elementary curricula. This research was intended to aid the
development of a documented theoretical framework upon which -mathemati-
cal instruction can be based. .

Formal def1n1tions Of the terms "topologlcally equivalent" nd

geometrlcally equivalent" were developed. These definitions appear

to cover the intuitive distinctions madegby previous authors, includ~
ing Piaget. An alternate.model of perception based on péttern
recognition techniques, was derived. The sighlflcant variable in this
model is amount of 'dlstortlan. :Y test package con51sting of ten
“figures and two variations of each Flgure, one topologically equivalent
to the original figure and the other ‘geometrically related to the'ori-
glnal figure, was developed According to the pattern recognltlon

- model, a child (or adult) will select the variant which" represents the

minimum distortion of the given f1gure. By comparing the relative dis-
tortions of the two variants, one can a&sign selectionanrobabllltles
to each variant. These probabilities were determined mathematlcallv
"prior’to u51ng the test package ‘with any subjects. The items in the
package range in pr10r probabilities of topological choice preference
* from approximately 0.1 to 0.9. Items were arranged randomly into four
sequences. Similarly, the variants were placed randomly with regards.
to left/right location, . ) 1 p
[

PR

-"Ot




Y

Procedure oo o } '

Three hundred forty-five children from the nugsery (age 3) level -
through fourth graaé level (from local schools) were selected for test-
ing. Each child was instructed on each'item to select the variant
most like the given figure. After the ten items had been administered,
the child was interviewed conceérning hid" reasons for making selections.
To compliment this process and in order for us to beé better able to
"determine key factors in the decision process of the children, a -
4 separate group of 50 children from the same levels was videotaped
' while responding to the items. These children were interviewed after

each item response rather thaf after all ten items had been completed.
TheinterviewswerEIGSSContrOllEdandranged over more variety of topics.

* % *
- . ~ .

. Results, Y
. Data analyses included comparison o# number of topological selec—
¢ .  tions by age-grade levil and sex across the’ total test and across a,

subgcale-of items (the extreme probabilities were eliminated). Total

. test analyses indicated the pattern recognition model fit the data
: . well (with the exception of the "star" figure). Subscale analyses
indicate some suppqrt for developmental differences, but the strength .
of these differences was not iQ‘accord with Piaget's findings. Although
> the interviews are less amenable to statistical analysis, results
indicated that children .at all levels were well aware of the differences
between the given ‘figure and the two variants. Children varied within
.each level, in spite of .observing similar figural elements.

-

/

Conclusions . e : ' \

—‘ @ \l ~ c
Thus‘the study provides etidence that children's perception of

: o space is far more complex than Piaget suggests. Individual differ-
ences were large at each level. Some children selected almost all
the topological variants whlle others selected mostly geometric
variants. Interviews indlcated both types' of children were consciously
and "knowledgeably" making these chqicés. This indicates children have

v

~»

. definite preferences about figures.and/or the "correct' answers.- . :
. S Analyses of'the test items alsd indicate that the test item itself S
- b does significantly affect children' s selections. This no doubt played
a role in_causing previous studies £6 arrive ‘at contradictory conclu- hop
] sions. In addition to test item, developmental, and distortion .
. “ variables, it appears that familiarity, training, and test instruction "
- variables can‘affect childrémls.selections.” Future studies should
- " -~ attempt to locate ddditional variables affecting children's percep-
tions. Likewise, it appedrs that these factors vary 'in importance. =
A hierarchy of perception factors is suggested., However, the inter- o,
views left us with the feeling that relative importance of the R ) .
perception factors changes when extreme values are used for a - . ‘

particular facter.

J
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‘ A Description 6f How Selected Seven-Year Children Learn X
o To Reason To Solve Partitive Division Proglems T t.

i

3

-~

Linnea Weiland‘
: . Kean College of-New Jersey

[ -

.Purpose . * ) ) . _

This teaching egperiment examined. the pfoceddres used by321 seven~ .~
year ‘old children to solve partitive division problems during discové;y- \}
oriented instruction. The goal was te observe and describe the '

-strategies and arguments the. children used, and the difficulties they
encountered, as ‘they learned to reason out solutions to problems using

base teh blocks. - P
Procedure

The supfects of the experiment attended an independent elementary
school in New York City. While the children understood the! language of -
partitive division problehs'as'well“as numeration with base ten blocks,
they had not received formal instnué?%bnn}nedivision;, ﬁuring'll inter-
viewy ‘over approximately a year each chil&“sglbed 66 problems of varyving
difficylty. Problem difficulty was defined.iﬁaﬁerms of the size of the »
dividend and the numbe} of exchanges involved. “Divisors ranged from 2
to 9. Each child was asked to .reason outloud as; he solved the.problems.
The researcher did not instruct the child in methods of solution or in
ways of overcoming difficulties. Running records were kept of the
children's behavior during the interviews. i : >

3

~

- .y - . 3 ‘ -

Three coding systems were developed to| classify the‘cﬁildren's_ ‘
reéasoning in.terms.of (a) the strafegies ugkd, (b) the difficulties
encountered, and (c) the-overall arguments mployed in” solving the
“Problems. Severiteen distinct strategies of lproblem solution were N
identified. These fell in three categories——representational, sequen- SN
tial, and distribufional. ?Representational strategies described how

. the children represented the dividend; that is, dn_the standard or a . .
.nonstandard way. 'Eeq lential strategies referred to the order in which
children exchanged d 'distributed; that is, in-the standard order
analogous to the standard7distributive glgorithm or. in ‘a nonstandard
order. Distributional strategies described how the children distri-
buted the dividend; that is, by concretely passing out objects one by -
one, or by more abstract'methqu, for example, guessing, using~a(
measurement approach, halving, or using distributivity. The modes of
representation used to exptess representational and distributional’’
‘strategies were separately examined. Although the children most often, -
used the concrete mode ‘and expressed.their strategies with base ten '
blocks, they did express some strategies mentally; that is, verbally |
without accompanying actions, and with pictures and numerals. The

. P
.f . 3
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757 difficulties identified were classified in 2Q, categories., The

frequencies of occurrence of the s;rategies,their modes of represen-

tation, and the difficulties acrogs all the data ‘were exggined To

evaluate the effect of instructional time, a comparison was made of

the data for five agsessment interviews, To evaluate the effect™ -
‘problem difficulty, a comparison was made of the strategies, -

modes of represeﬁtation, and difficulties which occurred for each

assessment combination. (The ‘same.six combinations représegting ‘

the total range of problems given were repeated'at each assessment )

{ ~ k —

Results . . ; .
o - . Y \ ) . * . 5 ¢
The data on the children s reasoning were classified in fivée
gument categories. The'standard distributive argument was used
most ‘frequently by every subject.--The four other arguments were -
each used at least once by over half the sub ects and each accounted
for between 3 percent and 5 percent of the rguments. One argument
relied on distributivity; another, only appropriate to those combina-
tions with divisors.which are powers of 2, involved halving. The
measurement argument involved subtracting off bunches the size of .
the divisor and counting.the number of bunchés thus made.
argument relied on recognizing multiplication as the ihverse of

division, *

of two of the subjects was described in detail

i The beha
The contrast o
.arguments, and 'in their reactions to difficulties was i1lustrative
’6f the variatiop in sophistication among all. the sdﬁjects.

.-, ¢ 1 -

The results of this research implied severgl modifications of
the "discovery-oriented teaching mpethod. In adgktion, criteria for
the.evaluation®of problem difficulty and sophiffficated thinking

. about division were proposed, and some directions for further

3

research were outline& L —
i 5
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i Study I: !etfieval of Basic Multiplication Facts Via Games

v
“

7 N LA

Games As Aides tb Retrieval and Maintenance of
Skill with Basic Multiplication Facts .

. < , . &

-
[ N N * = *

- . . .. ‘éeorge . Bright . ) ’ e -
. *  Northern Illinois Utversity . >~ - .

L4

John G, Harvey ™ . o
University of Wisconsin - Madis8n L
.. Margariete Montague Wheeler ) ’

‘Northern Illinois University .

N
.

c

Purpose . 3

*

-Gaming activities have been a source of entertainment and instruc- e
tion for certuries. During the last twenty years, teachers have been ] . -
enthusiastically encouraged to use an almost bewilﬁering array of ’
mathematics games. The empirical research reportihg positive cognitive
effects of games on mathematics learning, however, is virtually non-
existent (Bright, Harvey & Wheeler, 1977). . .~

Three ‘studies were desfgned to investigate the effects of \games on-
the retrieval and maintengnce of mathemitical skills. One of the exper
‘imental variations tested the effect of alternative game strategies.
All three studies were set in a post-instrucéional_context (Bright, : T

. . » - L . )
" The games used in these studies were MULTIG and*hIVTIC;(Ronggg, : . .
et al., 1974, 1975, 1976) which are similar to CONTIG (Broadbernt, 1972) )
.at least.with respect to ‘the use of a gameboard, -random generation: of -
numbers, afid scoring. -"Each of the studies incorporated the tournament
portion of the IGT classroom management model (Edwards and DeVfies, -
1974). 1Initial assignment of studedts to ‘three-person tables was
random. - ' s
Format- for the several instruments was consistent across the
studies. TFor a 20-item test of -basic multipliéation facts, 10 items -
were randomly chosen from the 36 facts (4x4, 4x5, . . ey 9%9) used in
the games and 10 items were randomly selected from'the remaining facts. :
The speed test included all 100 basic multiplication facts, randomly
ordered. The placebo test consisted of twenty 2- and 3-g}git addition
¢

items. . e =

Ry
. . v %
. ) - .

'
~ ¢

The hypotheses of Study'; were as follo&E: T
i. dames é;e not e¢ffective in aiding in retrieval’of skills in -
. bdsic multiplication facts by intermediate grade students.

[

. ’ s ]
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2. "Administration of a basic facts pretest does not alter
the effects of games

3. :There is no correlation between posttest performance and
~ final tournament position when a modified TGT structure .
is imposed on game playing.

L 4
s |3 .

Procedure . . ) N ~
Subjects were students in 14 classes in grades 4, 5 and 6 in. )

Rochelle and Rockford, Illinois, and in McFarland, Wisconsin‘b There

were 348 students, but the unit of analysis was the classroom (N=14).

! J
The treatments were conducted during the first ten days of instruc—

tion for the school year. On Day 1 each ‘student ~fook a pretest. Half

the students, randomly chosen, took a 20-item test of basic multiplica-

tion facts. The other half of the students took the placebo test. °

Fifteen minutes were allowed. On Day 2 each classroom teacher explainedy

the game. .On Days 3 through 9 the game was played for 15 minutes per
.'day within the TGT tournament structure. On Day 10 every student took-

a 20-item posttest of basic multiplication facts. Both grade 4 classes

played MULTIG. Grade 5 and 6 classes were randofily assigred to MULTIG

of DIVTIG. \ ) '

Results ~

e i

All hypotheses were -tested for the total test scores and for the
subscores on the ten game-specific items. On the basis of Wilcoxon.
signed-rank tests, Hypothesis 1 was rejected for total test score
(p< .025) and for game—Specific score (p<.0l1). Hypothesis 2 was not
rejected for any of 28 computed F-statistics. The test-of Hypothesis
3 is not yet completed, but of the first 16 computed'F-statistics,
only two are significant at -the .05 level.

L
j
Conclusions - . SO

The two games . used in this study were effective in aiding the re-
deqslopment of skill with basic multiplication facts, Games do provide
a legitimate alternative to more standard kinds of drill and practice
when used early in a school year to retrieve skills with basic facts.

\Further, there seems.to be no effect caused by pretesting That is,

" a pretest neither enhances nor detracts frot the effects of the games.
Finally, the study prbvides cofroborative data suggesting that the
assumptions underlying the TGT model are too simplistic and need to be
.re~examined. . . .

4




. : ’

- .

Study‘II: The Effect of Alternative GamEJStrategies ‘ é;"
The hypotheses of Study II were as follows: ’ . 5

e '
Poe
“hr

. Ry
. 1. Mgddfications of the strategy of a game do not have drffex— //
* ential effects at the skill utilization level.- = v '
> 2. There is no correlation between posttest performance gnd ) ,
. final tournament position when a modified TGT. structu;e N
is imposed on game playing. . 7 v/ ./ e
Ao
Procedure . ’ ‘ ;o
/‘Y
Students enrolled in grades 3 and 4 from Aurora, 111 nois, were -

subjects. Two hundred fifty students fqom twelve classr oms used one
of two versions of MULTIG to practice basic multiplicst n facts. In
. Treatment 1, students used the scoring rule usually assgclated with
MULTIG:" namely, count only. In Treatment 2, students sed-an alter-
native scoring rule, count-count—multi%ly. ‘/ */ T
: . |

Treatment 1: .Count the number of covered;diamonds that touch,

a side or a corner of the diamond you just cdﬁered This

number is your score. . ’ '

! ¢

. Treatment 2: Count the number of covered diamonds that touch
L a side or a corner of the diamond you just covered Count._the
) number of uncovered diamonds that touch a side or g corner of
: the diamond you covered. Multlpi@ these two numbers. The
‘product is youf\score. -
T "\V
The treatmehts were conducted on ten consecutlve school days in March -
1977. On Day 1, each teacher explained, one randomly assigned versjion
N of MULTIG. On Days 2 through 8, students played that version of..
MULTIG within the TGT model. On Day 9 every Student took the 20-item
power.test as the first posttest. On Ddy 10 the second posttest, the
« 0 100-item speed test, was"administered to every student. Fiffeen
minutes were allowed for each posttest. °-

P . \

Analysis -
All the data have been collected, but the amalysis has not yet
begun. Statistical resulgs/W1ll be available when the paper is pre-
sented. . .

/

(\ ' ‘ ’///ot




Study III:® Replication of Stidy I'

Edwards, K. J. and DeVries, D. L.

Study,III was conducted-in fdall 1977 as a replication and exten-
sion of Study I.-"An additional measure of learnding was .a. speed test
of all 100 basic nmultiplication facts. A limit, of five minutes was
imposed for this test. Results will be regorted in the paper presen-
tation. co -t
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" B. Role of Instruction in Learning Transformations-Piagetian-Style Tasks

L

~ into five general types: '

i ) o . b
B A Review of Research ir the Learning ofLGeometric
¢ Tran%formations ' 2
.x'!~ o
. 4 i I
!
é

,ol y
‘Faustine P¢rham =~ -
e Central YMCA Community Colleg

‘,

3 and e

' Zalman Usiskin
a - University of Chicago

N .
. L
. .

Ten: years ago, if the writers' perusal of the research is accurate
there had been few studies in the United States which directly involved
the learning of geemetwic transformations. =

Since that time, a rather iarge number of studies, some indicated
below, have been conducted which relate’to this subJect They fall

A. 'Natural Evolution of Transformation Geometry Concepts

d
Piaget and’ replicators ' Moyer (1974)
Shepard and Metzler (1971) ~ McGlone (1974)

: Hhttenlocher and Presson (1973) Martin (1976)

Turner (1667) SR ’ Gardella (1974)

St. Clair (1968) - Kidder (1975)

Shah (1969) - ' Perham (1976) v R
Williford (1970)— Russian studies I

“  Morris (1974) ‘ .

.

B \ : .
C. Organization of Curriculum for Learning Transformations.

Beard (1968) i Shilgalis (1971)

Usiskin (1971, 1975) Klein (1972)

Olson (1970) o ’ Nudpl (1975). . .
Hoban (1970) ;\ , :

\ ' .
D. Effects .of Learning Transformatioms
- Usiskin (1969, 1972) ¢ Herot (1976) - ’
Kort (1971) ¢ Pitcher (1976)
Solheim (1971) .

E. ‘Teacher Attitudes TowardsvThansforma;ions
\

/. Gearhart (19‘743 ' AN MacDonald (1975)

v <




" (e.g., Kidder, 1975; Solheim, 1971) whose results seeq,to contradict N
t
w

 Kidder, .Francis Richard. "An Investigation of Nine, Eleven, and

& ¢ N = " - - i I
) ‘ ' ) ~ . -
"This session reviews the above research and more recent studies, » .

and due to lack of time and space concentrates on the interpretation ' f
of groups of studies. Some attention will be given to those studies }

the results of others ) . L

)

Some attention is given to foreign work, both of a‘psthofogiéal -

.and of a curricular nature. Of necessity we are brought tc this work . |

py Piaget, But others (e.g., the van Hieles, 1959; Freudenthal, 1959) . .
also lead us in thls direction: . Ny _ . ‘
1 - 3 Q -

The goals of this session are (1) to summarize the research in the -- .’
learning of geometric transformations, (2) “to-compare and *contrast the .
curricular and psychological studies and discuss the impllcations which
the sociological studies have for researchers in each of the other
areas, (3) to suggest avenues for- future work, and (4) to. generate

discuission about all of the above.

EN "«1
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is undoubtedly a contributing factor to these contr dictory ‘results. |,
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The purpose of this study was to ipvestiéatecfhe re}dtionship S
between interests ahd verbal problem-sélvinig achievement among secgn-
dary school mathematics students, - More specifically, it was designed
to examine tendencies for students to be more successful in*solvi e
verbal problems based on situations for which they possessed measured
interegt than in solvihg verbal problems based on situatipns for.which -
they pogsessed ‘little measured, interest. ° L : ! . ]

¢
-

Impetys for this study developed from the, following aséugptiqns:
.= . . ¢ .
1. Verbal -problem-solving is an impqréanzifunctibn;df sdcondary
school mathematics, . ’ " N C
P . « ’\ . s
- 2. Verbal problem-solvihg achievement may -be enhanceéd.by the
construction of verbal problems whose situationi;léiqui- 0
. ments serve as ‘motivational devices.’ ‘ ' T .
- e < N 5 ."'"')n.-_}}' . .
The results of studies attempting to secure evidencé'oﬁré§¥elap{§i; -
ship between interests and verbal probleg—solving athievemeni‘hqyg been
inconsistent. Some ‘demonstrate eithér no relationship or an’insignifi- :
cant relationship. Some others indicate a moderate positive , jr
relationship. The lack of a c¢lear, consisteht defi on of ‘interest * °

Wt

However, advances in techniques of measurement and experimental gésign" ¢
and the'appearance of a carefully researched instrument such aé the - - Sy
Kuder General Interest, Form E, designed specifically-for'secondary,’ .
school students, should serve to alleviate this problem: . .

- . . N
EN . S
, ® . . - ~x

e

Procedure’ o y; ‘ o S

_%— VIoe : RN -
_ The Kuder G nergl Interest Survey (GIS), Form E, designed 6 meas-~ . .

ure an individua 'g_ references in ten broad areas of interestEwas

administered to 223 eighth grade mathematics studéhgy:(fié males, 109 °.

females) in the Wacd (Texas) School District.” The three interest aréas -

utilized in this inyestigation are outdoor, compgtanional, and séignr o ‘\

tific‘. ./“5 i "‘ ‘: ‘ . . \‘ y _ .\' o l’, I. N u ' -

« -
- - LY

,Three parallel forms of -a-verbal problem-solving test; correspond- - . - .
ing to 'the interest areas of .outdoor, computational, and jgcientific,.
vere coénstructed.by the investigator. Each form consisted of ter -
verbal problems. ‘It was desired that only one feature of the, problems:

»
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/ on the three parallel forms, that of the cdntexy/in which they were
“ placed§ would vary. In other words, the first problem in each of
"3, .the three forms was similar exgept for context. Likewise, this pro- 7
: " cedure was WUsed for problems two through ten. Cj was exercised to
control for other aspects of the "equivalent" problems (e.g., reading
‘ level, verbal clues, mathematical operations involved, computational
, difficulty) .~ . . .

* Separate norms are established for males and females on the GIS.,
.Hence, students were .randomly assigned, by sex, to each of'three pro—
. " blem settings (outdoor, computational, and scientific) The verbal -
, . problem—solving test, with context reflecting outdoor interest, was
. ' administered to thosé students who had been kandomly assigned to the ’
outdoor problem-setting group. A similar procedure was followed for
. "' those students raridomly assigned.to’ the computational or scientific
problem-setting graups. Reliability cogfficients (KR-20) for the
outdoor, computational and sc1entific verbal problem—solving tests
" were .76, ,79 and .79, respectlvely

In designing this study, the investigator’ sought answers’tefgbe
foéiowing questions: - .
Qgéstion l: For.males or females, will there be a difference=
in mean scores on the three verbal probleim-solving tests? ! v

- - ggestion'Z Based”on the knowledge of a student's interests

’ alone, it is possible to predict on what type (context) of
problems that student will be most successful as measured
by a verbal problem-$olving test’ !

Ed ©

3 h s i h ’ , - .
N s' Y - . . - 9
. v : Anéltszg <o .. -
~ ) ‘

i ¢

. \ - In order to answer the questions hypotheses were formulated and .
) + tésted by, mulfiple linear regres51on. The specific hypotheses tes:ed
\ —_— were: o - .. _ . \
1. The ﬁpaniscores on the verbal problem-solving test across j
A SR A problem‘settings will not be significantly differentw ,
f ‘ df.( When scores on the verbal problem-solving test are : '
. - regressed on an outdoor intétrést variable; the regression .
o ' lines across groups (problem settings) will not be parallel. '~
When scores on the. verbal problem—solving test are g
#a . . regressed on & computational interest variable’ the
. ’ ) ‘ regression lines across groups (problem’ settings) will
’ ' ._not be parallel ' >
- - 4, When scores on the verbal problem—solving test are regressed
, on a scientific interest variable, the regrgssion lines
- - across groups (problem settings) will mnot be parallel. ’ -

-~ .« el
‘
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Each of the abové hypotheses was -tested twice, once for males ° ¥ ¥
and once for -females. , The investigator chose-a significance level
of ,05 for all stated hypotheses. ) ) ’ S
. ~ . : P ) , ' .
Conclusions T, . e
—_— . o .\
IS ' The ansvers to the questions relative to the conditions of theé

investigation are discussed helow, _ -

. Answer- to Question-1: The mean scores ‘on the three verbal,
s problem~s6lving tests were not signiﬁ}cantly different for
‘ males or females, , /

/

'}' Answer to Question 2! There was no evidence in the data

" obtained to support the expectation that it would be possi-
ble to predict on what type (context) of problems a student
would be most successful as measured by a ‘verbal problem~ - ‘ -
sQlving test iﬁfprior knowledge of his interests were known. .. o

In view of the related research and the literature on motivation,'“‘
it was somewhat surprising not to.find affirmative evidence for
Question®2. It may be £R$ case that if interests serve as motives, = ¢
| they tend to be very weak‘as predictors of verbal problem~solving

achievement, :3 / ‘ . -

For future research in the area of this investigation, it is

recommended that additional work be conducted in developing the
.verbal problem-solving tests. . More evidence is nqéessary to claim .
. ' that the tests actudlly do reflect a specified area of interest.

?

‘“It is the opinion of the researcher that interest areas in which
-students have had more hands-on experience\(e.g., sports, auto mechan-
Ics, music) will serve as stronger motives than those used in this
study. It may. be necessary to use interest measurés, other than the

/ e .

.- GIS. A suggested test may be Ewen's Aétivity'Exberiencé\lnventory. . .
™ ‘-. - ’ . . < . ¢ .
. Esinventogx . ", N _/

-

With appropriate changes, futufe investigatidns may illustrate ,
the usefulness of desighing instructional materials to suit students' . ,
interest profiles in order to facilitate the development of verbal ,
. ‘'problem-solving skills, - ‘ C

s .
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- A-Strategy for ‘Inducing Reclassification of Problem
Types According to-Heuristic Schemes.

’

Martha L. Ledbetter .
Massachu?ettS"College of Pharmacy

. - -
» . .

?urgose- T .o - o
This research study investigates changes in problem‘solving
schemes that occur as a result of a course in heuristic problem
solving. Recent studies by Chartoff (1976).and Silver (1977). have
isolated a number of problem sorﬁing schemes including: the heuristic
sort, the generic¢ sort, the contextual sort and the question-posed
sort. ‘Silver's research geems to indickte that-those students who
sort according.to heuristic cues are more efficiegt. problem solvers
than those who sort otherwise. If such evidence is correct, then
teaching students to solve problems heuristically may well increase
performance "In probplem solving. - .

An examination of current high school and college text¥ reveals
that for the most part problems are categorized with respect to
content (mixture problem, age problem‘gtc.),or algebraic type (quadra- -
tic equation problem, system of linear equation$ problem, etc.). '
Students are then encouraged to look for cues.in problems that will
allow them to place them in one of the above categories.. A majo#
criticismr is that nq instruction is given.in how to conceptualize
or approach”problems that do not closely resemble previoidsly encoun-
tered problems. The heuristic' approach, on'the other hand;, emphasizes

<,problem solving strategies rather than specific problem types.
Strategies include arriving at a contradiction), specializing, general-
1zing.and establlishing patterns, to name a few, 7 = .

©

Proceduret < . ¢ i
- - . . |
This study has both an instructional;and a research component.
Involved in the instructional component is the design of a set of
" materials used in the teaching of a 10-week course in heuristic problem
solving. The course.is organized around three heuristic strategies:
(1) Using the. symbolic language of algebra as a problem solving tool,
(2) Establishing and continuing patterns as a way to solve .problems
and (3) Using contradiction as a method of problem solving., The
research component involves the analysis of data obtaired from a
class of freshman Students enrolled at the #hssachusetts. College of &
Pharmacy in Boston who took this course. ? The basic questions investi-~
~ gated by the study aret (1) does the proposed course improve‘ﬁtoblem
'solving performance? (2) does the course effect changes #n problem
sorting schemes? (3) -are changes in problem sorting schemes related .

! ‘
to increased problem solving performance? (4) do students with

2
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certain patterns of abilities (1. e.~convergent andwﬂivergent thinking
and deductive reasoning) benefit’ most, from sueh a course? (5) does
+ s the course increase performance on basic mathematical skills?

. . v * L 4
. R _ The research design is, the Solomon four group design as described
by Campbell and. Stanley" (1963) The subjects. (n = 100) were a group “q

of freshmen students enrolled ini a required sequence-of college algebra.

courses at the Massachusetts Colllege’ of Pharmacy. These students could

be described as primarily middl incope students of average mathematical

ability residing chiefly in the New’ Eﬁgland,area The control group .3

studied the traditional course in college ‘algebra and trigonometry.

Pre-testing was of: two types: pre-testing of initial "abilities"? . o

. o . and prertesting for initial problem sortlng schemes. The pre=tests for
initial ability consisted of five tests friomthe"Kit of Factor Referenced
Cognitive Tests",developed by Ekstrom, Frehch Harman and Dermin,

A 'specilally designed problem solving test “and accompanying problem .

. sorting questionnaire was also administered as a pre-test, THe post—
‘test consigted of 'a 30-item test of which 15 items were on specific
mdthematiqdl content and 15 items were on problem solving. Ald ‘students

¢ : . also completed the problem sorting questionnaire at the end ofj the ©

10-week period. Multidimensiondl\scaling was used to analyze the

* data from the problem sortingquestionnairt and ultidgriate regression ¢
. analysis was the statisﬁical -means of relatin e studied fai;ors , ,
(initial problem sorting scores, cognitive test. scores, treatment vs. N
cantrol) to the response variables (post-test problem solvinglscores o .
' and post-test mathematical content scores) B ot TN
. - .{ . * R - a . ,! ’ - .
- 4 ] . , ; :
L Results “l \\\:X , . i
SeSeats iy . 2
' Results will be reported Qhen'theﬁpaper'is presentedi\\ °
2 v -
. \ = * “r
! ‘ ' o Tav e ’
i T :
3 ' , ) -
( . < a .
’ T ) .
- . v N AN
T - A . ‘ ° e v :%?\;‘:ﬁ«
. ’ aoow Py .
. ‘ ‘ K h ) N 2 4 .
Ay ‘ H ~
4 ‘ “ -~ N /)
M ~ . R 4 b
0 Seos Y ~_ " L 2 ° ' \.
o \ . ) e~ ’7 = " [N R . e "
’ B ‘2?? ‘ T °
« . € - s !
N \ - ® .
: 1026 |
< / N e e i
K B ] ) ¢ { '
A
+ [4 : . ;;fi\‘»: (8 l -




*;f

——y, ~ —

. i p . % s
. An Investigation of the Hand Calculator As a
. . Mathematical Problem SSlving Tool
\ - : 't
L " Edwin McClintock - o ,
I .~ _Florida International University \ o . s
o o . ! ' toe
B - > g . s ‘ 1S
Pu;posem ) B - - )
The hand~held calculator is purported to have tremendous -

potential for the development of problem solving abilities, Among . ° '

the studies currently found in the literature,. however, little
research related to use of the calculator in problem sol ing is

" present; almost all studies relate to attitudes, achlevement and
computational skills.. The NACQME. report”(1975), Shumway (1976),
and Suydam (1976) suggest that the calculator may have thé potential
to "free a subject's mind" to focus on the reasoning processes and
problem solving strategies. If this is true, the imﬁediacy and
generality of outcomes could still be seen in attitudes, achievement, :
and computational skills. Hilton and Rising (1975) however, already
point out that "singular dogmatic answers" and Mirrational reactions"
have and will continue to focus attention away from the use of ¢al-
culators in school settings. Suydam (1976) indicates an immediate
need for research as well as development, in order to mitigate against: )
criticisms and in order to determine the extent and nature of the “

calculator's potential as a ‘problem sBlving tool.

X

-

To investigate the development of problem solving abilitiéé, !
analytic examinations of .the development of mathematical processes
as opposed to products is frequently cited as critically important.
(Kilpatrick, 1967; Suydam, 1976; Scheffler, 1975; Kantowski, 1974).

- This focus on process is not only appropriate for investigating
problem solving but also is necessary in exploratory studies
involving the calculators as well. As Suydam (1976) and the NACOME
Report °(1975) suggest, the calculator virtually assures the product
in the" treatment of problem solving provided accurate reasoning and.
analysis of the problem leading to the development of process precede

‘the- calculations.’ .

~

O . Procedure * w @
In view of the need and the state of research on the calculator
as a problem solving mediator, a combined experimental and clinical
v study was carried out. This study employed a Pretest~Posttest
‘ Contfol—Group Design }nvolving an experimental group and two control
groups. -Further, selected subjects from.each group were clinically
studied during the experiment to determine the extent and nature of v
the development of mathematical processes., The tﬁree groups, con- - . o

sisting of from 9 to 16 subjects each, are defined as follows: , T

-

. P
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is defined as those subjeets. who were given specific instruction
in: l} The Texas Instruments produced Introductory Algebra Calculator
Mathematics, 2) selected heuristic reasoning .techniques, 3) inductive
reasoning techniques, and 4). analytic-synthetic reasoning, along with

5) continued content 1nstruc€ion. .

Gp: Those subjects who were given specific instruction and,
practice with: 1) 'specific heuristic reasoning techniques, 2)
inductive reasoning techniques, and 3) analytic-synthetic reasoning, ‘¢
along with.content instruction, but no work with the calculator. :

+  G3: Those subjects who were given specific instruction in the
use of the calculator for learnlng Algebra .I, including the Texas
Instruments produced Introductory Algebra Calgulator Mathematics.
. & LA
' The treatment involved topics taught during the last three months - -
of Algebra I. Initial pretest data was collected in mid-March 1977
and posttest data was collected in mid—June, 197 . ; ,

Dependent measures of content knowledge and selected "reasoning"
abilities were used to collect data to assess differences among
groups. They included: . . -

£ o v .
- . N

1. Tankton First-Year Algebra Test, o : - :

2. Necessary Arithmetic Operagions (ETS), ;
-~ . N A
! 3.” Number Sequence Test, and = - B . . .

4®Nonsense Syllogisms Test (RL-1 by ETS). ;

N4

T

More critically, selected subJects from each of th& three groups
were periodically given "typical Algebra I'" word problems and complex
novel problem to solve ip a clinical. setting!. Tape recordings of their .
"thinking aloud" were gathered for protocol analysis. The tentative .
answers to several questions were sought through the analysis’ of these I
protocols. An example of the’'questions is: rDo process sequences .
exhibit increased frequencies of the use of ‘estimation and 'successive
approximation as problem solving abilities develop under calculator’ s
mediation?- i - ) v
' /

Data were analyzed through analysis of covariance,. with’the pre-~ ., g
test data being used as the covarate. Additionally, protocols were
analyzed’ through the process coding scheme developed by Kilpatrick
{1967) and refined by Kantowski (1974). (A slight modification of
this scheme was necessary for this particular study.) The protocols . -
arose from the administration of §ix verbal problems to eight subjects
from each of the three groupg at the outset of the study and from
the administration of six vgrbal problems to the -same subjects at
the end of the experimental period. Data arising from the protocol
analyses ware .used to qompare the individual's performance on a partic-
ular *problem with h&d/her Awn process-product median score as weil .

N VN p
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as to compare performances of an individual and a.group with the
process-product scores of other groups, -

* . . o

Regults .

-~

Results of the‘analysis of covariance for Algebra I achievement

- indicate significant differences among treatment groups. The F-

ratio, F(2,31) =,4.49 is significant at P <.05. Adjusted mean
scores were: 32,27 (Gl); 27.20.(G2) and 30.55 (G3).

Results of the analysis of covariance for Necessary 'Arithmetic .
Operations did not indicate significant differences among treatment
groups. The F-ratio was F(2,31) = 2,11, Adjusted mean scores were:
14.27 (G1); .12.55 (G2) and-15.27 (G3).

.

Results of the analysis of covariance for the Number Sequence

.Test do not indicate significant differences, among treatment groups.

The F-ratio was F(2,31)< 1. Adjusted mean scores were: 12,48 (G3);

13.20 (G2) and 1274 (G3). . ¢
Results of the analysis of ‘covariance for the Nonsense Syllogisms

Test indicate significant- differences among treatment groups. The ¥- *

ratio, F(2,31) =_11.14 was significant for p <.0l. Adjusted mean

scores were: 16.42 (G1), 11.46 (G2) and 16.84 (G3).

The results of protocol analysisiindicaté’trends\toward greater

. usage of specific heuristics under- a combined problem-solving and

calculator treatment. For,those subjects in G1 and G3 who showed
increased frequency in the use of specific heuristics, there was '
a corresponding inerease in median process-product scores. and complete
solutions on the findl battery of “tests.. The questions that guided
the analysis of protocol data along with tentative answers to those
questions based on the data is included in the full report of the

‘study.

Conclusions

W o

Within the context of this eiperiment, a combination of calculator
mediated and problem solving oriented Algebra I instruction appears
t? roduce greater improvement in Algebra I achievement than problem
solving oriented instruction alone. 1In contrast, however, on the
variable that has been designated as more closely related to deductidn,/;>‘
gsignificant differences favored treatment groups in which probleoﬂ//'
solving oriented instruction was provided Protocol analyses pr ed
evidence of trends toward improved usage of heuristics.and more formal

‘reasoning stfategies, However, the data from protocol analysis did

not provide evidence of marked improvement in cOmpleted solutions
n of different effects on problem solving processes resulting from
differént treatments. . . ‘
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The Evaluation of A First-Year Algebra Program: Fundamental s}
# Issues in Educational Evaluation

4

- =

Jane Swafford
Northern Michigan University

and

Henry Kepner
_University of Wisconsin-Milwaukee

i

Purpose

¢ During the 1976~77 school year, the National Sgience Foundation
sponsored a-field evaluation of the experimental first-year algebra -
materials, ALGEBRA THROUGH APPLICATIONS. These materials were
developed over a two-year period by Zalman Usiskin under a grant
frop NSF. 1In them, the usual skills and concepts are developed
through applications and models rather than from the properties.
The traditiondl skills associated with first~year algebra are pre-
sented but with the following exceptions: factoring of polynomials,
fractional expressions and simplification, and artificial word pro-
*blems. ~1In their place, greatér attenpjon is given to operationms, »
linear expressions$* sentence solving, and problems arriving from
real situations. Elementary notions from probability and statistics
are integrated into the course. The course is designed for the
average student as a substitute for the traditional first-year
algebra course.

. N .
> R >

Procedure . . K ) .
Twenty (20) schools throughout the United States were selected

from volunteer schools on the basis of & geographic and community-
size distribution. The schools ranged geographically from California
o New York and ffom Urban'centers to rural pockets. Each school
selected to participate was contacted in the summer of 1976 and

. requested to submit the names of two equally-capable teachers, both
of whom would be willing to teach the experimental materialsg. By a
random process, _ one of the two teachers was selectéd as the experi-

. mental: teacher. Each participating school was also requested to
provide four first-year algebra classes, two control classes, and two
-experimental classes. Schools were further requested to randomly

- assign students in these four classes to their particular section.

.* The two classes a351gned to the experimental teacher-constituted the
‘experimental classes. These were taught using the experimental o

materials which were provided.at no cost to the school by NSF. With

the exception of a teacher's .guide, "Notes to the’ Teacher," no guidance -

or in-service was provided to the experimental teacher. The cortrol

teacher taught the two control clasges using whatever first-year

algebra materials were normally used in the school. .In all, there

were 2, 446 students participating in the study. -

&
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In td;/ﬁéll of 1976, the following four tests ‘were administered to
all classes participating in the study:

1. A 25-item, Likert-type Opinion Survey developed by the
project staff incorporating items from Aiken, NAEP, and
others; . -

The Mathematics , Computation sub~test of the Stanford
Achievement Test: Advanced Battery, Form A (1973);

The ETS Cooperative Mathematics Test: Algebra I, Form A
(1962) ; an¥ \

‘

4., A 28-item Consumer Test developed byIE@pner

In the spring of 1977, the following four tests were also adminis-
tered to all classes:" - . .

* .

1. A 25-item Opinion Survey containing items from the fall -
Opinion Syrvey together with items modified to focus
specifically on algebra or the algébra text;

A Consumer Test, Form A or B, each consisting of 11 and
10 problems, respectively, from 'the fall Consumef’Test;
N - —

3. The EST éeoperative Mathematice fest:f Algebra I, Form
\3 (1962); and : 2

-

4 First-Year Algebra Test developed by Kepner. ,

The computation test and ETS test were given in the fall in order
to determine the relative ability levels of the students and the
equivalency of the contrel and experimental classes. The ETS Algebra
I Test was given as a post-test measure of achievement on many of the
objectives common tg a brpad spectrum of first-year algebra courses.

The First-Year - Algegra Teat was developed to measure achievement on
those objectives of“the cohtrol and experimental materials not measured?
by the ETS Algebra- I Test. ., The Consumer Test was used to, compare
improvement in the:consumer problem-solving skills of regular first-
year algebra students wi;ﬁ'those preserited an applications orientation.
The consumer problems themselves did not require asjlgébraic skills.

The Opinion Survey was administered to monitor changes in attitude

/-——{elative to the enjoyment and usefulness of mathematics, as well as
to obtain feedback from the. students on the texts. .All tests were
administered by the classroom- teachers according to a schedule suggested
by the evaluators. .- .

In addition to student gesting, a site visit was made to each par-
ticipating school, textbook’evaluation forms were completed by, both
controlk and experimental teachers, and end-of-chapter reports and
chapter tests were submitted by the experimental teachers

Ay
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L3 .
’ Results , . L . g

Due to incomplete data, only seventeen schools were retained
in the final achievement -analysis.” In the across-school analysis,
t-tests for 17 matched pairs (control matched with experimental in
each of 17 schools) showed no significant difference between the
two treatments on the Stanford Achievement Test and ETS Algebra\l
Test administered in the fall and again on the ETS Algebra I Test
and First-Year Algebra Test administered in the spring. * School-by-
gchool t-test analysis yielded significant differences in favor of
the experimental group in 8 of the 17 schools on the First-Year
Algebra Test, and in favor of the control group in eight schools

*. on the ETS Algebra I Test. Item analysis of two achievement post- g\

+  tests across schools showed significant differences favoring, the

experimental group on 13 items on the First-Year Algebra Test and
significant differences favorlng the control group on fhree items

- on the First-Year Algebra Test and. 16 items on the ETS Algebra I
Test. Overall, achievement between the control and-&xperimental

+ .groups was comparable when the entire spectrum of objectives and .

school situations is considered..

Attitude data was analyzed by item across 19 schools. In the
fall, there was a significant difference between the responses of
" the experimental and control groups on only one of 25 items in the
survey. In the spring, there was a significant difference favor-
ing the experimental on four items and favorlng "the-control on oné
item. The four items dealt either with the importance of algebra :
; in everyday life, the enjoyment of word problems, or the explanations
in the text. From fall to spring, there was a decline in attitude
o - in both groups on 10 out of 19 repeated items, with the experimental
| group experiencing a significantly greater decline on one item.
K Overall, the.control group found algebra more interesting while the
experimental group enjoyed word probiems more. .

=
N v

o . .The Consumer Test data was also analyzed by item across 19
schools. Gains from fall to spring showed a significant difference
in favor of the experimental group on five items and in favor of the
control group on two items. The experimental group showed a signifi-
cant decline on one item. Overall, the performance of first-year

' algebra students on consumer-related problems was dlsapp01nt1ng

Fundamental to any curriculum evaluation are a number of basic
issues in educational research concerrting a fair yet unbiased test-.
ing of. e perlmental materials. These include: ’

A

.
B

1. How do you get schools and teachers which are truly

° representative to test new materialg?
‘Qy . 2. How do you inSure that teachers teach: in the spirit of
: the new materials without extraordlnary assistance and'
in-service’ i .
N T £ i
{

-
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3. What degree of control can the evaluator exercise over
participating teachers and still maintain an authentic
classroom setting? -

4, Does the first year of use of a set of new materials
constitute a valid test?

5. What is the magnitude and effect of the status quo bias
on the success of experimental materials9 F

Results df the present evaluation project must be interpreted
in light of a discussion of these questions and with a consideration
of the unique circumstdnces in the schools involved.

. - .
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Pdcket—Sized Calculators Versus Seventh Grade Matﬁ Students

' a ‘ . \
L, Waldo Rich !
Temple Univérsity . .

.

3 [N

Purpose N

»

2

J‘According‘to a recent report in Changing Times magazine, due e
. to nominak .pricing, pocket-sized electronic calculators hagelput
remarkable problem-solving capabilities in the hands of millions
sof citizens, . .
. This phénomenon was not taken lightly by the Mathematics Educa-
tionffftion Research Center (MEARC) of Temple Universi PN

First of all there is little available evidenfe to support the )
contention that these small computing devices make a difference in, -
terms of how young students function in basic arithmetic computation.

Under the direction of Dr. Jesse A. Rudnick of. the MEARG staff
a cooperative research project commenced during the £311 of 1975.
This research project was planned to extend a one-year period and: .
to. include a mutual participation from iﬁdustry, the University and “
a public school system. The major question-of concern was - What .
impairment if any do calculators pose for students learning arithmetic? -

Consequently, the Monroe Calculator Company became involved and
made approgimately $10,000 worth of their hand-held mini-calculators
available.- The West Chester area public school system.involved six
classroom teachers and more than 700 students-in their seventh, grades
as a population for .the study. Ry ° i

The calculator study was initiated to'determine what impact if
any the availability and_use of a hand-held calculator would have.
upon the achievement ang attitude toward mathematics of seventh

grade students, : .
Specifically the study was desigmed to answer the following. = -
. questions: ) - - .

[

1. Would the availébility\and use of a hand-held dalculator,
oven time, affect the students ability to perf the
basic computational skills without the, calculator? !

2. Would the availability and use of a‘hand—héld calculator,
over time, affect the students' attitude toward mathe-
matics? - ) ’ v
- Sl . T, ) ‘{ '

‘:(,\' - 3 ‘."
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. constant, namely, the topics which the district felt cd¥ld be covered

‘faculty in the planning, and was ;g/ponsible for the collectlon, o

3. Would the availability and use of a hantheld calculator, . oo-
over time, affect the students‘ overall dchievement in - o
mathematics’ - . ’

AW . T
° . . Lad

.
4. 1Is there any relation- between student dexterity and the .

students' achievement with the calculator7 - ‘ -

In addition the stu axtempted\to,assess @he'atthude_of parents ..

toward the inclusion of th calculator into, school programs, Morelk .
specifically: ', ’ i : N . . . - A

-

5. What are the attitudes og parents toward the use of & . .
calculator by their children in the school mathematicsu
class? T . e - VR

- [ ', » ‘ ‘.»?
(6. What change,.if any, occurs in parent attitude toward the ,
- inclusion of a calculator in the school mathematics class-~
room after the p ent s child has used the calculatof for

an entire sc ol‘year7 -

Procedure ‘ U
e <y - ~
s . oG

* The MEARC staff organized the -study,, involved the West Chester

Interpretation and dissemination the data and fimdings under the
direction of Drs. L. Waldo Rich and David«Kapel

‘o~
s’
. .

Students participating in the study attended the North Junior
High School and the Stetson Junior High School. A;Erox1mately one-"
half of the seventh grade students in these schools\were assigned

to the experimental group, while a similar number were designated ’
as a control group. The selection and assignment ‘was done -randomly

by the school administration under the direction of Dr. Bruce-Burt, .
Director of Mathematics. Each.of the six teachers participating in -
the study had four classes: two experimental and two control .

s

The experimental group had mini-calculators available to them
each day for use in their mathematics classes during the fall.of 1975
and spring of 1976. During the gummer 1975 the MEARC staff, under
the direction of Drs. Krulik, Wilderman and Mrs: N6la Blye, developed

.a trainlng manual for the calculators. . y

The curriéulum for both the experimental and control groups was

in tha seventh grade, Holt School Mathematics text o,

“After a brief period with the calculators at the beginning of
the school year, fall 1976, the students :were "on their. own" as to
how and when they would use the mini-calculators, . The students. kept

a log of when and for what operations ‘he or hengEE\the caIculatdr
during the day. S KK\/

o
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All th2 students were pre-tested in several important areas.
One question under investigation was whether or not manual dexterity
enters into the eye-hand coordination. Since this can easily affect
the student's.yse of the calculator, the MEARC staff utilized a form ° -
‘of the Gestalt .Bender Test to measure ‘this dexterity, and' hoped that
the study would reveal some correlation between these factors and.the
use of the calculator.

-~

Since student attitude toward mathematies is an important factor
in performance, students wetres~tested on a pre-post basis to determine”
any change in their attitude. TFor this pufbbseg,a.fqgm of the atti-
tude instrument found in the International Study of Achievement in
Mathematits was émployed (Husen, 1967). - :

~
-

The parents 6f éll the: students in both the experimental and - g
control groups were surveyedofor attitude and all of the mathematics
teachers in the West Chester schools were also queried in this area.

Standardized tests in both problem solving and computational .-

skills were administered.to participating students by the West Chester
: faculty, and the same tests were given at midsemester and again at

the conclusion of the study in an attempt, to determine what effect

the availability and useé of the ta¥culator had upon the computational

and problem solving skills of thé students. Specifically, the COOP

Test of Arithmetic Skills (ETC) was administé}ed to both the experi-

mental and control groups before, halfway. through, and after the °

school year 1975 to 1976. Three parallel forms were employed. Fifty

items comprised this test which are distributed unequally in problem

solving and arithmetic computation. . s
. .

A computation test designed by the West Chester School District
comprisefl of 26 items dealing with basic computation facts was
administpred at the end of the year permitting those students who
received\the calculator treatment to use their calculators during

the test while the control gFroup could not,

l The research design was established to permit pre-interim-post
i ahglysisﬂqf all data collected on main éffect variablgs~re1ated to
ac ment and attitude. Provisions-were also made for the collection
and evaluation of summative data. Test analysis included t-tests,
Pearson correlations and analysis of variance. All computations-were
facilitated by Temp?e University CDC 6400 computer. o

v
.

- ] " - ‘ -
v - - :
Results ) ) ’ \
- . . X ~

Although the work of the MEARC staff continues it 4s felt
reasonab{g and honest to report the following results as sound and
conclusivex .

e 1
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. Analyzing the result§ on an administered computational test to

\\\§\both experimental and control groups and allowing the experimental:
group (the group which learned how to use the calculators) to take °
the test with a calculator, it was found that the groups did not _
apprecia!ly differ in arithmetic achievement and computational
skills. Further, the MEARC staff feels on géod grounds to conclude
that calculators.don't harm children. It can further+be offered.
that total performance differences leaned in the direction of the
group (experimental group) which, used the calqnlator. '

Although some parents felt consternation at ‘the outsét, their

attitude moved in a positive |[direction at the end of the study.

Y e

Slight pasitive correlations were uncovered with relation to
dexter ty and achievement. indicators, however, these correiations

were tfoo weak to merit conjécture.
»

A

. The correlations between control and experimental group in all
areas of achievément were high, which suggested that the performance
of the control group was not greatly dissimilar to that of the
experimentdl group. .

"Further, it was found’ that at the end of the study both groups
improved across the study; but surprisingly enough, the improvenent
was at the same rate,

“

! v . w " .
In terms of student attitude, the control .group leaned in the
direction of positive change from beginning to end while-the experi- .,

mental group seemed to be leaning in a negative direction. This could
be explained by the .extra work it todk to acclimate students to
calculators, associated with 3 self-fulfilling prophecy on the part

of students that they "must" use the device. Students were informed
that using or not using calculators was their decision. However,

this observation was not supported by statistical significance and so
should not be taken out of the context of the total data to which it
was a part. . 3 .

Y

v

Finally, one popular viewpoint suggests that aids to computation'
stifle the understanding of-basic arithmetic processes. Yet another,
asserts the divine principle that with calculators our boys and girls.
will be saved from the wrath of math, However, this study rather
conservatively suggests that talculators neither exceptionally enhance
nor do they hinder growth in mathematids, To say the least;, somé
learn with and some ledrn without calculators,

»
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The Natufe‘ofispatial Ability and Its"Relationship to
Mathemdtical Problem Solving

-

, .- .

. . Barbara Moses"
Indiana State University-Evansv;}le
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N '
Purpose g . : T

Interest in problem solving has clearly grown in the past °
- five years. Research studies-have-attempted to: (1) refine the
definition of probiem solving; (2) evaluate the complex strategies
- invélved in problem-solving behavior; and (3) assess the abilities
needed to be successful in probL;m—Solving situations. -
This investigation attempted to analyze one specific-ability
that has arisen as a possible factor in successful problem-solving

™~ behavior, namélyospatial ability. The inveéstigator attempted to
answer the following general questions: : <
v 1, In*analyziqg the intellectual abilities of an individual
. using existing instruments,Jera distinct, indivisib%e
quantity, called spatial ability, be detected? ~ o
4 N .
W ! ) :

- [} 4
- 2. 1Is thére a significant relationship between spatial ability
and problem—solving'performgnce? . .
¢ \ / ' o < .
3.- What effect, if any, will instruction in certain percgeptual
" - techniques have on spatial ability? On problem-solving
performance? v - g

>

¢ . s

Procedure ., ' N

The study consisted of two phases. The first phasedexplored
the nature of spatial ability and how it reliated to problem solving,
based on pretest data information. The second phase was an instruc-
- tional *phase, followed by a posttest period used to assess the effects.
of the instruction. R -
o \ R .

The study was carried out over an 1l-week period during-tﬁe first
‘semester of the 1976-77 academic year. The sample populagion con- "
* sisted of four intacg fifth-grade ¢lassrooms, totaling 145 students.
All four classes were given the pretest and posttest batteries; two
of the four classes were randomly selected as experimental classes:*
and received the instruction in perceptual techniques, -

The pretest and posttest batteries were the same set of six '
tests. Five of the tests were spatial ability tests ‘that had been

— EPCANEVE - - . - - § e
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- - selected -after an extensive review of factor analytic studies apd
’ AfteQ pilot testing to deterﬁine"@f»the tests were appropriate for
fifth-grade students. The five spatial tests chosen were: Punchéd
i} Holes Test, Card Rotations Test, Form Board Jest, Figure Rotatigns°
Test, and Cube -Comparisons Test. The sixth -test was a Problem-
MO Solving Inventory designed by the investigator. This inveﬁtgry .
) consisted of tenprobleds: four spatial problems (i.e, problems )
solved most efficiently—Byiﬁiitures;‘graph§;‘diagréms, tables; and
", 1ists), three analytic problems (i.e« problems solved most effjeiently
by computational teéhniquegﬂand.numbék sentences) and ‘three equally
spatial and analytic problems. :, - - o
ro . . - ?
Tbeqspaqial“abilit§~score wag computed by summing the z=scores
on the five spatial tests.. The problem-solving performance score
was computed by the number of correct responses to the tenproblems

«

-on the Problem-Solving Inventory. The degree of visuality score s

» - (an indication of how much an individual uses pictures, graphs, - s
tables, etc. irn.solving problems) was computed by agsigning a score -
of 0, 1,70or 2 for each item on the Problem-Solving Inventory and
~then summing across all tenitems. - '

The pretest data collection occurred during the first week:of
the study. The instructional period lasted for nine weeks. The
posttest data collection occurred during the, 11th week. '

2

b

In"addition, several EEG measures were taken in orger to " ..
‘ corr:?dfﬁte the results: The EEG measures brain hemisphere activity,
wherd left hemisphere activity 1% associated with analytic thinking

and right,hemisphere activity is associated with spatial thinking.

N AN
. ) Y . -
. . e
Results . ' o

A €

IS

1. Four of the five spatial tests hung -together as an indivisible
construct based oni (a) Pearson product-moment correlations between
.each other; (b) factor analyses:i and (c). regressicr analyses.~ The
fifth test, namely Cube Comparisons, did pot correlate significantly
with the othgr four tests and came out on a separate factor.. The -

- EEG data served to ‘confirm the author's hypothesii'concerning'this

. finding; the other ‘four tests were pure spatjial t@sts (right hemi-
sphere activity) while' Cube Comparisons could be solVed)analyticQIIy

T (left hemisphere aqt%vity). o . T;mﬁ'“

.- . A : . .
_— A second and third administration of seven spatial tests (the .

. ° five original tests plus two additional tests) indicated that-gpatial ‘;

ot abifity was an indecomposable 'ability, contrary to previous, factor v
. - analytic results §ﬁbwing‘that §patﬁhl‘gbility could be separatéq into
twér. component\é. ‘ * v e i ot N '

- [
-, . ' N

2,  Spatial ability was found to correlate §ignif}cagcly with problet~
solving perfofmance, and, to a lesser extent, with degree of visuality;
N o ) ’,' o Io -,

' ~\ -
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ﬁowever, problem-solving performance and degree of visuality did not
correlate significantly (based on Pearson product-moment correlations).
An individual with high spatial ability will do well in.problem- -
solving situations but will not always use visual solution processes.
Again, EEG data confirﬁeg“the author's hypothesis about this finding.
The EEG. data indicated that the high spatial ‘ability individual may

not be writing down visual images, hut they are taking place in

his brain, as the right hemisphere activity indicated. 1In other

words, the high spatial ability individual may not find the need to
write down the&e visual processes. Since the degree of visuality

score was based on written work, the statistical results are not
surprising., . .
3.) The classification of problems as spatial, analytic,éar‘equally
spatial and analytic is a meaningful and consistent charabtterization.
The tenproblems in.the Problem-Solving Inventory were originally
classified according to individual oral interviews in a piloévtesgigg
situation, Dhe problems were re-classified, judging a problem to :
be spatial if; (a) it has a high mean degree of visuality score based
on written work; (b) its mean score correlates significantly with
spatial ability; and (c¢) EEGs show much right brain hemisphere activity
by students trying to solve the problem. 1In general, problems
classified as.spatial using’one gefinitioh were found to be Spatial . w= .
by all four definitions. = ,e ’ . -

[ 4 - By,

4, The instruction affected significantly spatial ability and
probleh—solving performance on spatial problems, but did not affect
degree of visuality (all based on analyses of covariance, -using
pretest measures as covariates, in order to factor out initial.
differences between control and experimental classes). This finding
indicates that spatial ability is a modifiable quantity (contrary to
research studies claiming that spatial ability is genetically deter-
mined). The finding also indicates that problem~-solving performance -
can be;improved by spatial instruction: it would behoove mathematics
educators to consider including spatial instruction as part of the
regular .mathematics ,curriculum.

v

No differences were found in i%structional\effects between
males and females or between high and low spatial ability students.

d
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An Exploratory Study of Fourth Graders'
Heuristic Problem Solving Behavior

i s
~ Kil S, Lee
University of New Orleans

-—

Purpose

Tge primary purpose of this investigation was (1) to study how.
young children (fourth graders) attempt to solve word problems, and
(2) to study whether young children can use heuristics appropriately
and effectively in solving word problems. Heuristics were considered
as questions or advice a problem solver may conscientiously consider
when solving a problem.

‘.

Conceptual Framework

~.

" This study considered three aspects of an educational situation:
when to teach, what to teach, and how to teach. Bruner (1963),
Piaget (1964), and. Polya (1957) emphasize that the learning situatfon -
should be centered around the learner, particularly, the learner's
cognitive developmental stage. Polya's heuristics (l957) were adapted
“Considering the developmental stage of the subjects (concrete opera-
tional) and the problems found in the fourth grade.textbooks. Polya's
teaching qethod 1957), imitation and doing, was used. The clinical
method wa% chosen for this study. This methéd allowed the investigator
to observe each subject involved in problémsolving and to ask probing
questions intended to uncover the inner dynamics of the pr353§s of
problem solving. ’ ~

(

Procedure s
é The investigator selected two groups of subjects, experimental
control. The 16 subjects were selected on the basis of 1) "two
Piagetian problems, Equilibriumin the Balance and Oscillatidén of a
Pendulum, and 2) teacher s recommendations. Eight of the 16 subjects
were recommended as average achievers and Satisfied Piaget's criteria -
of II-A cognitive.level on both problems. The other eight subjects
were -recommended as -high achievers and satisfied Piaget's criteria~
of II-B cognitive level on both’ problems.7 "
SRS .

" The experimental groups, four II-A’and four II-B, received 20-
sessions of instructions in the use of heuristics when' solving word % i
problems. Each instructiondl session lasted about 45 minutes and
was completed in eight weeks. . Two pre-éxperimental interview problems ’
and six post-experimental interview problems were given to all 16 ,
subjects. Four weeks after the ‘Post-experimental interview, two word

- - o




preblems were given to the egperimental subjects as part of the
delayed post-experimental interview. Each interview session was held
in an individual clinical setting where audio recordings, student
worksheets, and investigator remarks were collected. These were the
~ basis of the quantitative and qualitative analysis of the study.

AN

Results ° {”

J// .In the post-experimeﬁtal interview, the experimental groups solved
35 of 48 problems successfully or 73 percent. The control groups

solved-.only 3 of 48 problems or 6 percent. The delayed post-experimental

interview indicated that the experimental subjects retained the appro-
priate usage of heuristics in solving problems. Nearly 80 percent of
the problems were solved successfully.

The control groups showed no change in frequency of usage of heur- -

istics from pre-~ to post-experimental interview. The experimental
-groups' use of heuristics increased noticeably from the pre- to post-
experimental problem solving. The expefdmental subjects were able to
select an appropriate heuristic for nearly, all the post-experimental
interview problems. There was a clear difference in the usage of heur-
istics between the II-A and the II-B experimental groups. _A more
detailed reporting of results, particularly qualitative results, will
be included in the presentation of the paper.

Since this study was exploratory, definitive conclusions cannot °
be provided. The goal was-to generate hypotheses based on the observed
.results and the theoretical rationale of the study. The generated -
hypotheses were as’, follows: )

1. Modification of Polya's ﬁeuristics can be effectively incor-
porated into the problem solving experience of fourth grade

= students in the sense that the children (a) are capable of
using the heuristics when attempting to solve problems not
éncountered before and (b) will be more successful in solving

o the problems attempted ) - ) R

2. There is a relationship between cognitive levels II-A and

"II-B and mathematical 'achievement at the fourth grade.

3. Ina probfem solving situation where multiplication is
appropriate, II-A children use additive procedures and
., II-B children use multiplicative as well as additive pro-
cedures. .

~

4. Some proportionality problems can be solved by concrete oper-
ational children if thej,learn to use proper heuristics.

5. .Some'combinationalaproﬁlems c¢an be solved by concrete opera-
tional children if they learn to use appropriate heuristics.

6. There are differences in the interpretation of certain heur-
. 1istics by fourth graders.

/ )
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.The Effects of Three Key Organizers on Mathematical Problem
Solving Success with Sixth,, Seventh and Eighth
I Grade Learners

" Kenneth E. V&sf ' 3
College of Saint Catherine

¥,
Purpose . oo -

Problem solving ability as demonstrated by a learner has been fre-
<quently cited as an essential goal of secondary and elementary school

mathematics education. ' Nevertheless the major emphasis of the role of

problems in a mathematics curriculum has been- relegated to what are
only referred to as word or verbal problems and translating these

jnto number sentences. Also, activities exhibited by the’'learner in
solving mathematical’ problems frequently focused on the narrow range
of possible answers and not on the possible means or methods of solv~
ing these problems. Recent research seems to support the hypothesis
that specific instruction in éertain problem solving behaviors or
,activities can enhance probleﬂ‘solv1ng success. These behaviors can
‘be-described as organizers*of information that facilitate perceptlve
conjectures and provide an orientation and focus for the learner.
Organizers can be considered prerequisite abilities for certain
heuristic techniques that have been shown to be effective in solving
problems. .

A partial 1ist of organizers that embddy some potential for
increasing success in problem solvi given below. This 1list will
be identified as. key organizers since they possess the greatest pdten-
tial for bpening the blockedlgoal to. the solution of the problem.

>

The key organizers are the following: '

.© Choosing appropriate notation to represent information.
. Identifying the available, explicitly stated information.
Recall of related, implicitly stated information.
Constructing a chart or table. .
Drawing a diagram or picture. ’
Constructing and/or using a physical\model
Approximating and verifying.
. Making a simpler problem.
9. Using resources. ; .
10. Making an equation, 1nequality. .

(o LN B N0 NP - N ISR S 3

This study will focus on only three of the key’organizers. These
will be drawing a diagram, approximating and verifying, and construct-
ing a chart or table.

¢
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The three key organizers studied may be described as follnws:'

- Drawing a diagram.--Given a problem, a sketch is drawn of the
situation that includes many of the conditions of the problem.

Approximating and verifying.--Given a problem, a reasonable

approximation of a possible solution is made.
a verification of this approximation with the conditions stated in

the problem.

This is followed by

N

w5

'Constgucting a charti--Given a problem, a table or chart is
constructéd involving most ,of the possible conditions of the problem.

This chart could show a pat
problem,

4

Related -to the descript

concerning instruction in t

possible to instruct students in these key organizers?

tern developing from the conditions of.the

ion of the key organizers is the question
hese organizers. In other words, is it
Also, if

students learn these organizers will they employ them in problem

solving situations?’
successful problem solvers?
before instructjion?

Is there any relationship
application of these key organizers and success

Are there certain learning styles which reflect

What kéy organizers do students possess
etween effective
n problem solving?

Is there any relatiopnship between success in problem solving and

practical judgment?

The pyrpose of the'study is to determine if-the three key organi-
zers—drawing a diagram, approx;mating and verifying, constructing -~

a chart4@can be taught to s

tudents and exhibited by the students as

an effective tactic of solving problem tasks.

-

Procedure

Situation:
Grade levels:
Selection of Ss: P
Number of Ss:
Description of Ss:
Instructional topics:

Mode of instruction:

Number of presentat ions:
-Instructional sequence:

Length of Instruction:

L4

within a school organization
6th, 7th, 8th -~

random within grade level

7 for each grade level, total 21

instructional history, academic achievement

drawing a diagram, approximating and veri-
fying, constructing a chart. °

teaching experiment, student guidesheets
for each presentation.

6 presentations for each topic, total 18.
presentation of individual topics is in a

/ .

lateral movement in a cyclic manner; that is,

within-each topic the presentation is.: .@

sequenced for difficulty and the presénta-
tion for a particular topic occurs every
third situation.
14 weeks,

.

~



. Preassessment ¢

' . \ .
Assessment by teacher(s) of S's math ability. )
K <

%
5

Learning Style Inventory‘ -
Problem Solving Test I: set of three problems that could be solved
- - ) by 'involving at least one og the three qu
' . “ organizers.
R Mode: individually ‘administered; .
o written response; . Jee

talk aloud-audio record

Scoring: process code;. ,
’ product code.

Postassessment -
Practical Judgment Test 4 “
< -
L Problem Solving Decision Test \
Format: forced choicé; six, problems with the three key
organizers as choices; same problems as Problem
Solving Test II
. Mode: group administered;

oo written responses
Scoring: weighted response score.

Problem Solving Test II: set of six problems that could be solved

. by involving at 1l€ast one of the three
key organizers. -
npde: individually administered; )
. " written- responses;" L <«
' . -talk aloud-audio record : R
Jl Scoring{ process code; .
. product code, !
Results
‘ Although data analyses are incomplete at this time, preliminary .
& findings indicgte that a teaching experiment with problem solving key -

organizers carn/ increase the effectiveness of solving p¥oblems by sixth, ,
seventh and eighth grade learners. A more detailed reporting' of results
" will be possipletat the time of the presentation. T
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" Conservation of Equation, Function, and Structure and Its
Relationship to Formal Operatdonal Thinking
- - AN /
i
. Sigrid Wagner Tt
University of Georgia

¢

Purpose s . .

3 B

! The primary purpose of the research reported in this paper. was to

inyegtigate the relationship between the -ability to conserve equation,
fynction, and structure under a transformation of literal variable and
the ability .to use formal operations in solving typical Piagetian tasks.

-

1
.

Conceptual Framework .

\

A Batﬁefn is a relationship among two or more elements which\is
invariant under certain transformations of at least one element.- A
geometric pattern, for instance, is invariant under certain transfor-
mations of the objects, materials, or colors which comprise the pattern.
A musical pattern, or melody, is invariant.under transposition to
another key. A behavior pattern may be repeated either)by the same
person under different circumstances or by different pegple under the
same circumstances. Abstract mathematical structures,/such as groups
or fields, are patterns which arke invariant under certain transforma-
tions of elements, operations, or variables. '

— ‘ o,

To exemplify a pattern, it is ﬁnecessary to select particular
elements related according to the pattern. To define a pattern, dn the
other hand, it is necessary to represent individually, yet simultaneously,
all elements which might comprise. the pattern. The symbols used to
represent these various elements individually and simultaneously are

- variables, as used in mathematics. Because a.pattern depends only upon
the relationship common to all of its exemplars, and not upon the symbols
used to define it, any pattern is invariant tnder a transférmation of
the variables used fin defining it. X Ce e

The algebraic pgtterns of equation and function are among the first
patterns which students typically see defined mathematically using varia-
bles. - Although equations and functions, like 2ll other patterns, are
invariant under transformations of variable, this fact may not be imme-
diately clear to students. encountering the use of variables for the
first-time. 'Because the symbols most often .used as variables in

mathematics are lettérs* of the alphabet, students may at first tend to
associate the alphabetical order of letters with the numérical order of
the numbers represented by the letters used as variables., It is only
when the student realizés that letters in the context of algebra are
completely arbitrary and interchangeable symbols that the student may
fully comprehend the concepts of equation and function. T

'

v
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Similarfy, students first epcountering mathematical definitions
of abstract structures cannot.appreciate the essence of a structure
cuntil they realize that the structure pattern is invariant under
- transformations, not just of variables, but also of elements and
operations. - ,."
¢ .

Just as Piaget has used comservation tasks to measSure children's
understanding of certain-concepts, one way of measuring a student's
understanding of equation, function, pr structure is to test the
student's ability to conserve equation, function, or ‘structure under
changes of variable and other appropriate transformations. The methods
used. to test for conservation of pattern in this research are compati-'
ble with the techniques used by Piaget and others ‘and may,  therefore,
eventually lead to an extension of Piaget's model of cognitive develop-
ment into the realm of‘ highty abstract mathematicai~th1nking

4

[y

Procedure >

The research reported herein includes the results o¥ two separate
studies, one already completed and one to be completed in the near
future. Tasks’were devised to test for conservation of equation, func-
tion, and structure. Other tasks involv1ng concepts such as proportion,
syllogism, and Cartesian product were designed to be similar to those
used by Piaget and others to identify formal operational thinking.

In the first study, six tasks were -administered in 1ndiv1dual
‘gnterviews to 72 New York City public-school students, 12 boys and 12
.girls at each of three age levels: 12,.14 and 17 years of age. The
order of the tasks wag 'varied to control for practice effects among*
the Piagetian tasks and learning effects among the’ conservation tasks.
All interviews were conducted by the investigator and were audio-tape-
recorded. In additiom, written notes were| made on each student's
responges to the tasks. The responses wene then classified and scored
from the written protocol according to criteria consistent with Piaget's
theory of development.

.
\

The secqnd study is an extension the first to include college
students with a variety of mathematic backgrounds and tasks which
may require a higher level of mathematical sophistication than some

of' those used in the first study, -

v &

Results ’

‘
o

Using a chi-squdre goodness-of-fit test, it wds found in the first
study that (a) significantly (p <.0l) more students conserved equation
but not function than conversely; (b) significantly (p <.001) more
students conserved equation but were not formal operational on the
proportion task than conversely; {c) significantly (p <.001) more
students conserved equation but were not formal operational on the
syllogism task than conversely; (dY significantly (p<.0l) more students
-conserved function but were not formal operational on the proportion
task than conversely; (e) significantly (p <.001) more students were

S
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formal operational on the combinaéions task but ;li
than conversely. )

x @

¢

1

d not conserve function

In addition, it wds noted that nearly 50, percent. of the 12-year-
olds and about 83 percent of the l4-year-olds in this study.conserved -
equation, whereas about 20 percent of the 12-year-olds ahq 50 percent
of the l4-year-olds conserved function. The performange of the l7-xyear
olds was similar to that of the l4-year-olds in this study.

Data‘analysis for the second study has not' been comﬁiéted. .

-

- e

.

¢

Conclusions

The results o
equation may be ac

é

»”

&

this research suggest that;the ébility to consexvé’
uired, in general, prior to°the ability to conserve

function and prior to the, onset of formal operational thought as

presently defined.

Further studies may clarify the relationship®

between formal thought and the ability to conserve function and
structure under various types of transformations.

The results of this research clearly show that it is not necessary
for a student to have formal training in algebra.in order to conserve
equation.and-function. Moreover, the responses to the conservation °
tasks indicate that students who do not conserye equation and/or func-

"tion may indeed associate alphabetical order with numerical order when

they first encounter letters used as yariablggf Teachers who are aware

of this tendency may be able to disﬁelgsom £onfusion by emphasizing °*

that letters used as variables are completely arbitrary and inte¥change- ~ -«
able symbols, that, alphabetic order is iFrelevant in the q?ntgxt of " -,

-algebra. S . .

-
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The Ability of First, Third, and Fifth Grade Children

- D N L. . to Perform Rigid Transformation Tasks -

. Karen A. Schultz
. Georgia State University

- Purpose
_ ' The purpose of this study was to investigate the ability of first,
e third, and fifth graders to perform rigid transformation tasks., The

tasks required the child to reassemble parts of a meaningful configu-
ration showing what the configuration would look like if it were
displaced by translations, reflections, and rotatiogs.

Conceptual Framework

The conceptual framework for this study has been &éveloped in
large part through involvement in the Space and Gepometry Working
Group of the Georgia'Center for the Study of Learning and Teaching
Mathematics. In particular, it was influenced by Lesh (1977) and
the research of the other Working Group members scheduled to appear’

. Spring 1978 as a monograph published through the ERIC Information ’
. Center. .

. * .
A

An earlier investigation (Schultz,”l973) found that an intuitive
understanding of- transformations was already present in the elementary
school child's thinking. This investigation also obtained criteria
for predicting re%ative difficulty of transformation tas%s. e pre-
sent study attempted to further analyze the child's thinkipg o
translations, reflections and rotations. In particular, it repre-
sents a continuing study of the figurative and operative aspects of
concrete manipulative materials and activities for transformation
geometry in the elementary school classroom. It is important to
have a theoretical base for the use of materials and accompanying
activities in any area of mathematics learning, especially when the
development of spatial skills is involved. It°is through these skills
that complex mental structures are formed so as to facilitate the
process of abstracting. _ :

2

/

The present study asked the following questions:- (1) are there
differences in children's understandings among the three transforma-
tions? (2) does the direction of the displacement effect the child'
performance? (3) what strategies are used to solve the transformati
tasks? (4) does the child's ability to perform the tasks rxetdte to
mathematics achievement as determined by standardized tests? (5)
is there a difference in performance between boys and girls on the

tasks? . : .

o
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rocedure )
The experimenter individually interviewed 120 st?dents in a

suburban Atlanta, Georgia, elementary school. There were 40 first -
graders, 40 third graders, and 40 fifth graders with 20 boys and 20
girls in each grade. ‘The subjects were each given five translationms,
five reflections, and five rotations displacing a configuration in
each of five different directions. The distance of each displace-
ment was four cm. ‘ 3

R The subject was first shown a sailboat made of two flat wooden
pleces diffiering from each other in shape and color. Thié sailboat .
configuration was glued on an eight cm square sheet of clear plexi-
glass and then covered by another similar sheet. , The experimenter
moved the top sheet as a translation, reflection, or rotation. The
subject was then asked to place two wooden p1ec2&liké the othetrs on
the displaced sheet of plexiglass to show what ‘the configuration would
look like if it were moved in like manner. ‘ ¥

%

Analysis pu

The subject's placement of the wooden pieceéforheach of the 15
tasks was recorded by an observer. Each task response was then
evaluated using a scale of zero to four according to the location and
position of the shapes. A score of four indicated that both pieces
of the sailboat were in the correct location and orientation on the
plexiglass sheet.

The data were analyzed using an analysis of variance with
repeated measures. Variables considered were grade, sex, isometry
(slide, flip, and turn), and direction of isometry. Significantly”
mdre first grade boys were able to perform the tasks than first
grade girls. No other sex differences were found. A signifjcant
isometry by direction interaction indicated that children had copn-
siderable difficulty with diagonal flips. Slide subscores did not
differ across grages, but flip and turn-subséores did differ.-

’ -~

A
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An Examination of Student Pérceptions. of Relatedness Among _
Mathematical Word Problems .

s

! "Edward A. Silver . -
. Northern Illinois University _

Purpose
The purposes of this study were (1) to mine the problem similar-
ity dimensions perceived by a student when c assifying mathematical word
problems as related, apd (2) to examine the relationship between a
studeént's perceptions of problem similarity and his performance on a
Variety of individual difference measures. “

LT o /s

Conceptual Framework . . ,

&

N
In his classic treatise on mathematical problem solv1ng, How to

,wSolve It, Polya (l957) has suggested a series of heuristic precepts that

may be useful in the solution of a mathematical problem.  For example,
Polya has suggested that’ when one is devising a plan for- iolving a pro-
blem, it is often useful to thlnk of a "related" problem. '

4\
>,

"It s reasonable to assume that many mathemafics teachers suggest
thig advice to their students. But how do students interpret the word
"related"? If they consider "related" problems when it is suggesteq,
are the problems related in a mathematically useful way’ , . '

" . [

The answers to these questions may be fundamental to an understand—
ing of, the psychological implications of Polya's logical suggestion
‘In fact,. the answers may help to prov1de increased understanding of
the modes of information prooes51ng that are helpful in mathematical
problem solving. - C
" Research evidence related to students"perceptlons df problem \
relatedness is scafce. Krutetskii (1976) discerned both "qualitative
and quantitative differences betwden the memories of good problem

' solvers and the memories of poor.ptoblem solvers, "Spécifically, he
found that goodgproblem solvers tend-to recall the structure.of a’
problem for a long time, whereas pQor problem solvers- tend to. remember,'
if anythingqat all, the details of’thé problem statement. His research
has pointed to differences in the. way good and poor problem solvers

perceive the important aspects of-a‘preblem. . . R “
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The prid%ipal technique used to examine students' perceptions of
problem similarity wis- ‘a-tard-sorting tdsk (CST). The CST problems

* were written so that they varied systematically along two problem

simiiarity dimeﬁsions—-mathematical structure and contextual details.
Students formed' groups of problems that they thought were "mathemati-
cally related" and- expldined their basis for categorizing them. :

= N
. ‘

Thé CST was administered to 98 eighth grade students on two occa-
sions: Once before and once‘after they attempted to solve the
problems In the time between :the two sorts, 'each student- attempted
’to solve eac problem. Students were also assessed using measures o T
: of verbal IQ nonverbal IQ,-mathematics concepts- knowledge, oomputam
tional ability, and problem-solv1ng ability . - ‘

-
» r

N\
* s

v, : ' . g /‘ <
Results , o ‘ . .

i
5

-~  Analyses of students' criteria for categories formed in the CST
indicated that they were aSsociating ptoblems along four problem
sipilarity dimensions. The structure and context dimensions werg -
evident in their sorts, and two new dimensions vere identified—-queSr
tion form and problem pseudostructure. Many students appeared to
associate problems on the basis of the quantity meastred in the

. problem, such as. age, time, or weight. This latter characteristic R

' structure was. significantly poS:tively correlated with all ability ’ v
. variables. The tendency to so

of problems was called pseudostructure since it often takes on the
appearance of the mathematical structure dimension.

The tendency to sort problems according to their mathematical ) ,

problems atcording to their con-
textdal details;was negatively correlated with all ability variables.

The significant relationship (r * .45; p<.001) between a student’s

;problem-soiving ability and his tendency td associate problems on the - b

b#8is bf structure was analyzed using partial correlations. ‘When the
effects of verbal* IQ, nonverbal lQ, mathematics- concépts knowledge,
and mathematics computation abilityg were °simultaneously controlied,
the relationship remained significant (f = .28; p <.0l. LY

u .
1~ [N

i ‘. ! ‘e ¢ ‘\ N 'y
’ - LI . ./

2

Co 5 © Second Phase '* . . .

-9 . ’
Procedure . s - .
. , . .

. aInterpretation of certain results, of the first phase was, difficult
since the question and pseudostructure dfmensions overlapped with the
.structure and context dimensions ‘within che CST. 1In the second phase,

*a ? ?, 2 .
¥ . ~
- ¥ s -
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some of the CST problems were rewritten so thaf, the set of revised
problems varied systematically along,all four dimensions and contdined
little dimensional overlap. .The revigsed set of problems was used with
58 eighth grade students who had not participated in the first phasé of
the study. The revised CST task was administered using the same pro-
cedures as in the first phase. Data related to students' IQ, concepts
knowledge, and computational ability were ‘also obtained.

" .

Results ) ' . ’ '. ‘

The significant positdve relationship, noted in the first phase,
betweén 3 student's mathematical ability and his tendency to associate
problems on the basis of mathematical structure was supported by the .
results of the second phase. Also supported was the negative relation-
ship between the mathematical ability variables and tendency to asso-. -
clate problems according to context. ’

The tendency to associate problems on the basis of their pseudo-
structure appeared to be unrelated to mathematical ability; in fact, i
students who were classified as high in nonverbal IQ, concepts, know-
ledge, or problem-solving ability actually had more ‘pseudostructure
associations before solution of the, problems than students who were
classified as low for the variables. On the other hand, the tendency
to associlate according to question form was negatively correlated with
all ability variables. ! -

As in the first phase, the significant positive ‘correlation (x =
.69; p <.001) between ‘problem-splving ability and the tendency to
associate problems on the basis of structure remained significant
(r = .30; p <.01) even when the effects of the four general ability
variables were simultaneously controlled. '

. ’

.
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‘The Effect of Problem Structure -and Cognitive Level on the
Processes Students Use to Solve Verbal Algebra Problems

a

Harold C. Days
Fort Valley State College

Y

Puréose

The purpose. of this study was twofold: first, the study compared
the processes used by concrete-~ and formal-operational students to sélve
problems defined as having either simple or complex ‘structures. Second- ..
ly, the study attempted to determine if the problems defined as havin
complex structures were more d1fficult than those defined as having
simple structures.

A widely held gJ/l of mathematics tying is the development of
studentaﬁ ability to solve verbal proble Knowledge of the processes
and strategies used by students to solve various types of verbal problems

., may provide teachers with information for improving instruction in mathe-

matical ‘problem solving. Additionally, knowledge of some of the
relationships which exist between task variables, subject variables, and
problem-solving performance could aid in determining how problems should
be sequenced in instruction and in our textbooks.

<

Conceptual Framework

Several researchers (Dalton, 1974; Flaherty, 1975; Grady, 1975;
Hollander, 1974; Kantowski, 1975; Kilpatrick, 1967, Webb, 1975) used
the Think Aloud Techniqué to identify and study the problem-solving )
processes used by mathematical problem solvers. These researchexs iden- .
tified a fairly long list of processes, as being. frequently used by /
mathematical problem solvers. Research also guggests that certain
subject vatiables may affect the amount of success subjects will hayve
when USing a*given process. For example, junior high students“tend to.
be more successful at problem solving when using trial-and-grror and //f i

less successful when attempting to use equations (Kilpatrick, 1967),

and high school algebra students tend to be more successful at problem
solving when they use equations an less successful when using trial-‘
and-error (Webb, 1975). .

Y

/ :

Tyszkowa (1973) obtainéd results ‘which suggest that the processes
students use to solve problems at one level of difficulty may be ., i
entirely different from those used to solve problems at another level [/7’
.of difficulty. Research (Barnett, 1974; Ingle, 1975; Jerman, 1970,

1972; Suppes, Loftus & Jerman, 1967) has shown that certain ‘structural:
variables are good predictors of problem difficulty. Thus, -one -could




» Ik
conclude that structural variables are probabl§ good predictors of
process-use also. If the use of certain processes depends on charac-
teristics of the task, then th2z processes which are most useful on a
given type of problem should be identified.

Piaget .and Inhelder (1969) described four stages of cognitive
develqpment in children. The last two of these stages are concrete
operatijons and formal operations. According to Piaget's Theory, N
subjects in the ‘formal operational stage can perform certain reason-
ing processes which cannot be performed by concrete subjects. Thus,
formal-operational individuals should have a larger repert01re of
problem—solving processes than concrete subjects.

? Grady (1975) found that students classified as formal-operational
used significantly more means—end heuristics (pictures, diagrams, equa-
tions) while solving verbal algebra problems tham those classified as
concrete operational. Thus, learner characteristics such as cognitive
level, age, or mathematical experience may affect the processes sub-
Jects use to solve verbal problems. Additionally, there may be an
interaction between subject variables, task variables, and process use.

-

Procedure

3

Two eighth grade general mathematics classes were randomly seiected

/

test was administered to each class to classify potential subjects as
concrete operational or formal operational. After’students in a given

from each of three junior high schools. A modiﬁiﬁi'version of Longeot's"

":8chool had been classified, ten subjects were randomly selected from

the concrete group and ten from"the formal group, Each of these 60
subjects were scheduled for a two-hour interview,

In the interview, students were asked to solve ten world problems
while "thinking aloud." Two of these problems served as practice pro-~
blems and eight as experimental problems. Four of the experimental
problems were defined as having simple structures and four were defined
as having complex structures. A mathematical model of a given problem
was used to define it as having a simple or complex structure. The
interviews were audio~tape recorded and a written record was kept of
what was being said or done. The protocols obtained in the interviews
were used to determine the processes ‘or strategies the students used
to solve the given problems. N

Each _subject was given two scores for each variable, One score
was based on his performance on the simple structured problems and the
other on his pérformance on the complex structured problems. Some of
the dependent variables were: range, process, strategy, understanding,
representational,”and evaluation scores. The range score was defined
as the number of different processes used to solve each group "of pro-
blems. The process and strategy scores were defined as the .number of r
problems on which the process or strategy was used. The understanding,. ’

.representational, and evaluation scores were obtained by summing the

process 'scores which fell under the given category, g

ﬂ. . . 57 o \» T ’




Analysis i ’ - 3

A 2(cognitive level) x 2(problem structure) factorial design with
repeated measures on problem structure was-the experimental design -
employed in this- study. Analysis of variance and Wilson's two-way
analysis of variance based on medians were used ‘to analyze the data.

i

Results

Analysis of the range score reveglgdffhat formal subjects uséd a
larger variety of problem-solving prbcesses than concrete subjects,

and both groups used a larger variety of process

jé on the complex

problems (p< .001),

.structured probléms than on the simple structure

(%4

v

In general, understanding, representational, deduction, and eval-
uation processes were used more frequently on the complex-structured
prob¥ems than on the simple structured problems, c.

The understanding, representational, and recall scores of concrete
and formal subjects did not differ significantly, but formal sybjects
had significantly higher deduction (complex) and evaluation (complex)
scores than concrete subjects (p<.0l). The use of certain gvaluation
and deduction processes on the complex structured problem y have
required formal operations whereas their use on the simple structured
problems did not. This would explaln'why the deduction {nd evaluatigg_
scores of the two groups differed on the complex ‘'structuted problems
but not on the simple structured problems.

Y

As expected, formal SubJeCtS used systematic trial-and-error on
more problems than concrete subjects.

Finally, problem structure did not have as much effect on problem

" difficulty in-the concrete group as it did in the formal group., Addi-

tional results, conclusfons, and implications will be presented."

A
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The Interaction of Field-Dependence-Independence and
the Level of Guidance of Mathematics Instruction

°

> . Verna M. Adams
- San Diego State University
\ . . Douglas B. McLeod - . .
San Diego State University -

Purpose

Attempts to individualize instruction have traditionally involved
varying the rate of instruction and relatively little attention has
been given tG\adapting the method of instruction to studeirt character-
istics. Cronbach (1957) recommended that researchers try to find
aptitudes which interact with variations in instructional treatments
and to,design instructional treatments to fit particular aptitudes of
groups of students.

.The search for ways of adapting instructional treatments to indi-
vidual differences, known as .aptitude-treatment-interaction (ATI)
studies, has in general been unsuccessful. For reviews, see Berliner

’ and,Cahen (1973), Cronbach (19%5), and Cronbach and Snow (1977). How-
,ever, there have been recent successes in finding ATI's in’ mathematics

education (Carpenter, McLeon & Skvarcius, 1976; McLeon & Adams, 1977;
McLeod & Briggs, 1977) that have used cognitive style as an:aptitude
variable. The present study attempted to design two treatments tailored
to fit the cognitive style of field-dependence-independence dggﬁtosearch
for other interactions. \ ’ . :
Field depenaence—independence is a cognitive style thought ty’ﬁave
implications for educational issues (Witkin, Moore, Goodenough & Cox,
1977). 1Individual differefices in field- -dependence-independence are
identified on a continuum determined by the extent a person perceives
analytically. Students who are relatively field-dependent find it
diffitult to solve problems which depend on the ability to take a
critical element out of context and restructure the problem in order
to use that element in a different context. Field-independent students
are likely to restructure a situation in order to solve a problem ST to
impose structure on material when structure is lacking. Another aspect
of field-dependence-independence which may be important in developiqg
instructional materials is cue sampling behavior. The effect of cue®

’salience is greater for field-dependent than field-independent students.

Field-dependent students also favor more of a spectator approach to
learning than field-independent students.

59 59 nj;.*,; .




<

d(/A significant disotdinal interaction between field-dependence-
independence and the level of guidance in mathematics instruction was
found by Carpenter, McLeod and Skvarcius (1975) and-later by McLeod
and Adams (1977). 1In view of these findings, the purpose of this
study was to investigate furtupr the interactions between 1evels of
guidance and field-dependence-independence. . .

Procedure

b4 <,
- -5

Two inductive treatments were developed, one being a compensatory
treatment (Salomon, 1971) ,for field-dependent stydents and the other,
a preferential treatment for field-independent students. In the com-
pensatory treatment, called the high-guidance group’, organization was
provided for the student through the use of partiallyrcompleted tables
and rules, and underlinfng of key words. This tréatment was typed
using double spacing. " In the second treatment, called the low-guidance
group, students were expected to make their own tables and discover
rules on theéir own. This treatment was typed Jsing single spacing. .
Both of the treatments presented the same content on networks, used the
same problems, and provided about the same amount of practice. , The low-
guidance materials acfively involved the student by including short
questions in the materials., These questions were excluded from the
high-guidance materials, where studéi—é were given the same information
in an expository fashion. i

- &8

Subjects were 97 students from four sections of a class for pros-
pective elementary school teachers. .Within each section, students were.
randomly assigned to the two groups. Of the 97 students, 51 were “in
the low-guidance group and 46 were in the high-gnidance group., The two
instructors for the f ur ections participated in the study and were
randomly assigned to groups so that each had two low-guidance grpups
and twoshigh-guidance groups. 1In each case, the 1ow-guidante group
remained in the ‘regular classroom and the high-guidance group moved to
another room. o

On the second day of regulgr class, a pretest was administefred to
determine whether or not studerts had mastered materials covéred in the
first semester of this two-semester course. This was used as an apti-
tude variable along with the meas@rement for.field- dependence-
independence. Two regular 75-minute class periods were”used by the
students to complete the treatments and to take an achievement posttest
immediately following complétion Qf the treatments, The posttest con-
sisted of three subsections desiéned to measure achievement at three
levels: comprehension, applications and analysis. The posttest was
administered again five weéks later to measure retention. ® The Group
"Embedded Figures Test, a measure of field-dependence-independence
(Witkin, Oltman, Raskin & Karp, 1971), was also administered at that

time. » \/ . -
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Results L , , ,
. L ST
The data were analyzed using multiple regression procedures-
(Karlinger & Pedhazur, 1973). There was a significant.interaction
between the pretest scores and the level of guidance of the treat-
“ments for the retention test, but no other significant ‘interactions
were found. On the immediate posttest, .the high-gu1dance group

scored significantly better than the low-guidance group.

.
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Degrees of Teacher Vaguenessiand Pupil Participation as They
- Relate to Student Learning of Mathematical Concepts
and Generalizations

d

Lyle R. Smith
Augusta-College

Purpose ’ ] ) ’ .

Numerous studies have investigated the’ relationships between various

teacher behaviors and student achievement. Many of the studies, however,
have been descriptive rather than experimental in nature. TFor example,

.Hillet, Fisher and Kaess (1969) and Smith (1977) found negative correla-

tions between the frequency of teacher vagueness terms and student

-~ achievement. Shuster and Pigge (1965), Scandura and Behr (1966), Zahn
(1966), and Robitaille (1975) reported-that mathematics teachers were
more effective when they allowed their students to participate actively
in developmental activities rather than to engage solely in passive
intake of information. .

The present research was designed to extend the results of these
prior studies by expérlmentally iﬁvestlgatlng the jéint effects of
different degrees of teacher vagueness and student participation on
the learning of mathematical concepts. . ¢

PRCERN \d

' Procedure ’ . ' °

. % e

Subjects for this study were 204 students enrolléd in introductory
psychology and sociology courses at Augusta College. Each student was
randomly “assigned to one of six groups (n= 34 each) defined by the possi- .
ble combinations of three vagueness conditions (no vagueness, moderate
vagueness, high vagueness) and two student activity conditions (passive
learning, active learning).

Each of the six groups was shown a 20-minute videotaped mathematics
lesson on sums of consecutive possible integers (SCPI's). The same gon-
cepts, generalizations, and processes discussed by Prie} PP and Kuenzi
(1975) were presented in each lesson. None of the studeats had prior
knowledge of SCPI's. The lessons were videotaped so that the teacher's -
presentation was read from a script while the camera focused on corres-
ponding definitions, examples, and applications that were shown on’
transparencies with an overhead projector. For each lesson, the same
person read the script and the same-sequence of concepts, generaliza-
tions, and examples was presented. Each of the six lessons represented .

a different combination of teacher vagueness and degree of student .
participation‘ Each lesson was viewed on a television monitor. Student )
comprehension of the lessons was—diferained by administering a test

focusing on the content of the lessons. E

"

& \ .
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Two of the lessons contained a high degree of teacher vagueness
terms (144 per lesson), two of the lessons contained a moderate degree .
of teacher vagueness terms (72 per lesson), and twq lessons contained
.no teacher vagueness terms, *The vagueness terms were obtained from
vagueness categgrleségefined by Hiller, et al 21. (1969). — _

In three of the lessons the students were“first_shownﬁexamples of
how tq identify SCPI's and write numbers as SCPI's and then the stu-
dents were required to work similar examples 1ndividua11y After the
students were given- time to work the problems 1ndividually, they were
informed on the videotaped lesson concerning the correct way to work
the probléms. These three lessons were defined as "pupil active
-participation'” lessons.

The remainipg three lessons were defined as "pupil passive intake"
lessons. The same procedure was used in these lessons as in the pupil
active participation lessons, except that students)were not given the
opportunit& to work problems }ndividually. Instead, a detailed analy-
sis of each problem and its solution was presented*

~

Results

. . \ v

A 2 (pupil active participation vs. pupil passive intake) x 3 (high
.vagueness vs. moderate vagueness vs. no vagueness) analysis of variance
was performed on the student achievement scores. The mean achievement
scores for the six experimental conditions are presented in Table 1.,
Table 2 indicates that neither the pain effect due to degree of pupil
parg}cipation nor the interaction between vagueness and pupil partici-
pation-was significant. The vagueness majn effect was significant,
F(2, 198) = 3.66, P <.05. The Tukey (b) tests revealed a significant
difference (p< .05) between the high vagueness "groups and the no vague-
ness groups.

3

Table 1. Group Mean‘Scores

~

High Moderate ., No
Vagueness Vagueness Vagueness

' °

Active N = 34 N = 34 N = 34
Participation X =8.765 [ . x = 9.41% x =11.029

. Passive 34 N = 34 N =34
.Intake . : 8.647 x = 9.559 X

]




‘ importance, particularly for collézf students. [ -

Table 2. Results of the Analysis

Factor df - SS<:\\\ MS F
Vagleness () ' . |g§ 2. . 90.66 | " 45.33 3.466%
Degree of Pupil _ | | .

Participation (B) 1 10.37 ‘ 10.37 1
Ax B ' 2 22.71 11.36 1
Error . 198 2589.24° 13.08. 3 ¢
*p <.05 ) , T : 3
C ey T :
Conc%usions i N

“

The'findings‘of=this_study fail to support the conclusions made in

‘prior stﬂdies that the degree of student participatién significantly

influenced achievement. One ‘possible reason for this result is that

many studies concerning pupil participation ha¥e involved elementary :
school or high school students rather than college students. It may Be
that most college’students have become accustomed to playing a passive
rble during lesson presentations and thus do not improve significantly, «
at least at first, if they are allowed to take a more active parqﬁin
learning. -A second possible reason for this finding is that there is

.'no guarantée that students aré?really %pas;ive“ learners when they are

not encouraged to work problems during a lggson. LiKewise, students
are not necessarily "active' learners when they do try to work problem
during a lesson. - Each student may ﬁrocess informatioq in his own way
and the format for reinforcement of this process may be of secondary

%
.

he findings of this'study sudport the conclusions of Hiller et al.

. (96%) and Smith <(1977) that the frequency of vagueness .terms negatively

dnfl nces achievement: The present study reveals that a high degree
of;vagueness per se affects ach?evement, whereas ‘the sqtdies of Hiller,
et al. and‘Smith were not ab&g to determine this relatibnship because
they did not control ,variablés ‘correlated with vagueness. TFor example,
Smith (1477) reported a positive correlation between ‘the frequency\of
teacher vaguengss terms per lesson and the number of irrelevant examples

- the teacher presented per lesson. Also, Smith reported a négative

correlation between the frequency of.teacher vagueness terms per lesson
and the ﬁ:g%ee to whith the teacher met lesson objectives in his presen-
tation. To summarize, whén sxudgnt acﬁkgyemenﬁ is based on short-term
learning of specific subject matfer, there appears to be a negative

"relationsghip béetween the frequency of teacher vagueness terms and the

degree to which the teacher has prepared and-organized his lesson.

£
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As previously mentioned, i

S . .
n the present study such factors as organi-

zation of the lesson, the substantive content of the lesson, and the

frequency and sequencing of examples were held constant. Thus, it i
may be that a high frequency of teacher vagueness terins. causes pupils
to perceive the teacher as being disorganized regardless of the con-

tent and the examples the teacher presents. '

Futuré research on teacher vagueness should focus—on-the-retation<
ship between vagueness and other variables that seem.to be related to
teacher competence. Further, studies of teacher vagueness terms have
focused on students' short-term learning of specific subject matter and
have involved the teacher's use of direct orgdeductive methods of
presentation rather than the use of indirect or inductive teaching .
styles. Future research should investigate the role of teacher vague-
ness terms in settings where long-term learning, pupil inquiry and
discovery or "learning how to learn" are goals.

-
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Purpose

LTI

’ g ¢
i

. '
+

A recurr1ng themé‘throughout arVast majority of the literature
written on eﬁucatlop zn the lasﬁ ten years has been the need to 1nd1—'
v1dua11zeaeducation’to ‘meet the needs of the students at all levels of
¢ducation’ (Cronbach andenow,‘l96 " Bloom, Hastings and Madaus, 1971;
Glaser, 1é72 Coqp and Sigel, 1971) In fact, "1nd1v1dua11zatlon",has
become an educatlonag slogan for many, schools and numerous curricular

materlals,vcﬂowever, few of these programs ‘have éxamined carefully
"the inter-individual vaglablllty of the learners who will be exposed
-to their educational stimuli™" (Coop and Sigel, 1971, p. 152).

Thus,
research needs to be done on the many consistent individual differences
ef sﬁudents and the 1nteractlons between these dlfferences and instruc-
tlonal prodedures.

. .
v

% -

This study was¥an investigation of two instructional treatments,
inductive and deductive teaching methods.

In addition to testing the
maln effects of "these treatments, this study also examined the 1nter-
A

‘$ctlon between these treatments and the cognitive style dimension of = -
fleld—dependence—1ndependence.

The criterion measures were an overall

Yachievement .test and its subtests made up of the knowledge, appllca—
tion and analysis items.

A

L
Few areas of educatlondi research produce as many contradictory
results as do .the studies on inductive versus deductive teaching. ‘ This
- lack of consistent results may be due to the .existence of aptitude-

treatment interactions which were not hypotheslzed or systethatically
‘researched.

This study was an, 1nvestlgatlon of the possible interac-
tion of these treatments with one dimension of cognitive style.

The inductive and deductive treatments utilized 1n this study
were differentiated according to Good*s (1959) definitions of the two
methods.

Introductory material and basic definitions necessary to the
unit were the same in both treatments.

The deductlve treatment
followed a rule-example paradigm, while the 1nduct1ve treatment

followed basically an example-rule paradigm. 1Ih the 1nduct1ve treat-

men:e/follow1ng the examples, the students were encouraged, via
que

4
ons, to formulate a rule or principle of their own
°

4
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- and referred to as the transfer subtest,

The aptitude of cdﬁpitive style has gained the attention of many
researchers in recent years. One dimension @f cognitive style is F
that of field-dependence-independence, first studied by Witkin and-
his colleagues in 1954, - People may be placed along a continuum w1th s
field—dependence and field-indepénden¢e at the extrem&s on the basis
of the ease with which they perceive items as discrete from their 5
backgrounds, Field-dependent persons are characterized by a more
global, undlfferentlated approach in processing information, while,
field~independent persons process information and their surroundlngs
in a more analytic, differentiated manner (Witkin, et al., 1962). .
The Group Embedded Figures Test (GEFT] was the instrument utilized to
place the students along the f1eld-dependent-1ndependent continuum, .,
This dimension of cognitive style would appear to relate very hlghly
. to the inductive and deductive methods considered earlier.

- . -

Procedure ) . N

The sample for the study was made up of the students in two
sections of a mathematics %ontent course designed for preservice . -
elementary education teacHers. " There were 71 students in one sectio
of the course and 47 in the other. All four class standlngs from
freshmen to senior were represented in both groups.

Studies designed to investigate the outcomes of two or more-
instructional procedures can be deSigned in several ways. Often the
researcher chooses to use individual packets due to the control these
materials afford the..experiment. This researcher,'however, chose to
teach both classes, in*an effort to make the experlmental setting
resemble the classroom sltuatlon as closely as possible, Although

"individualized" materials are being used in schools today, most
instruction takes place in a classroom setting in which one teacher
controls and manages.the learning activities of a groupsof students.

+

“Thus, due to the more realistic setting a. teaching situation furnlshes, 7
‘this researcher taught a transformational geometry unit to the two
intact university classes. ‘ Y s ¥

. . L~

The criterion measure for this teaching unit was an ovenall
achievement test. The researcher developed iﬁstrumeﬂt by consult=
ing the Taxonomy of Educational Qbjectives m, et al., 1956) ‘
to write items representing the levels of 's taxonomy. Thls
compilation of ﬂosslble questions was the glven to people knowledge—

- able in mathematics and education who wevg asked to furnlshasuggestlons.
The final instrument consisted of 22 objectlve items. For purposes of
analyzing the data, these items were classified by this researcher,

in agreement with those consulted, intgq owledge,, application and
analysis items based upon Bloom's °(1956,M8971) criteria. The applica~
tion _and analysis ditems, were grouped together for the data analysis
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An analysis of variance was employed to test for the main eéffects
of the inductive and deductive teaching methods. A one-way ANOVA was
done on.each of the five criterion measures (overall achievement, know-
ledge subtest, application subtest, analysis subtest and transfer sub-
test). Differences, significant‘beyond the .05 1evé1, were found .
between the gréup means on the tfansfer and analysis subtests. Both
differences were in the direction favoring the inductive treatment.

It should be noted, however, thati these results are not independent
since the transfer subtest was“mahe up of the application and analysis
items of the overall achievement instrument. ‘These findings indicate
that the ,inductive teaching method was more effective than the deduc-
tive method in producing transfer,of the student's knowledge to new
situations where the student is r Fuired to discover a new relation-
ship. )

Linear regression analysis was utilized in testing for € exis-
ténce of possible aptitude-treatmept interactions between!field-
dependence-independence and the inﬁtructional procedures, For the
criterion measures’ of overall achieyement and transfer, the data-
indicated strong support (.05<p<.1} for such ATI's. For both
criterion measures; the lines intergpcted within the range of scores .
for the GEFT. In each case, the point along the X-scale was computed
below which the treatments were significantly differenty When overall
achievement was the criterion measure, it was found that all indivi-
duals having GEFT scores of five or below out of a possible 18 performed
better if they were taught by the inductive method. For other indivi-
.duals, the choice of method (inductive or deductive) did not result
in a difference in achievement. When the transfer subtest was the
criteriog,measurep further analysis of the data indicated that all
individuals having a GEFT score of nine or below performed better if
they. were taught by the inductive method, For other individuals, the
choice of method did not result in a difference in achievement.

°

. K

Conclusions .

A number of conclusions can be drawn from the results of this
study. The inductive teaching method appeared to.be more effective
than the deductive method in producing transfer. ° This result is
especially importantJ due to the lack of experimental evidence
supporting either imstructional method (Hermann, 1969), 1In the
inductive treatment used in this studf{ the students spent most of
the class time working probienis and discussing the results. The
statement of rules and principles was absent and knowledge level
understanding was-riot stressed. . The activity in class (i.e,, working‘
unusSual problems) was .very similar to solving transfer-type problems.
Students in the inductive class had experience solving problems. in an
unfamiliar setting, while the students in the deduct&ve class did not
have this experience. The students in the deducdtive treatment were
accustomed(to being given all the necessary stepg and'xelationships

S 69,
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prior to wufking the problems. Having to "solve unusual. ﬁfoblems in,
unfamiliar settings was a hew, experience for thep and may. have
affected their achievement on the transfer subtest .

In this sfﬁdy, when a student's GEFT score was utilized it was
possible to provide.the optimum learning situation for him. . The
.field-dependent students achieved optimally on the overall achieve-
ment .test when taught by the inductive method. Also, the data
‘analysis indicated that the field -dependent students achieved ot
optimally on items dealing with transfer of learning to new situa-
tions if taught inductively.

These findings - are important due to the lack of experimental
results indicating the existence of ATI's in education (Bracht, 1970). :
These interactions sSupport the conjecture that how a person perceives . :'
- his’surroundings dpes affect how he learns under inductive .and
deduttive teaching methods. It imust be'remembered that this is . -
true only when the measures .of success were overall achievement °

and the transfer of learning to new situations. . -
C
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An Assessment of the Processes Used By Community‘College -
Students in Mathematical Problem Solving

~

‘Beverly Gimmestad
Metropolitan State College

Purpose 4 ‘ L

o Classroom efforts to develop the problem—solving ability of Commun-

ity College students have focused primarily on increasing the number of
mathematical concepts students know., There is mounting evidence, how-
“ever, that another factor—the ability to use problem—solving processes
—1s related to success in mathematical problem solving. Hav1ng taught
mathematics at the Community College level for four years, T was per-
sonally distressed when a review of the literature i 1975 yielded no
information on the problem-solving processes of Community College
students. With no such information available, it was impossible for me
to dedign an effective instructional unit on problem-solving processes
for these students.

., In 1976 I conducted an exploratory study of the processes. dsed by
Communi ty College students in mathematical problem solving. The primary
purpose was .to reveal the processes used by these students in mathemati-
cal probIem solving and to discover ways in which the processes might be
improved and extended in the classroom. After comparing the student:
characteristics (age, réke, . sex, 1Q, etc.) of my sample to the character-
istics. of Community College students nationwide, I am convinced that the .
findings of this research study should generalize well to other urban
Community Colleges.

A

-

Procedure

Sixty students from the three campuses of the Community College of
Denver and from Arapahoe Community College were randomly selected from
the mathematics rosters to participate in one and one—halﬁ hour inter-
vieys with the researcher. During’ each interviey measures for I1qQ, .-
mathematics achievement, conceptual tempo and mathematical problem-
dolving ability were administered, = Information regarding age and sex
was also collected. Students were asked to think aloud while solving

" the eight items of a mathematicdl problem-5olving inventory developed

by the researcher. OThese sessions were taped and coded for pr&cesses.

Results #

The most popular proceskes with Community College students were
found to be deduction, trial-and-error, and equations, Sigdificant
correlations (p = OS) were found between total ‘score” on the mathematical

/ o o 71 o
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"ment and mathehatical problem—solving'ability.u L

problem—solving inventory and use of the processes of exploratory mani-
pulations_ (r = -.34), successive approximation (r = .37) and deduction’
(r = .30). Conceptual tempo, age, sex and IQ were not significantly
related to mathematical problem-solving ability, but a significant*
correlation (p .05) of .35 was found between mithematics achieve-

-

[}

. ~

Conclusions
The following recommendations were made for the improvement of -t
process use: (1) more time and greater emphasis should be placed on
teaching Community College students to ‘translate word problems into
appropriate sets of equations, and (2) in lieu.of ‘trial-and-error,
Community College Students should be -taught to use successive approxi-
mation. It was found that the number of processes used by Community
College students-could be extended by instruction in the use of ‘
successive a _g;imation, checking, analogy, specialization,: general-
ization, algorithm, reductlon—combination, and working backwards.
Future research studies investigating the relationship between the
mathematical problem-solving ability of Community College students and
IQ or mathematics achievement should include a measure of reading com-
prehension of mathematical English. E




A Description of the Difficulties Encountered°by Selected Six Year : .
Olds in the Process of Learning Numeration with Base Ten Blocks
. % :

i ' ‘
¥ Robert Madell S '
Village Community School

Linnea Weiland

.Kean College of New Jersey ‘ ’ ’

Purpose - : .

~

It was the purﬁose of -this study to begin to describe how
selected six year old children develop numeration concepts with base -
ten blocks: 1In particulary; the concern focused on the difficulties .
encountered by these children during discovery-oriented instruction.

The research was based on an approach(to learning arithmetic %
which allows children ' maximum opportunity to count to solve story
problems and then to discover short cuts to counting in the form of
arguments expressed with base t&n:blocks. Later; children are -
encouraged to use pictorial symbols for the blocks to support their,
arguments. Standard algorithms are taught only after extensive o
. ‘experience with original arguments. ’ . “
Especially in such a program, numeration concepts are prerequi--
sites f& learning arithmetic algorithms. Thus, a knowledge of
difficulties children have,Ln'the process of learning these concepts
is necessary for teachers of young children. Clin%cal interviews
with individual children were used to probe children's thinking .during n
instruction in numeration. It is believed that examination of chil- .,
dren's processes during instruction will ‘in the long run, yield more
information than an examination of the produsts‘of that instruction.

4
Procedure ’ . . 4 -

4 © »

In this study 14 sik year old children at an indepen&ent elemeﬁiary
school in Greenwich Village, New York, were interviewed six times
over a period of five months. 1In the interviews the children were - '
asked to give number names to various collections of blocks .and ) -
conversely to represent with the blocks numbers "that were hamed by -
the inte:viewer.' Also, they were asked to solvg:orally—presented . .
story problems, most of which involved additionm. Running records ’
of the actions- and speech of the children were kept. The researchers
assisted children in prescribed ways. On the basis of these records,
descriptions of the difficulties encountered were made. ) '




| digits ih a number. For example, one child who had-successfully

-, R 'Y,
. Results ; ‘
. . \\
Thirteen categories were generated to describe the numeration
difficulties encountered by the children in the instructional inter-
L Y views. Each difficulty category describes errors made by more than
one subject. -One hundred sixty-nine difficulties with numeration
were identified across all the data, and 162 of these could be placed 2
in the 13 categories. There were other difficulties encountered
by the children which related to their solution of the story problems,
but did not directly relate to numeration concepts. Some of the
numeration difficulties have been arranged in four groups -for discus-
sion here.

One group of diffjcultiesy accounting for 26 percent of the total,
includes three categoﬂées which all sSeem to reflect the problem

" young childred have in keeping track of various aspects of a given
situation at once. There were 27 times when children switched the

used the blocks to sum 35 cookies and 22 cookies reported orally 75 ~
rather than 57 as her answer.. An interesting error which occurred

11 times involved summing digits to create a new number. For

example, one child who had 2 hundreds and 1 unit (201 out in fromt

of him; he reported his answer as 203. 1In this case the child

seemed to be summing the 2 (hundreds) and the 1 (unit) to get 3

in the ones'*place. Six errors were made by children when they

neglected to report one place in their answers, for example, reporting

107 instead of 117 for' 1 hundred, 1 ten, and 7 ones.,

~ Another group of difficulties, one which ‘accounted for almost 21 per- . :

cent of the total number of errors, reflects a counting problem very

common to children of this age. They often count hundreds as tens

or ‘ones, tens as ones or hundreds, and ones as tens or hundreds., For

example, a child who had 5 tens and 1 one in front of her counted,

"i0, 20, 30, 40, 50, 60." :Another child counting 2 hundreds and 1 .

ten said "100, 200, 300." Here the children seemed just carried ¢

K away by the pattern of the counting. In one case a child verbalized *
a rather strange reason for making a somewhat different error. She
__was counting 1 flat, 9 longs, 10 units. She got to 199, and then with

-~ " the last unit, said, "299." When asked how she got that, she replied,

"'cause this block (the last unit) makes another'100. It's the 100th

one." Here the last unit was_counted as another 100.

There were still other language-based difficulties. This grouping

accounted for about 17 percent of the total. ,There were 18 times when
children made errors such as these:

Two flats, 6 1ongs and 3-units were named "one hundred sixty
thre® one hundred." ., .

One flat and ten longs were counted "one hundred, one hundred ' °
ten... one hundred ninety, one hundred ninety ten," .

— N - -
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Six errors occurred when children represented a spoken "one hundred"
as 1 unit and 1 flat, that is as 1 and 100. Similarly, in four instances
a child named 2 flats as "one hundred and 2" or 4 flats as "one
hundred and four." . . . S )

One category accounting for 18 percent of difficulties involx‘red
the child making non-standard representations of numbers or cointing
smaller units than necessary. Often these difficulties occurred when
the’ numbers were in the teens; the vocabulary for naming numbers in
the teens is inconsistent with the usual procedure., For example,
17 was represented in blocks as 17 units instead of 1 ten and 7
units, and 1 ten and 8 units were counted by ones on the long. This
difficulty is interesting since it can be interpreted as evidence of
immature thinking about numeration, and yet, in other contexts, as
an indication of flexibility. Thus, a child who is to share 24
cars among 8 children needs to think of the 24 as 24 units rather
than as 2 tens and 4 ones to solve the problem. In this case, a
non-standard representation of the 24 as 24 units anticipates a
necessary exchange. '

Conclusion .

When children encounter difficulties in learning,; they reveal
their knowledge and miscomceptions. By analyzing this information,
teachers can scientifically modify their instructional methods to
make for more effective intervention.
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-The Relationship Among Piagetian Area Task Scores, Teachér
Grades, and Standardized Test Scores for Grade Two

. Thalia Taloumis
Brooklyn College of the .
City University of New York

' -\

N\
Purpose

There were three major objectives for this research study. The oL
first,was to investigate relationshig& of Piagetian area scores to
teacher~determined grides, IQ test scores,. and standardized achieve- -
ment test sdores to determine ‘whether second graders' performance ,on
Piagetian area tasks (Piaget et al., 1960) correlated with or pre-
dicted their performance in mathematics. The second objective was -
to replicate the doctoral study of the investigator (Taloumis,*1973) -
to determfne whether the conclusions reported could be substantiated
again for a different sample group selected from a wider range of =,
population in grade two. The two main questions considered in the
replication were (a) did sequencing of the presentation of three area
conservation tasks and two area measurement tasks significantly affect
the scores of either set of area tasks, conservation or measurement
(the sequences.being conservation-measurement and measurement~
conservation)? and (b) did second graders assessed in 1976 perform
similarly to, the second graders assessed in 1971? The third objec-
tive of the study was to compare scores of subgroups to see if
environmental factors (socio-economic or geographical) influenced
scores significantly. :

-

Conceptuél Framework ) .

Since the study was a replitcation and extension of .the investi-
gator's reported doctoral study (Taloumis, 1975), the dame five
'Piagetian area tasks, administered to 168 children classified as
lower middle class (as defined by HavighurSt and Neugarten, 1966) in
grades one, two-and three' in the spring of 1971 (56 children per grade
level), were administered to the 169 children in grade two from
wider range of schools in the spring of 1976. The seven schyols
dnvolved in the 1976 study included the original three schools used
in 1971, the three remaining elementary schools in the same community, -
and a New York City public elem:j}ary school. :

<

¢

Research on the prediction/of achievement in mathematies from
performance on Piagetian tasks has been conducted in primary grades
within a span of one year. of that grade (Steffe, 1966; Stommel, 1966; /
LeBlanc, 1968; Nelson, 1969; Kaminsky, 1971; Kaufman and Kaufman,
1972; siliphant and Cox, 1972; Rohr, 1973; Smith, 1973; and Backus,' .
) . <

-~
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1974).. The present study.investigated whether the performance of //’ ‘
children on Piagetian area tasks predicted their teacher grades in )
mathematics and Stanford Achievement Test (SAT) scores in mathematics

over a two-year 'period. Moreover, the study examined whether

Piagetian area task scores contributed significantly to the predict-
ability of mathematics achievement after the prediction of

mathematics achievement was known from the Otis~Lennon Mental Ability-
Test.

The children in the presént study had at least three socio-
economic backgrounds that could be ifdentified. The study examined
whether these .differences in background paralleled differences in
performance on Plagetian area tasks. There are several Piagetian
studies that compared performance levels of young children from
middle-class and 1ower-class and found that children from middle-
class performed higher (Berlin, 1964; Almy, 1966 Rothenberg, 1969
Biot, 1970).

.

Progcedure

The sample consisted of 114 white children and _55_black children, -
ranging in age from seven years five months to eight years four months,
selected from the seven schools. A random number table and an alpha-
betical listing of children were used to select children from each of
the 21 classrooms involved in the study. -

The suburban community had two slightly different socio~economic
propulations Three of the six schools enrolled more children of parents
on welfare and two were geographically located nearer the main shopping
area located in the older part of the community. Two of those three
schools also had a higher enrollment of the black population. These,
three schools 'will, henceforth, be designated as Set B Schools. The
other three suburban schbols were the same ones as used in the 1971

study and will be, denoted as Set A Schools. The inner city school
population was designated as being 85 percent black, 1 percent white,
- and 14 percent other,

. The following three substudies were constructed:

1. The scores qf 60 children in Set A Schools assessed in 1976
were compared to the. scores of 56 second graders asséssed
in the same Set A Schools ‘in 1971.
The Scores of 60 children in Set A Schools were compared to
the scores of 63 .children in Set B Schools.

The scores of 27 children in Set B Schools (in two of the
three schools) were compared to the scores of 26 children
in the inner-city school.




The five area tasks were given in two difﬁerent'sequences: the
sequence (conservation-measurement) was.given to 84 children, and the ]
sequence (measurement-conservation) was given to 85 children. There
were 84 boys and 85 girls randomly selected. The area tasks were .
administered individually to .each child in a room apart from the
classroom. Each of the area 'tasks contained from 5 to 15 parts.
A scoresheet was used to record the responses of each child. A score
of one or two was given for each subtask within each of the area tasks.

- Statistical analysis inclulfed use of a Pearson product-moment
coefficient of correlation and .2 -multiple-regression for 1Q scores,
teacher grades, Stanford Achievement Test subscores (for computation, ;,
concepts, and applications), area conservation scores, area measure-
ment scores, and sex differences. The level of significance accepted .
was p <.05 (unless indicated otherwise). .

.

Results {

1. Piagetian area task scores were positively related to teacher
. grades, SAT scores, and Otis-Lennon IQ scores and the corre-
lations were statistically significant, but not for sex
differences (p <.01).

2. Conservation and measurement scores were affected by sequence
of presentation; the second group of area tasks presented in
L4 ¢ - -
either sequence resulted in.higher ‘scores.

> 3. In comparing 60 second graders' area task scores (1976) to

: 56 second graders' area task scores (1971), where all

* children were selected from Set A Sghools, there was no
3 significant di¥ference. ' .
In comparing 60-second graders' area task\scores in Sef A
Schools to 63 second gradexs' area task scores in the remain-
ng Set B Schoolg, there was ne sigﬁificant difference.

omparing 27 black second graders in two Set B Schodls

5.
6 black second graders in the inner-city school, the
rban children performed.significantly higher on two
ervation’tasks, but mot on the third conservation tisk
nor on the two measurement tasks. ’ o -~
. R 'o-.
Conclusions -

Conclusions will be more appro iately and accd}ately drawn whem
additional data analyses have been !‘mpleted and related to classroom
practices. These will be presented with the paper. !

~ >
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The Influence of Selected Artistic Variables on .. q ?
Children's Perception of Mathematical Pictures L.

Patricia F. Campbell 4
‘ Purdue University ° ‘

[

FEE T

¢ .

Purpose -’ . - 4

>
Q

Current first grade mathematics textbooks use dynamic pictures,
in conjunction with written numeralastatements, as one.method of commun-
icating mathematical concepts to children. Portraying motion, these
pictures may serve as a reference to aid the thildren when solving a
related problem, or they may provide a setting in which a concept may
be interpreted. However, it is initially necessary for the thildren
to relate the characters depicted in the p1cture and to perceive the
actign portrayed before they can.associate the pictures with the addi—
tion or subtraction ~of whole numbers. 0

5 . R

An examination of dynamic illustrations in current primary méthe-
matics textbooks revealed that both, single pictures and -sequences of
three pictures are presented in textbogks with motion portrayed by use-,
- of either postural cues (i.e., picturing legs of the charaqters in a
state of non—equilibrium) or- conventional cues (i.e., using lines,
vibration marks, or clouds of dust about the characters)., The purpose
of this study was to investigate the effects of the artistic cue )
(postural ox conventional) used to, portray motion and the: number of
pictures (single or sequence of three pictures) used to depict an
event on first grade children's perception'of the mathematical rela— ’
tionships (either addition or subtraction) portrayed by a dynamic
textbook-type i%;ustration. Furthe?, the study investigated the
possible correlation between first grade children's level of conserva-
tion, therr‘interpretation of the illustrationms, and théir ability to
characterize-“the dépicted mathematical relationships by number sen-
terices. The procedure used assessed the children's interpretation ‘of
the illustrations within two .levels of description, either verbal or
spatial. = T : , ?

v
Y

r . . R . ~ \ ¢ N

Concej f:u‘al Framework - . - S
Te N ,[ . \ .
= Research concerning children's perception of pictures indicates

that children\iyitially perce1Ve only discrete items in a picture

- and gradually develop the ability* to describe a picture in terms of
' overt action and to- erceive relacionships between the illustrate
characters (Amen, 1 ayerg, .1969). Motidn is one .of the more

difficult représen zen ‘to perceive in static, two~  «
dimensional pictyfes (Friedman & Stevenson, 1975; Schnall, 1968; "
_Travers, 1969). ovever, for a'child to deriwe from a textbook
b ~ . ‘« »- ¥ -
’ LS -},1:‘ . .
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illustration all the information which the artist has attempted to
transmit, the child must convert the still picture into a dynamic
scene. This requires interpretation of features within the illys~-
tration by an artistic code which deviates froh the real optical
code. g s ! . .

Friedman and Stevenson (1975) stated that preschool and first
grade children do not readlly classify pictures with conventional N
motion cues as "moving." However, one may intetpretitheir study to
ihdicate that if .faced with an apparent contradiction between con-
ventional and postural cues, young children rely on the postural
cues. Campbell (1976) noted that first grade children were more
likeLy to observe motion in textbook-type ‘pictures which were charac-
terized by use of both postural and conventional cées than in pictures
which utilized only postural cues. o .

ES

Given a sequence, firsi grade subjects seem to be ableat§>4nter-'
pret each group of characters within .the pictures as being ingle
group undergoing a change, with the sequence serving to display the .
group's charactets over time. Results of a study by Campbell (1976)
revealed that the-number of pictures presented (slngle,.s%ggegce) or
combination of single and’sequence pictures) had no significant effect
on first grade children's perception of the ma;hematical teXationships
depicted by’ the pictures. However, initially viewing and describing
.sequences did -provide. a learning. experience which significantly

3

affected the i terpretati6n of single p1ctures. . N
~ o . . , ’ .
"~ Procedure R ) . .

¢,
Ten- textbook illusE?Etions were chosen as modeis. €ve of the
illustrations‘depl ted additionggvents and five of the illustrations
depicted subtractigh\events. ¥ each model, two similar’ sequences
each consisting of three pictures were drafted One sequence depicted
characters with legs (e.g.,-frogs, pelicans, personified apples) using’
poscural tues to portrax motion._ The other séquence depicted charac-
ters’ without legs (e.g., fish, snails; personified buses) using
conventional cues to porgray motion., - NQ-sequence portrayed more than
seven characters, A set of single pictires was obtainéd by using the
’ middle\picture of each. sequé ce, ,}?,c , . .. \
'’ . -

Ninety~six children were randdmly selected from six first grade
classes within three .elementary schools in. suburban-rural Ind&gna.*
Initially each child was administered- the,Purdue Concept Formation®

_ Test., 'This test.consists of 23 Plagetian conservation~type itemsm
o"( \ .
" As_determined By random assigﬁmentﬂ the subjects were shown either
sirgle pictures or sequenées of pictures; these pictures depicted motion
- by either -postural cues or conventional cues, Upon presentﬁtlon of a
"single -picture or a séquence af three pictures, theg-students in the.
. verbal description condition were.told that the pitture(s) told a story,

.
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and "they.ygre then asked to tefl a story that went with the picture(é).v
Students imr the spatial description ‘condition were also told that the'
picture(s) told a story. The toys corresponding to the characters
in the picture(s) were placed in a pile before these students. ’
After telling or showing the story, -each child was, asked to choose a.
number sentence card, from a set offive cards, to go with the pic-

. ture(s). This protedure was repeated for each of the ten items "
presented to each child. Each subject was tested individually.

) B ) V ) . -
Analysis. \ - . )
A procetiure was defined to/assignﬁ'score for.each story descrip-
‘tion and number sentence response (0,1,2,3 or 4). Each subject’s
description was also coded as to whether it reveale perception of
motion (0 or 1). Summing these scores over the 1 items, each student
“had three total scores: a characterization of his descriptions.(0-40),
his overall perception of motion (0-40), and his” number sentence
+ ‘responses (0-40). ° ~ ,
A 2(number of pictures) x 2(description) x 2(motion cues) design
was used to examine the main effectd and interactions using analysis
of variance techniques on each of the ‘thfee sets of data (description-
scores, motion perception scores and number sentépcé scpreé}.“ Chi-
square analysis was used to assess ther there was-a relationghip
between the type.of number sentence re onse which the students con- -
sistently cliose and the number of pictures.or motion cue which they
viewed. Pearsod correlation coefficients weds alsd computed to assess’
the possible relationship Belween,the cognitive level of the 'subjects
as measured by the Concept Formation Test and their ‘responses to the -
Pictures, as, well as 'the possible .relationship between descript;on and.
number sentence responses, -

N N . v -

“

Results . .-
S . ,

- Analysis of variance procedurei\gevealed significant main effects
"due to the number of pictures (single or sequence) (p = .002) and the
type of artistic motion cue (p = ,004) on the description responses.
The form of the descriptipon (verbal or spatial) had no; significant
effect on the description responses (= .05); no interactions were
.significqﬁt. On the motion perception scores, the type of artistic

motion cue had a significant effZct; however, neither the form &f the .
description nor the number of pictures had-.a significant effect on the
motion perception scores. No.significant interaction uffects were:
noted with ‘'réspect to the gdtion pefbeptipn*scopesl Analysis oft the-

. number senfence responses revealed a sighificant effect due to the

. number of pictures (p = .001),'buEbnd,sdépjfidaﬁb effec; due to the
type of art%?tiptmotion cues. .o \ *P
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Chi-square analysis revealed a significant relationship (p= 0037)/
between the number of pictures ‘(single or sequence) used to depict a-
mathematical event and the type of number sentence response chosen to
abstractly describe the event. A significant association (p = .0326)

as also noted between the type of number sentence response and the
$tistic motion cue.

No evidence of a strong linear correlation between cognitive level
and responses to the pictures or-betweendescriptions and numbeﬁ'sen—

- tence responses was noted. y
- . . R -
) \ : Co
-. Conclusions L . : “»

Based uport the results of this study, some conclusions are
suggested. )

Signifigant effects due to single or sequence pictures were noted
in both the subjects' descriptions of the pictures and their character-
ization of the pictures by a number sentence. It is recommended that .
1llustrated sequences be presented within the primary mathematics’
curriculum, and that they should be presented prior to single pictures.

The form of the artistic motion cue (postural or conventional) had .
a significant effect on both motion pergeption andhdescription scores.
_ Examination of the mean scores and the Chi-square analysis suggest' that
first graders are able to interpret both types of artistic cues but are
more likely. to perceive motion and correctly idéntify number gentences
in pictures utilizing postural cues, rather than conventional cues,

' . ’ .’ U <
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Linear-Measurement Processes in ?oung Children E—
\ , .

)

‘ David A. gradbard"
University-of Georgia = .
- : LY

- e

Purpose . T .
. . 4 B
The present study is c&ucerned with exploring the development of
children's-concept of linear measurement. The exploration of such a
concept implies that both the mathematical aspects of 'the concept and
. the psychological processes of concept development must be considered.

.

Interest in the psychological processes”for the development of
the measurement concept has, fox the most ﬁart, been inspired- by the
research of Piaget (Piaget, Inhdlder & Szeminska, 1964). This research
indicates that the psythological processes for measurement develop in
several stages over a period of 3-4 years. As children pass through
these stages, there is a gradua development of a cognitive structure
ending in the synthesis of cer§ain mental operations that eventually
enables children to measure. . T

NURNCR - 4 . .

“The Piagetian reseafch\seemé to -indjgate that the'déveloping cog-

nitive structures are paralleled by increasing knowledge of 'the

mathematical nature of measurement. A critical Broblem in mathematics -

education is to determine the state of a child's knowlédge with respect
to the mathematical aspects of the measurement concept at a: given
developmental stage. i

4 [

s

The purpose-of the present study was twofold, The first urpose ,

was to analyze theoretically the possible integration of the psycholo-
gical processes concerning the,development of the linear measurement
concept and certain features of the mathematical aspects of the coh=

Y

cept. The consequence of this analysis was a set of research questions . -

(stated in the next section). The second purpose was to explore_empir-
"ically the research questions through the administration of meéziiement
tasks to young children. The data generated from the résponses of the
children.ere used to suggest answers to the research questions, i

-

RS . -
L Z
-

Conceptual” Framework P -

[

R . <@
. ~ e
L}

The mathematigal®framework g%r the linear measurement process was,
drawn from the Mathematical Concepts of Elementary Measurement-by
Blakers-(1967). The measurement of length can be gonceived as a func—
tion f%pm a domain space D of objects (say "sticks", all having the
attribute of length) into the positive reals R, The-domain space has
‘the following structure: Thére is an equivalence relation "the same

&
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length as" and an order relation "is longer (shorter) than" denoted . ..
by ~ and >(<), respectively. These relations allow one to partition
and order the'domain shace. ' \

Theré is also a binary operatian * for "joining" objects in D.
This operation has the fellowing properties for amy a, b, c, and d &
D:, (1)"1if a~b and cad, thén a*c ~b*d; (2) if a~b and c<d, then a*c <
b*d; and (3) if a<b and c<d, then a*c~<b*q

- A function £ can be defined on D by selecting an arbitrary
element d_ I’ D and designating £ (d ) ="1; d0 dis called the unit for
2. The function 2 assigns measures to other members of -the domain
space by (1) direct comparison with the unit or a multiple’ of the
unit or (2) by iteration of the unit or a multiple of the unit. Of
partﬁcular importance is, the fact that £ is additive (i.e., for any”
di, 4L D l(dl*dz) = 2(dy) +2(d2) ),

The psychologlcal framewot@fs drawn from the. coﬁitive develop=
ment theory of Plaget as presentéd in The €hild's Conception of Geometry

by Piaget, et al. Piaget's studies indicate that childre ab111ty to
measure emerges during the period of concrete operations. Children's
thinking in this period is characterized by eight groupings (i.e., types
of mental operations). Piaget has characterized the mental operations

.required for measurement §s follows: ~ - .

. To measure is to take out of a whole one element, taken as
" a unit, and to transpose this unit-.on the remainder of the .
' whole: measurement is therefore .a synthesis of subdivision . .

-and change of position. (Piaget,\et al., 1964, p. 3.) . a

</
The mental bperation of "SUbdiViSlon of a whole" is an operation
from Piaget's Grouping I.(i.e., 'the additive compositlon of classes),

“whereas the operation of 'change of position" is an. operation.fro

Grouping V (i.e., the addition of asymmetrical rel!tions) *Subdivi-
sion requires that a child be able to imagine a line segment as a
series of contiguous parts composing a whole.. Change of position

‘fequires that a child be-able to mentally establlsh length relations

? ‘
.

r
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&

e

between segments when the:positlons of the segment have been changed.
When these two operations ‘have been synthesized, .the child is capable
of iterating-a unit (i.e., the child can measure), Y .
) Given this conceptual framework, the following four expioratory .
“research'questions were posed concerning the possible integration of
the psychological processes and the mathematical nature of linear .
measurement: - L . . ’
1. 'What does acquisition of selec #spects of the ma.the:v
.‘matical aspects of meaSurementimply about the child!s
- state of development’ with respect to the mental opera- N - .
tions of change of position and/Sr subdivision (e.g,, if :
the .child believes the length function is additive{'does . .
this mean he has acquired subdivision)? ' . SLQ&/

L}
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2. 1If a child possesses change of position and/or subdivi-
sion, what, does he know about the mathematical aspects
of linear measurement (e.g., has the child mastered the
domain structure of the measurement function)? '
3, Is there specific order in which children acquire an
understanding of the various- mathematical aspects_of
-measuremertt Qe 8., must the ch11d;m§§ter the struicture
. of therdomain space.before he can uisé the length func--

tion)? . . . :
. -t - e, . , -~

4., 1s it requ1red that children possess both Qf the mental
*  operations of change of p051t10n and subdivision before.
they can iterate a unit (e. g., must a Chlld consetrve-

length ‘béfore he can iterate)?

L]
) oo s ) }

l.' ~ . .
Procedures .

- »

3

[y

-:_' N Subjects were 60 children, .20 each.ﬁrom grades 1, 2 and 3 of -

the Monroe Primary School in Monroe, Georgia. Ages of the children

ranged from 6 years and 5 months to 10 years and. 4 moiiths, -
« .« Each child was interviewed indiviguélly by the autﬁor in two =

separate sessions. Quring_the course of the interviews, each child

was given various collections of sticks and asked to perform tasks

fhat required hig to. do such things as compare sticks directly and

indirectly, compdre combinau@ons of sticks indirectly, measure sticks

via unit iteration, measure sticks with a ruler. As the child

attempted each task, n;s verbal responses and physical behaviors

were recorded. o

. ©

The tasks.were designed to measure thesdevelopment of the child's
coricept of the mathematlcal aspects of measurement as well as the
development of thg re uisite mental operations: Tasks related to the
~former measured the child's-ability (1) to infer a length. relatjon
between sticks via transitive reasonlng, (2) to infer a length rela-.
tion between two polygonal paths by employing properties of the join
operation, (3) to measure a stick by unit iteration,. (4) to measuie
a stick with a multiple (a ruler). of :a désignated unit (5) to employ
the additive property of the length function. ’

Tasks to measure the development of the mental operations were
adapted from The Child's Concept of Geometry by Piaget, et al. (1964).
Change of position .was measured by conse¥vation of léngth tasks similar
to ones described in Chapter 3, while subdiv1sion was measured by the
tram tasks described “in Chapter 6. .
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Analysis (/ . '
The analysis proceeded in two steps, First, the responses and
) common' behaviors for each task were classified across grades. The
intent of this classification was to enable the author to discuss
the integration of the mathematical concepts and the mental opera-
tions. Second, response patterns between selected tasks were anal zed.
\ : The intent of this analysis was to search for (1) possible hierarchi-
) cal orderings among the six mathematical abilities mentioned, (2)
possible ordering of acquisition of the two mental operations, and
(3¥erelations between the mathematical abilities and the mental \

operations. R .
-~ . .
Results * . ’ /
. q .
i Following are some tentative findings that are related to the
four exploratory questions posed earlier: . N i

-~

. - &
1. The mathematical abilities show consistent dévelopmental
trends (i.e., for most of these tasks more than 75% of
; . the third graders succeeded while only 25% of the first
S graders did). - S '

.
. . P

>

. ¢ . ’
“__, 2. The mathematica¥ abilities mentioned in (1) do not seem
‘ - to be tOtally ordered. Rather,%everal- of them appear to

) emerge simultaneously, .
3. Children that can me suf:EZi the Piagetian sense appear

. to have mastered all e mathematical abilities, ) s
measured, R 3 - . -
‘ 4. Change of position (conservation of length) does not seem
to bg\fs important for measurement as claimed by Piaget, = .

o . , N
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The Development of Length Conservation !

¥ ) Through Measurement Ttaining ’ .

-

_ Thomas P. Carpenter - : ’
imieee - ey Undversitycof Wisconsin- "7 - T

= James Hiebert
: > University of Wisconsin

L.
Purpose
The purpose of this study was to investigate how young children
learn to conserve length. The study is a replication of a tra1n1ng‘ :
study reported by Inhelder, Slnclair and Bovet (1974) which attempts
.t analyze the specific effects of ‘training on -children at different .
lZvels of cognitive development. , This training procedure facilitates

the identification of specific mechanisms that lead to the develop-
meut of conservation of length. i’

o

- < v
"

Conceptual Framework ‘

- . .

N ' For Piaget; conservation is the central-concept which underlies \
all measurement. Recent evidence, however, suggests that the appli- )
cation of meacurement operatlons may contribute to, rather than ‘
depend upon, the development of conservation (Carpenter, 1976). A

- key study in this area, that has peen widely cited in the literature,
v is the study repcrted by Inhelder, Sinclair and Bovet* (1974). In -
‘addition’ to the significance of this study for-understanding the . "
development of measurement concepts, it is also cited by the Genevans . .t

to support their theory that cognitive development proceeds through
© ,the resolution Qf cognitive conflict. This critical study involved,
only 16 subjectq from a very select ‘population and suffers from the
general latk of ptandardization inherent in Genevan research. Clearly
this study’é;ir nts replication, ‘ ‘ ?

Prodegure ' o - -}//
Subjects were 29 kindérgagten children attending public school in
. a rural Wisconsin community. All children were pretested on number
: -* 'conservation, length cdnservation, and length transitivity. Several
days later they received the instructional treatment which was followed
yy the posttest, consisting of the same items as the pretest. The ' . -
tasks in the instructional treatment required subJects to®construct

- roads using cuisenaire rods that were the same length as. roads construc- . °
N ted by the experimenter. The difficulty of the tasks resulted from. .,
e several constrain®s. In.some instances the subjects liere asked to
N . " build their roads in a'different direction than the experimenter s
' L ~ roads. In otlier$ their roads were .to heséa:allel to but beginning
, . S ’ -t - L - '~. . .
3 ~ . . 2 . ,
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az a different point than the experimenter's roads. In still other !
cases the subjects were required to build straight roads correspond-

ing to the experimenter's crooked roads, but were given-rods which -
were shorter than the experimenter's. Each subject was presented ~

with sgveral situations, all of which remained in front of the sub-

-

. Ject tlhroughout thelfraining. After completing the problems, the

subjects were asked to explain their solutions, and to reconsider
earlder solutions in order to resolve the conflict potentially
existent in their initial solutions, o, . -

. The instructional treatments were expliEitly designed to create
conflict. .Children fail to conserve length because they center on a
single dominant dimension and fail to recdgnizé the inconsistency of.
thefr responses. Certain tasks were designed o that children would
naturally center on endpoints, while ‘in others \they would focus on
the number of cuiseénaire rods. It was hypothesized that by attempt-
ing to resolve the conflict between these two tybes of responses, >
children would learn to conserve. °

)

Results

e

The results. of the study are summarized in Table 1. Ten'of the
children who failed to conserve length on the pretest improved their’ .
performance. ' Four went from.no evidence of consetrvation to the .
intermediate stage, four went from the intermediate stage to full.
conservation, and two went from no conservation to complefe conserva-
tion. Six of the ten.children who showed improvement did not comserve
number, one was intérmediate, and. three conserved numbgr, '

. ' o v
TABLE 1 , __ " . ‘
—n . ) .~ oo J ‘
\\\\\ngparison of Pretest and-Posttest Performance - \ -2
. ' Numbe® " Length Length
. Consexved Conserved [~Jransitivity
. | Unsuccessful .19 16 LS A
Pretest | Intermediate . 1 "9 \\ ( '
. . / ’ . ' . ’ :
@ Successful .| - . 9 - . 4 - - 12, .
e L N G
: ) ‘Unsuccessful 19 - . 1 - 10 17 i
. /"\ Y M ] .
Posttest | Intermediate o . 9 .1 N
‘ . 4 ' ) N ! [
. , Successful = . .10 10/ .12
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Conclusions ..

= -

¢
- N .

Although 40 pervent of the subjects showed gains in conservation
of length as a Tresult of the training session, the results of this
study are not entirely consistent with the Genevans' theory. They
"maintain that learning is only pgssible within the limits imposed by
development. Specifically they ropose that conservation of number
is a prerequisite for the learning length qonsérvatlon or other .
more advanced operational structurés. In fact they only included in
their study subjects who conserved number but. failed _to conserve
length. Theé current study included both number conservers and non--
conservers. SubJects who did not ‘¢onserve number wetre as successful
in the training sessich as the number conservers." Approximately ‘the °
same proportion of each group showed improvement on the posttest

. The current study also failed to find the same levels of perfor-
mance during the training sessions 1dent1f1ed by the Genevans.
Although most subjects recognized the conflict in their responses,
few of them were able to resolve this conflict. It is interesting
that although few children showed much success on the instrictional
tasks, such a signifi;ﬁnt humber showed gains on the posttest. Since
‘there were not simila gains in number conservation or transitivity,
it is unlikely that these gaime can. be attributed solely to retesting
factors. : L .

In general these results tend to supporﬂ Carpenter's (;;76)
hypothesis that children seem to benefit from instruction that would
appear to be beyond their level.of cognitive development. 1In other
words, alghough the children did not, rﬁill recognize the signifi--

using different units of meas different size cuisenaire -

; they did benefit from instruction using different units. This
is”“censistent. with the results of several othér studies reviewed by
Carpentfr (1976) Perhaps the best explanation for children' S success
is“Gelman's' (1969)" hypothesis that tralnlng,dareots children's atten-
tion to the relevant igtribute.

’ LJ

- I - > “
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"~ The Relationghip of Field-Independent-Dependent Cognitive R
Style and Two Methods of Instruction in Mathematical Learning

L4

Judith Threadgill
University of Calgary

-

o

Purpose

The purpose of the study was to investigate the relationship between-— L
field-independence-dependence and -two instructional methods in terms of
mathematical congept attainment. , It was hypothesized that figAd-
independent students would benefit more from a "guided discofery' treat-
ment and field-dependent students more from a "meaningful didactic".

r . .
treatment, . ‘ :

' o / //:,/—\

boanptuaf'Frhmework

Recent reviews of aptitude-treatment interaction (ATI) studies
(Berliner and Cahen, 1973; Cronbach, 1975) indicate that ATT research
results have generally been inconsistent and inconclusive. Glaser s
(1972) has suggested that the lack of solidly demonstrated ATI effects
is in ‘part due to the aptitude constructs employed, "and that process
variables such as cognitive gtyles might prove to be more promising
aptitudes to consider in interaction stgdies. Yet the value of cogni~
tive style as an apgitude variable for assigning students to -
differential instructional treatments has received only minor consi-
deration (Kogan, 1971; Satterly, 1976).

Pl .

Witkin's field~independence;dependence'dimensign is perhaps the
most widely known and, thoroughly investigated of cognitive styles. -
(For a iew of investigations, see Witkin, Morre, Goodenough—and
Cox, 1977.) »This”dimension‘was‘originally identified as a difference
in perceptual styles. Howevet,ﬁsubéequent research revealed a more .
generalized analytic orientatioff associated with a learner's percep-
tual ability to overcome or restructure the organization of a field.
Within this contexE;'field—independent individuals can be character- L e
ized by their ability to perceive, differentiate, and analyze relevant ’
components of a stimulus. On the other hand, field-dependent indi~ -
viduals ‘are more passive and less analytic in their processing of a

stimufus, and tend to prﬁsere the holistgi'nature of an encountered ~
field. < . ’ Y : 4
.’ , e r L N .\ .. ~ N

*  The stabildty and consistency of field~independence-dependence
would seem to make this riable igeally suited for ATI research..
Yet the ‘question of apprgiriate.treatments for students at either
end of this comtinuum is currently a mattepsof speculation. Kogan
(1971) has suggested that a discovery method of instruction might

*
¢ \
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prove beneficial to field-independent children, while field-dependent
.children might learn more from a didactic mode of teaching. The
present investigation ha$ attempted.to determine whether such an
_ interactioh might exist. :

-~

Procedure . .

Sixty seventh grade students particlpated in this study. These
participants were originally selected from a- pool of 198 students on
the basis of scores obtained on the NLSMA simplified version of the
Hidden Figures Test (Wilson, Cahen and Begle, 1968). Half of the
participants scored higher than one standard deviation above the mean

and were categorizZed as field-independent.

The;remaining participants

scored lower than one standard deviation .below the

mean were designated

field-dependent.

Students from each half were /randomly assigned to one

-- -subjeets in each cell.

¢ of the two treatments, resulting in a 2 x 2 factorial design with 15
IQ scores of the partitipants were obtained
from school records and used as the covariate measure. ’

v .

Two. treatment presentag#ons were developed for this study. The
meaningful didactic presentation was characterized b¥deductive methods
with stated rules followed Qy-examples, the exclusion of irrelevant
information, and immediate feedback on the correctness of responses.
The guided discovery presentation was basically inductive, requiring
students to derive rules from examples and to sort relevant from irre-~
levant information with no substantive feedback provided. A séript
was. prepared for each treatment to insure.consistency of presentations.
The students were taught in groups of ten, with each of the six groups
including field-independent and field-dependent participants. .These
six groups were independently taught the, treatment material during two
class periods lasting 45 and 30 minutes, respectively. Immediately
subsequent to the second instructional period, each group was indepen-
dently administered the posttest. U

~

v

The topic chosen for instruction was the traversability of graphs,
. 'presented as a highway network problem. This choice was guided by
thetdesire to minimize the effects of prior learning while providing
a topic accessible to seventh graders. The 20-item posttest required

¥

students to identify qeﬁ'complex traversable nétwork

s and apply

4

traversabilitﬁp;ules\t0~new’situations.

¢ ~.

Analysis . ‘ ’ ,

Two—wayqaqalysis.of-qovariance was applied to the data, using IQ
scores as the covariate and posttest scores as the criterion measure.

Homogeneity of variance and homogeneity of regression were both tested
prior to the, analysis and found to be tenable. ' ’

. . 7
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Results . "

Field~independent students achieved significantly higher (p <.05)
posttest scores than did f1eld -dependeént students. This finding is
consistent with previous research demonstrating the superiority of -
fiel 1ndependene individuals in terms of concept learning, tasks
(e.g., Ohnmacht, 1966) and matheématical ability measures (2 g.

Satterly, 1976). The concept learning tasks in this “study requared
studepts to perceptually organize and conceptually categdtize net-
works and traversability rules. Field-dependent behavior apparently
inhibited recognition of those components critical to the identifica-
tion of traversable networks. On the other hand, field- -independent ° i
students demonstrated an ability to recognize and evaluate relevant L
attributes of network stimuli. These behaviors were consistent w1th1n

each cognitive style group, irrespective of instructional treatment. _

.

The main effect of instruction ethod-was—not statistically—
significang. The high igterest leve( demonstrated by the-sfudents
in the content of the udits, with its posdibre—effact on motivation,
may have influenced learning the extent ghat 1;30utwelghed the
effects of differences in 1nst§; ﬁional formats. Thlsjgﬁéx 3 1oq§
although speculative, suggests one possible explanatiof” Eofftﬁe lack

of signlflcant d1fference - -

2

Instructlonal treatmeits yere not found to interact with field-
1ndependence-dependence in this study. However, the possibility of

+ such a relationship continues' to exist, with the congcommitant, possi-~

bility for-adaptation of instructign to individuals in classroom

- settings. Level of guidance has been found to interact with this

cognitive style in a college setting (Carpenter, McLeod. and Skvarcius,
1976), and it is possible that this variable might interact with A
field-independence~dependence with younger children. It is recommended
that additional research be conducted ip this area, with consideration
of alternative instructional variables and criterion measures.
Furthermore, it is also recommended that research commence in the

"area of compensatory treatments for field—dependent students.
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Purpose - | " :

[
e

.
. .
‘s ¢ . \

-

N . .
IR o \ *
A

Little research evidence of a developmentalgpature exists concern-

did initfal work in this domain,
Franklin (1961).

exception of Wagman (1973),

ing the child's conception of area’ measure.-

Follo%w-up work was done by Beilin and

Wagman (1975) studied the child's conception ‘of area.
measure with a primary emphasis on the conception.of unit.

With the

there is no reported evidence of' how children
incorporate number into their concept of area measure.

was designed to look at chlldren s area measurement:behavior with empha-

sis on which cues, ynit cover1n° or: multlplicative,
gs they. consider, the area of certain regions,

hildren attend to

Sy .Y

. 'The task design was sf&llar to that used by Piaget (1960) in his
subdividing a straight line task, but with appropriate changes for area

instead of length,

Children of elementary schbol age were interviewed -
using six'sets of three area comparison tasks"
ren s behavior provides valuable information concerning measure behavip
in general and drea -in particular.

Analysis of the child-

This information should give direc-

:cdon for instructional tesearch concerning area concep;s and related
studies of thé physical. models used for teaching the ‘operations for

rational numbers.

L WP

' 9‘

» f-data.) A sample/}»aem fs presented below*

'Procedure

& -
v_-,

» \/ L

* i,
\:.
'\\_
al

-~

A'sample ofs 106 stydents from grades th e, four, five and six were

interviewed using Sgts of area items (initi

employed).

practice items were

The studbnts inteqwiewed came from schools in Austin, Texas

and Columbus, 0hio.)_(Thanks are extended to Alan R, Osborne of The Ohio
State University for his assistance in the colleqtion and analysis of -

Display Reglon

t\ 4' 2 | : g;g

Figure 1,:Sample Iteﬁ\
' /f N ’ . o

_Piagét and colleagues (1960)5

&

¢

The present study |

3

s’:

)




R oo \ Vel . X ' .
h =] After being shown the Display“Region, ‘the child was .asked to draw a
“line on the Answer Region' tc construct 'a rectangular region of equal
\ area (see Figure 1).- Analogous items were based upon a grid network
L. and an indicated grid in order to provide differing perceptual bases
Y for cuing children about area- judgments (see Figure 2).

El
.

(

- i 1 X
"Indicated Grid v, . _ , Grid -
Figure'Z. Display Regions.
/ . ' Any unusual problem—solving{behavior or comments by the child were

recorded Particular attention was given to reporting the nature of
children's errors. - . . :

t Analysis .

Analysis was- done in a’clinical manner because of the 'mature of
the interview items. Therefore, the results and conclusions are anec- '
dotal rather than statistical. - This method was chosen so as to provide
more direct suggestions to teachers of young children. In the presen-
tation it will be possible td report informative statistics such as ,

: percentages of errdrs and frequencies of types of errors. '

\

! Conclusions

Results and conclusions ¢an best be summarized by lobking at
general item performance and li§ting some common misconceptions about .

area. .
. . ) -

General Performance. As expected all children had some compe-

tence in ‘area, with older children outperforming the less experienced

" ones. The three item types were, from easiest to hardest, grid, no~
¢ . grid, and identical grid. Children who appeared to undeyrstand area
aould operate interchangeably with unit. covering and multiplicative
approaches to area." Younger children appeared to rely more heavily
on the uhit covering approach. . .

~

.
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Comnon Misconceptions.

-

Five types’of axea misconception seemed
common in the sample: : .

. 1. Judgment of area based upon length of one dimeneion;
T - 2. Compensation usiné primitiye pérceptual methods; A
3. Area determined oy point counting; \ 1
.4, Counting around the corner; and .
. v 5. Point counting using only linear units (Hirstein, Lamb

' and Qsborne, 1978).
These results are to be used to design .remedial activities in the class~
“ room as well as to generate further instructional research. During the
presentation, it will be ‘possible to suggest teacher activities gener-
ated by i?ildren S errors:

.

. ~ - - A
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A Clinical Study of the Heur::xic Strategies’
Utilized by High School Students

.
S Lionel Pereira-Mendoza
N ) Memorial ‘University
\ , ‘ - : .
JAN Purpose . '
. \\ . V‘EW‘-A - 7 RS .
R -, ,The study of hduristic strategies has been a continuing .

concern among mathematics educators (e.g. kilpatrick (1967),

Lucas (1972), Vos (1976), Blake (1976). While the studies tend

to employ distinct, but not disjoint sets of heuristic strategies,

'# _ 1t seems reasonable to conclude, that most researchers utilized
Polya's heuristic process.(1957) as the initial framework forsthe
heuristic strategies. One overall implication of such research seems
to be clear, namely that students do utilize,. and can be taught to
utilize various héuristic strategies (e.g. drawing diagrams, making

a table and looking for a pattern) in solving novel mathematical
.problems. With this support for the significance of heuristics.in

-

o the problem solving process this researcher wanted to investigate
w the following questions: o o \.

. t. ’ N N < a '
o s " 1. Without any specific training in heuristics, what are the
. - + - heuristic strategieswnutilized by students in solving novel

,mathematical problems? . 1

-

2. What are thehmos; commonly utilized heuristic strategies? -~

The works of Polya (1957, 1954 (a), 1954 (b) ) and MacPherson (1973)
provided the major frameworks for identifying those heuristics that - . ‘
might be qtilized by students. ; . .

,. Procedure .o
e Twénéy high school students (grades 9 - 11) were seiected from
-1ocal schools. These students were all in the -honors mathematics
o .- ' program and were students who the teachers identified as_the 'better'

. 'problem’solvers. :
- :ti' Each student had four ﬁroblémg to solve’. °The problems were /f ,
presented one at a time and-the student was allowed 15 minutes to ‘

solve “each- problem.. If at the end of that period he had failed to
%4 §ind the solution he continued with another problem. If he completed
' £he problem withih the 15 minutes he was allowed to continue with the
next problem. Two of the problems used.were:

»’ °




Y. The Chinese Tangram.puzzle. The student had to arrange -
the seven pieces to form a square (see figure 1). .The
seven pleces were placed in an envelope in front of him.

™ Solution: °

.

Fig;&e 1

Given 1000 squares (1 cm x 1 cm) how can they be arranged
in a plane so that the total perimeter of -the figure formed
1s a minimum? Find the perimeter.' In front of the studept
there was a box containing a large number of 1 cm x 1 cm

squares. ,
Solution: . Rerimeter is 128 cm,

|

\
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,the judges were trained in €he use of the coding procedure.

. to arrange the pieces in a symmetric manner (see figure 3).

. . ; -

There were three key components to the e§peri;ental procedute. . )_“Jg[fg
" 1. The students were videotaped while solving ‘the problems.A_?":JT.'j“‘,4i”
2. The students were thinking aloud whileisolving the problemsuf . \,’ .
. ) .

3. The students were given physical materials to work with - - T
while solving the,problems ) . w7

The use of physical materials and videotaping added a dimension to

the data' not present in most studies. It ‘enabled the judges (see

analysis) to determine whether the students were physically modeling
heuristics such as symmetry - > - )

B

Analzsis ’ ’
Using videotapes retained\from the pilot stage of the study,

Primarily

the coding procedure consisted~of recording the heuristics used and .

the order in which they were used. At the end of the training sessions

the analysis of the:actual data tapes was undertaken. Each judge

coded each tape separately, and then they met to discuss .the results. e

The discussion centered around segments of the various tapes on which N

there were disagreements. Only results on which all the Judges could - !

agree were included in the interpretative stage og the analysis.
. “ - ) - \

s

Results ’ ' ) !

- )

* The most commonly employed heuristic was examination of cases -
(enumeration of cases). ;Students tended to use both random cases
and systematic cases. For example, the perimeter problem somé stu-~
dents would try to build up from a ‘small number of dquares. while

others-would just try random numbers of . squares.

Symmetry was' also used by many students. This wasg particularly )
obvious in the tangram puzzle, For exampIe, the students would try i

. Figure 3 - . - 7 ,

- e




S

Other heuristics, such as preservation of rules amd analogy ‘only

appeared very rarely. S . o o _
Note. The use'of videotapes proved to be'eitrEmely valuable.

The video poﬁ ion of the tape provided evidence of heuristics that

was not preseﬁ% in the audio pogtion. Furthermore, the researcher "

feels that it .would have been impossible to record all the nuances

involved in thelprobIem s6lving process without&the tape. )

.
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