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ABSTRACT
Laboratory ancd Lecture Apprcaches to Mathematics

Instruction for Concrete and Formal College Students (HYP)

GERALD KULM, pPurdue University
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Laboratory and Lecture Approaches to Mathematics
Instruction for Concrete and Formal Ccllege Studernits

GERALD KULM,, Purdue University

A substantial amount of evidence seems to 1indicate that
many college freshmen have not yet reached the Piagetian
level of formal thinking. For example, studies by Elkind
(1962), McKinnon and Renner (1971), and Tower and Wheatley- ,
‘_(1971) indicated that 40 to 75 percent of college freshmen

were functioning at Plaget S concrete operational level in
One or more areas. Lawson (1974) has suggested that there
are certaip abstract concepts that are understandable to
students at the concrete operational level, while other con-
. Cepts can only be learned at the formal level. ?urther,:he
show2d a direct relaticnship between the learning of formal

concepts and the level of cognitive development.

’ Mary of the concepts irn mathematics are formal 1n nature.
One apprcach to making these formal concepts attainable by>
concrete subjects 1s to present them through enactive or iconic
representatiocns, erabling the subject to progress to a more
symbolic and formal understanding. , The sequence of mathematics
instruction which moves from the usec Concrete or semi-c ncrete
activitieg.and materials to symbolic rules, definitions or
formulas _is known as the mathematics laboratory approach.

The approach 1s largely student-center.d, invoIving small group
and individual exploration. This activity, according to Dienes
(1963) vrowvides the student with a mathomatical imagery, event-
.ually enabling the manipulation of symbols without the aid of

. concrete materials.

Paper presented at American Educational Research Association
Annual Mecting, New Yorw, Arril &, 1477.

Research reported herein was QUHQOIY“J by a grarnt from the
Fducation Department, Purduce Universss-. ’
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Previous researtch studies in the use of the laboratory
approach at the college level have not usecd &ognitive level
as an independent variable. ‘Phese studies have found no .
51gn1flcant achlevement differences between 1aboratory and
1ecture groups (Cathcart 1975, Fuson 1975,Warkentin 1975).
A further difficulty with past studies has been that the
content for the treatment and control groups has mot been
identical, making it impossible to compare achievement

results (Fitzgerald 19€8, warkentin 1975).

. " . -

The purpose of the present study was to determine thefit
¢ffectiveness of a laboratory approach for formal and concCrete’
cperational subjects who wefe given identical instructional
objectives and achievement measures. It was hypothesized
that a laboratory approach would be more effective for concrete
subjects and that a lecture approach would be more effectlve

for forma? subjects.

Methods

Subjects: The subjects were 89 frnshmen in a first mathematlcs

course for elementary tpachers.

Instructional Materials: Two parallel sets of in&tructional

L.noklets were prepared for each of the five units studied

during the experiment. The booklets contained the rationgle,
oehavioral objectives, learning activities, and a self :zest.
The learning activities consisted of textbook readings and
exerises, differing only in the classroom activities.
Classroom lectures for, one group werc replaced by laboratory
activities in the experimental group. The laboratory work

was done Lhrough gfoup work on worksheets prepared by the
»xperimenter.  Manipulative materials were used in conjunction
witﬂ the worksheets to promote discovery of concepts and
relationships.  The sane wwo graduate instructors tauaht bLoth

groups. Th~ instructors were available to answer gquestioag
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and provide suggestions for proceedlng through the worksheets.

At the end of each unit, usually four or flve class se551ons,

a ten item quiz was given to both groups over the unit

ob)ectlves A brief outline ‘of each of” the units 1s;g1ve€

in Table 1.

L T T T T S,

Insert Table 1 about here

—_— e e e e e e e e e o e -

At the end of the eight week experiment, a comprehensive

achievement test over the five units was given, Elght weeks
later, the  achievement. test was given again as a part of a

flnal examination to measure retention.

Formal Reasoniné Test: During the first week of glasses, an

elght item open-response test was admlnlstered to assess
cognltlve level. Two items in each of four‘areas were
written to dete;mihe subjects' ability in proportienal think-
ing, svllogistic reasoning, combinatorial thinking and field
dependence. The subjects' respgnses to the items were scored
eih@er correct or inéorrect, r;!ultlﬂg iln a maximum pessible
score of 8. Examples of the items are given below.

Proportional thinking 1iterm: -

—_ Teacher Puzzle

y
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Which class hai tho

A tujchrr gives a math problem to three different classes, \\\
Shown below is a summary of the results.
) - Number of Students "Number of s :udents
Class working problem correctly working -problem incorrectly
1 , 20 ’ .10 .
2 22 . 20
3 12 8

esults on the problem? Explain your

o
(4%
wn
e

.answer.

(1)}



S&llogistic Reasoning‘Itemr/

Detective Puzzle 4

~ Suppose you are a detective and you havé the following

;nformation about a burglary.

Either the burglar came in a car or the witness was
mistaken.

. 'If the burglar had an Eccomplice, then.he came in a car.

>

The burglar did not have an accéomplice and he didn't
have a key to the apartment cr the burglar had an
accomplice and he had a key to the apartment.

It has been "roved that the- burglar had a key to the
apartment.

What conclusions can you make about coming ih a car, the

witness, and having an accomplice?
L4

&

Combinatorial Thinking Item:

- License Plate puzzle .
In a small foreign country, automobile license plates

have a letter followed by two numbers. Y ¢

§ ' - ‘ Y 4 -
: A 32 .
\ - SLOBOVIA 1976

- The only 'letters used are A and ~B. The numbers can be 1,
2y or 3. How many different license plates can be made?

Desc¢ribe how you figured it out.

™»



Field Dependence Item

Tire Puzzle - ' .

. - -

. As a\car-drives along the
“» highway, its-tires turn v
X

around in 3 clockwise

» direction. Imagine a
tack (T) 1s stuck on the
front tire. -what would be - =
the path of the tack as the

car goes forward and the tire

. goes around? Choose the
~ diagram that Best show the
tack'’'s path. C,

® AN
.

[ > AN
m m

Answer: : - .

.Please explain yobr choice.

' . Results S —

A 2 x 2 (treatment by Cognltlve level) design was . .
) used in the #&nalysis of achlevemnnt and retentlon data .
Suhjects were:*classified as concrete if thelr score on the
-formal thinking test was less than four. As a result,
e 56 subjects were classified as concrete and 33 formal, -
whichzmegns that 63 percent of the subjects were concretc,

supporting previous research results.

. 1
S » . ‘?




The means and standard deviations on the dependent

measures for each treatment group are given in Table 2.

. .

¢ S

*Insert Table 2 abouq here

e o e
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A separate unequal cells, fixed effects ANOVA was com-
puted for each of the dependent variables., A summary of the

ANOVA F-ratios 1is given in Table 3.

-Insert Table 3 about he;e oo

— - - \

None of the treataent main effect measdrestwere signifi- -
cant. Only the posttest results were 51gn1 ficant for the .
main effect of cognitive level, favoring the formal group.
Several interactions were significant, however, and as can )
‘ be seen from Figures la to 1d, the nature of the 1nteractlons -
' were opp051te those hypothesized. As the flgures show,

Insert Figure la = 1d about here

: conrete subjeccts performed better with a.lecturevappfoech

and formal subjects did better with a laboratory approach.

The ihteractions were all disordinal and,were more é}onounged

‘ for the Retention test that the Posttest. On the Retention
test, the concrete subjegts 1in the lecture grodp actually
increased their mean.score over the posttes't, wni}e the'formei
laboratory group maintained about the same mean, poséibly ,
due to-a ceiling effect..- The results appear,to>indicate that
both for short and .long-term rctention, concfete subjects did

. better in a lecture approach and formal subjegty did better

in a laboratory setting.

-
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Discussion
A number of explanations Ere possible for these results.
- First, the laboratory lessons may have required a high level
. .‘. of reasonlng ability in order to attaln maX1mum benefit.

J ) Students worked largely on their own, requiring inferences
about procedures and concluslons to be .drawn. Second, the
content of the units may not have been highly. formal in nature,

i\\maklng a lecture approach ‘the most efflClen8 way to present
most of the topics. The funcation of *he laboratory me thod 1n
this case might have been to prov1de motivation and irvolvement
for formal thinkers, helping them to achieve at their maximal
level. The formalisubjects in the 1ecture;gr6hp may have been

disinterested, resulting in lower achievement. (]

Several potentially important factors emerge from the study.
First, in selecting an instructional aﬁproach the type of
' material must be considered. -Concepts that are not formal may
be best presented via lecture, unless high ability students
need a more enrichedilearniﬁg environment. Also, in using a
math laborétory approach for concrete squects, care muét be
e ' taken to make the procedures simple enough to produce benefit
from experience with concrete materials. Perhaps a teacher- .
directed laboratory is more appropriate for concrete subjects,
in which the structures to be formed are emphasized by the

teacher, while the students experience the concrete manipulation.

.

Further rescarch 1s necessary, especially in view of the

fact that so many of these students do not reason formally

in all areas. Many programs for prospective teachers use the
laboratory approach. More study must be done to determinec
~
“the extent of individual or group work that theege students

sher el b, 9

O
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' 1 'I‘éble 1)

Content Outline of Instructional Units

o €

-

Unit’ ‘ Outline ' Laboratory
Manipulatives
I Reasoning - Inductive and. ' Unit cubes,
- deductive reasoning, cuisenaire rods

- informal proof

N
? e

II Numeration* Decimal and non-decimal : .
- . numerals, operations Multibase blocks
III Natural Numbers Properties'éf natural Cuisenaire ‘rods,
’ number operations : pegboard, unit cubes
IV Whole Numbers Algorithms, factors, " Balance beam, unit
primes, GCF,LCM, cubes, cuisenaire
e ©  inequality - : rods
V Number- systems ' Modulaf arithmetic, . "clocks"/'culsenalre
symmetry groups rods, cardboard '

abstract operations figures

o

*This unit was used to famlllarlze students w1th the laboratory

approach No achlevement data was obtained. .

bl
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Table 3
Anal w10 ot variar e

LRy

for Achieverent To.te

Source af tnit 11 tnxt II1  Urnit I

[ ity

Unit vV Tosttest Retention

1.1 R 1.74 02 .32

1
" »
Cogqg. Level 1 A Jo14d cL b ERSAA .49

- *
Intreractior i S L TGk i, ' '

i, LJa .01 4.434
Resi1dual 2

Treatment
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