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ThE_EFFECTS OF INDUCTIVE-DEDYCTIVE TEACHING METHODS
AND FIELD-DEPENDENCE-INDEPENDZNCE COGNITIVE STYLE

UPON STUDENT ACHIEVEMENT IN MATHEMATICS
A recurring,theme throughout a vast majority.of thefliterature

written on education in the last ten years has beén the need to indivi-
.dualize education, iCE., to meet the 1 ds of the students at all levels
.of edu:ation=fCronbach and Snow, 1969; . wm, Hastings and MadauS3 l97l;-
Glaser,-l972; Coop and Siéel, 1971). Educators devise and apply instruc-
tional treatments, continually seeking improved results. .One approach

is to search for "the best method of instruction® (Cronbach and SnoW,
1969). But pupils differ and the search for the generally superior method
must be supplemented with ways of adapting instruction to the needs and

bilities of the individual., In fact, "individualization" has become

an educational slogan for _many schools and numerous Curricular materials'
‘However, few of these programs ‘have examined carefully ""the inter-individual -
variability oftthe Learners who will be exposed to their educational stimuli"f
(Coop and Sigelépl97l; p. l§2); ‘Thus, research needs to be done on the-
many consistent;individual differences of students and the interactions
.between~these_differences-and.instructional procedureas,

Within theflast two decades & type of research has emerged which
attempts to lnvestigate how these 1nd1v1dual differences modify treatment
‘effects. (Cronbach, 1957). This type of research is referred to in the
-literature as aptitude—treatment’1nteraction‘(ATI) research, It is based

“on the premise that educators cannot ignore interactions between student

aptitudes and treatments_ but raiher must adapt 1nstructional treatments



&
to student differences. An interactic - sent when one treatment
is significantly better for one type of +. .k, while_a different treat-

ment is significantly better for another type. of student (Koran, 1973).

_ATI reSearch represents an approach to reswarch rather than a clearly

defined research area. The investigationa: ceported have not always

'

produced consistent results (Cronbach and Snow, 1969). However, many
researchers feel that research directed at finding aptitude-treatment

ifteractions must not be discontinued.
. -1 1
“

The aptitude of cognitive stylec has gained the attention of many

‘researchers in recent years, One dimcnsion of cognitive style is that

~

of field—dependence;independence first stud:ed by Witkin and his col-
<leagues in‘l§50 Relative to this aptitude people may be placed along
a continuum w1th field dependence and field—independence at the extremes

~

on the basis of the ease with which they perceive items as discrete from

their backorounds A field independent person perceives all aspects of

h‘

‘his env:ronment analytlcally in that he experiences 1tems as discrete
from their backgrounds, while a field—dependent 1nd1v1dual perceives '

his surrounaings globally. where the embedding field strongly determines
his perception of its parts In- addition to this, people who experience
analytically are alSo better able to structure their experiences _Field—
independent people are more likely than,field—aependent‘people to impose

" dn organization upon ambiguous stimulus materialf(Witkin et al.,‘l962).
This dimension thien obviously embodies bo*th -the perceptual and 1ntellcctua
functioning of individuals; For example students at the extremes of the
field—dependent—independent dimension differ in the mix of coursgs they

take, but not in their overall grade-point averages. Students. who

E)

1



‘as a group are.field-independent tend to-choose eourses in the natural
.. . sciences and'mathawatics (Witkin, l974). ’

In ATl'research, the term treatment lhas heen‘hrondly deFined o
include "variations in structure‘ pacing, style'or modality of'instruction"
(Koran 1973, p. 112). One pair of treatments which has received con-
siderable attention not only in ATI research but in all types of studies

" is the inductive_versus deductive paq&digm. The interpretations given

to thesé'terms appear to vary with each researcher, In the Dictionary of

" Education, inductive teaching is defined as being "based on the presen-
tation to the learner of a sufficient number of specific examples to
-enable him to arrive at a definite rule principle or fact" (Good 1959).
Deductive teaching is defined as” a; method "that proceeds from rules or*
generalizations to examples”and subsequently to ‘conclusions or to the
application of the generalizations" (Good, l959).'IIt is interesting
to note that in the definition of inductive teaching nothing is said

about a statement of the rule or principle. According to this defi-
B ’ - ' . 7

nition, it is not a necessary part of inductive teaching to state the

generagization for the student, or to have him state‘it after;ekposure to
G- ihe examples. In the literature an 1nduct1ve 1nstructional procedure is
otten referred to as the egrule method (example-rule), while a dedugtive
apprcach is referred to as the ruleg method (rule-example) .. r"\\

Few areas of educational research produce as many contradictory )

results ‘as do the studies on 1nduct1ve versus deduct:ve teaching Th
results of studies dating back to the l950's fail to overwhelmingly ’

support either instructional method;




- Hermann wrote an axticle "Learning by Discovery: A Critical Review

of Studies " in 1969 in which he tabulated and discussed the findings bf

-’

research comparing inductive and deductive teaching methods from-l956,
He did, however, also include the:l947 study by Hendrix. He examined =

46 experimental results and categorized these as to whether significance

' was found for criterion measures of early retention,, early transfer, late

- retentidh, .and late transfer. Of the 46 resultf, no significant differ-
o

I o '

ences were reported in 29 of them, twelve showed the inductive method
to be superior on one of the mgasures and the remaining five. showed the

deductive method t> be superior. As a final compar1Son he also classified
. F

the results with respect to type uf material to be Learned Nine results

<,
3

were classified under matnematics with six of these showing no s1gnifi-

cant difference, two fdvoring the inductive method 'where early and
late transfer were "the criterion measures, and one showing the deductive

»-

nmethod to be superior, when early retention was the criterion‘measure ~
. . ~—p
" These results do not show an outstanding superiority of "either method :
and hence indicate that more research needs to be done 1n,th1s_area,
This stddy‘was an_investigation df two,instructional treatments,
.inductive and dednctive‘teaching methodsi ‘In addition to'testing the
main;effects of these treatments, the possible interaction between these
.treatments'and the cognitive style dimension of field—depegdence—
independence was examined,‘ The subject matter that was.taught was
selected'concepts/from transformational'geometry, The criterion'
-~ measures included an overall achievement test whichfcontained knowledge,

-

application, analysis and transfer subtests.
-lon,

6
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METHOD R .

Subjects S ) ‘ ‘.
The sample for this study included those students-enrolled in and
attending the second semester of a course entitlea Modern Elementary .

. Mathematics, a two—semester course deS1gned specifically for students
who are elementary education majors. Two sections of the course wee
’ offered during the second semester of the 1976-1977 school year_and both
[ : A .

.~ sections were utilized in this investigation. The two sections were

randomly assigned to either the inductive or the deductive treatment.

The group receiving the inductive tzeatment had 47 students and the

one . rece1v1ng the deductive&treatment contained 71 students e

Treatments

After.careful consideration of studies on yarious-instructional
procedures, inductive and deductive teaching_methods Were_chosen_for
this study. Introductory material and basic definitions in'trans—h
'formational geometry necessary to the unit were the same in both treatments

he deductive treatment basically followed a rule-example paradigm A
" rule or prinefple was stated and explained for the students, after which
several eAamples were worked by the teacher and students together in
class. The rule or pr1nc1ple was written out for the students by the

teacher while it was- being stated.

The 1nduct1ve treatment followed baslcally an example—rule paradigm

4

In thisytreatment,_numerous examples were worked by the tedcher and .
students béfore a rule or principle was expected. Following the examples,
the students were- encouraged via questions to Eormulate a principle of

their own, HoweVer the formulating of a rule or principle was never'l

A

Q . ' ' )7




done for them Ly the teacher.

'Instrumentsgf‘f/}/ : : -

-8

Te: trans formational geometfry mmits were taught to both university.

classes within the same two-week period, Botli experimental groups

s

received a total of two, hours and thirty minutes oﬁ,instrhétion. CALL

teach1ng sessions were recorded on-a cassette tape—recorder and later

evaluated to conf1rm that the written lesson plans were followed as

closely as was,possible,

>

The Group Embedded Figures Test (GEFT), developed by Witkin and his
colleagues (1954, 1962), was the :nstrument utilized to place the

st‘lulent’s‘ i.n'ﬂlis siudy .'1'long the f.’inI(l—('lnpm‘u]nnt“-'in(l(e|mn('lmn' com? Fr,
ot

Lt was designed to prov1do a bloup vers:on off the 1nd1v:dually admlnlstcred .

Embedded Figures Test (EFT), W1th the GEFT, scores for many individuals
- . < v 3

can be obtained in a single twenty-minute testing session.- A complete

. ,J
disfussion of the test can be found in Witkin, Oltman, Rasking and
Karp, 1971.
The criterion measure for. this teaching unit was an overall )

achievement test., The researcher developed the instrument by consulting

~

- the Taxonomy of Educational Obpjectives (Bloom, et al., 1956) to write

items representing the levels of Bloom's taxonomy. . This compilation of
posS1ble questions was then g1veu to people knowledgeable in matnemat1cs
and education who were.asked to furn1sh suggest1ons " The flnal 1nstru—.
ment consisted of 22 objective.1tems. For_purposes of analy21ng the

data, these items were classified by this researcher, in agreement with

those consulted, into knowledge, application and analysis items based

-
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upon liloou's (10561 1971) criteria. The application and analysis items

were further grouped together for the data analysis'and referred to-as the

»

'transfex subtest,

Results

B - . N W

\An_analysis of variance was employed to test for the main effects

of the inductive ard deductive teaching methods. Tables 1l and 2 '

summarize the results of the ANQOVA data analysis Eor the analysis and

transfer subtests.

e

..—...:._.._.._._—._——\_._._.__._._._._—

| \
. A one—way ANGVA was done on each oE the five criterion measures

(overal achievement, knoyledge subtest application subtest, analys1s

-

\

subtest and transfer subtest). Differences, significant beyond the .05
level, were found between the group means on the transfer and analysis
subtests, Both differences were in the direction.favoring the inductive -
treatment; It .should be noted, however, that these results are not
fndependent since the transEer subtest. was made up of the application and
analysis items of the overall achievement instrument, In all of the &
omparisons the .mean Eor the inductive group was higher than that of’
0 o the deductive group, but only for the analﬁsis and transfer subtests
" were these diEferences s1gnificant
: : . :
Pearson’ produci moment correlation saefficients between the
measures of achievement and betwéen these and-the GEFT were computed
separately'fcr each treatment group. These are.presented in Tables 3

4

‘and94,




[nsert: Tables 3 & 4 dbout here _ T

[t shouLd be noted that nany of the correlat1on CUe(IJC1ents were clgn;—

N f1cant - This was espec1aily true for the. deduct1ve group, whére the -
S ~

. -

Ouly correlat1on not S1gn1f1cant was between the knowledge and appl1—

v cat1on subtests. o

-

- One of the major areas of concern in this'study was the investi-

o .' gat1on of apt1tude—trea1ment 1nteract1ons between the cogn:t1ve style

]

dimension of fleld—dependence—lndependence and the 1nductLve—dednct|ve

v

4 :
instructional procedures, The ATT hypotheses were tested us1ng Linear -
reﬂfession-analvsis For a. g1ven cr1ter1on measure the regresS1on lines

for the two treatments were compared and tes+ed for a. poSS1ble d1sord1nal

’ v'interactionj; N : .
The initial step in testing the intefaction hypotheses.using linear

| regression analysis was to check the appropriateness of the model’ for

the data. First, ‘the standardized residuals were plotted against their

" corresponding X-scoresi- A visual inspection of these graphs supported K

< e N

T the assumpt1on "of linearity across “the subpopulat1ons in each graph.

" a

Furthermore, in "each graph, the oVerall d1stance of the standa1d1zed
reS1duals from the line’ e; =0 didinot change for different X—vaLues.
o .
- Hence the condition- of homoscedast1c1ty appeared to be sat1sf1ed An
_ 1nformaL cneck was made on- the assumpt1on that the Y—scores were normally
rdistributed'about the subpopulation means, 'This was done by\exam1n1ng
uthe,cumulatiwe fiequeney distributions of.-the treatment groups for each:

" of the cr1ter1on measures The d1str1but1ons apneared to be negat1vely

. skewed although not enough to affect the results based upon the use of

" ——the F-st tatistics——— — l _ e
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A test of: the rndependence or randomness of\ the résiduals was carried

out using the NDurbin-Watson stat1st1c; The computed va]ues of the sta11st1c'

. . . ‘
are presented in lable S Eor.Lﬁose cases where inteructjon was-lator Found . .
e ] entd .

As can be seen, tThe hypothesis that “tle residuals are independent was

retained,

Final checks of the approprlateness of the model for the data were F

'stat1s11cs computed to test the departure from linearity of the sub—

population means and the équality of‘the subpopulat]on variances hetween

the treatment groups. 'This analysis showed compliance with the model

./ ° ' 4 . « .

Lor the cr1ter10n measure of overall achlevement and minimal deviation of

e

the equality of the subpopulation variaiice fof the transfer subtest..

o -

~ The”’ regresS1cn analys1s of the'data 1nd1cated strong support

.05« < 1 Eor the existence of a t1tude—treatment interactions
P P

between t1eld—dependence—1ndependence and the 1nstruet1onal procedures

-

for the cr1ter10n measures of overall ach1°vement and transfer Tables 6,
Fe -
7, 8 and 9 present tne statistics pert1nent to these findings, .

<A .4 L i ) . E - - .

. o ) ~ Ton
For both criterion measures, the regression lines intersected within
the range of scores for the GEFT. The graphs of tlie pairs of lines for

each criterion measure are pictured in Figures 1 and 2

o .

o
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The Johnson-Neyman technique: (Johnson & Neyman, 19363 Johnson & Jackson,

-/l

195¢) was utilized to provide informatfon on the regions of significant '

differences for these interactions. A .05 level of* significance wds )
. ‘ ‘ .
shosen, When overall ach1evement was the cr1ter10n measure 1t was_fbund.

'that all 1nd1v1duals hav1ng GEFT scores of” f1ve or below olit of a poss1ble

18 performed better 1f they were talght by the Lnductlve method, Fo%b_‘

other 1nd1v1duals “the choice. of method (1nduct1ve or deductlve) did .
. o\' o ) L
not result in a difference in aohlevement when the transfer subtest

was the criterior measure, further anaLysls oE‘the data indicated that

it they were taugnt by the inductive method For~other 1nd1v1duals the
choice of method did not result in a s1gn1f1cant dlfference in ach1evement

~

| DISCUSSION

. o,

The ATI results of this‘study-are not in agreement with the con- .
Jectures of Witkin et al. (1962) &nd Mess1ck (1970) These-researchers
felt ihat the fleld dependent student would learn: better under a deduct1ve

eachlng method while the f1eld—1ndependent s1uden1 would Learn’ bot1p

1

nunder‘an inductive approach The results of this study 1nd1cate the

possibi llty that the students who exh1b1ted a f1eld—dependent cognitive

L S \ .

(;
style learned more; as measured by the overall ach1evement and transfer

tests, from che inductive. method, Eurthermore for/the f1eld—1ndeperdent
X

. . <
. . . . - »

[N

(54
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students,,the teaching method did not significantly affect achievement,

'_ijhey learned equally well under either method.

These results can be interpreted in the light of some of th?}.

v

characteristics of tield—dependent and‘field—independent-perSons, Field-

dependent people have been found to be more socially inclined than field-.

" independent persons, Fleld—dependent pcople have been found to be more

-socially inclined thdn fieldrindependent people. It could have been that

the field-dependent students in this study achieved:more‘with the inductlve
method, due to the social-interaction it afforded ‘them. In the inductive
method the students spent time working problems and at times comparing

\ L . , e ’ A - .. ’

their solutions with those of:the- students”around thenL\\This was not the

case in the deductive wmethod, Vory Little saclal 1nteractlon occurred
r

'because much class t1me was spent with the 1nstructor statlng and explalnlng

the ruleS'andaprinclples . The fleld—lndependent students however were

not affected by the difference in the amount of social 1nteract10n . )

.,--«

B occurrlng durlng the class periods, - The 1nduct1ve treatment did not

_force, any of " the students to soc1ally 1nteract but, d1d allow it for those

<

who wanted. to do so. The treatments in this respect at least did “not,

 uake a dlfference in the amount that the fleld—lndependent students applled

themselves to the learnlng task. Hence, a pOSS1ble cause Eor “the lack

of a significant difference'on_theﬂcriterlon measures fordthe more - field~-

independent learners was this characteristic of social interaction,

AN RN

TN "

ey



. TABLE 1

‘ . . 12
Analysis, of Variance Summary Table for the Analysis
Subtest for Inductive and Deductive
Treatment Groups -
Source ss df M T i\
Bétween Groups ) 4.8785 1 4,8785 4,148 044
 Within Groups - 136,4435 116 1.1762
Total 141,3220 - 117
TABLE 2
Analysis of Variance Summary Table for Transfer Subtest
‘ for Inductive and Deductive Treatment Groups -

Source ss af © Ms F P-
Retween groups 15.2180 1 15.2189 = 5.130 .025
Within groups ' ;@ - 344,103L 116 2.9664
Total 359.3220 117

TABLE 3
Correlation Coefficients within Inductive Groupa
. €orrelations
Instrument 1 2 3 4 - 5 " .6
L. GEFT - .29% 22 27* .09 L25% 4
A 2, Overall Achievement —_— — — _— _—
3_1anwLedﬁe —— L45%* .10 .39*
4, Application _— . -=.05 —_—

5. Analysis

6. Transfer

o 3

ay = 47-

14

b;

w

‘)a,;; *Significant at the .05 Level S



TABLE 4 13
Correlation Coefficients within Deductive Group?
~ Correlations
- Instrunent 1 2 3 4 s 6
1. GEET -— 54* LAL* 37°% 39% LAT*
2. Overall Achievenent —— : _— —_— — _—
-— .17 36* 33%

3. Knowledge
4, Application
5. Analysis

6. Tfansfen

€

ay = 71

*Significant at the ,05 level

TABLE S

values of Durbin-Watson Statistic

Independent Variable

Durbin-Watson

Statistic
(werall Achievement’ . _ a
Inductive Group L.90,
Deductive Group _ ° ' : 2,27
Transfer _ '
~ *Inductive Group C ' 2,24a
Deductive Group ‘ : 2.40° )

a_ .. .
Crifical value at .05 level of significance is D £ 1,29

b : :
~ Critical value at .05 level of significance is D £ 1,43

A n

s
5

\

in 2.



TABLE 6

ﬁfva—*\\Regressioh ANOVA Summary Table for (verall Achievement Test

Source , Coss adE
Regression ) £
Inductive Group | 13.65008 ‘ 1
- Deductive Group . 130.90523 ‘ 1
Residual |
Inductive Group® : - 151.62651" 45
Deductive Group © 318,08069 - 69
Total | - ,
Inductive Group 165.27659 y - 46
Deductive Group.. 448,98492 - ' 70

V11PN A

il

 Statistics for Regression of Overall Achievement on GEFT Score

Statistic o ' ' ~‘Value

Correlation Coéfficient, R

-Inductive Group oo _ : - - . .28738
Deductive Group _ : , . .63996

Correlation Coefficient Squared, R2 _
Inductive Group ' : . . /08259%

~ . Deductive Group. Co ' L29156 %%
Standard Error of Estimate, Ciy‘x o
 Inductive Group . - ) ' 1.83561
Deductive: Group . : - 2,14706
Slope of Regression Line, b- _ ‘
~ Inductive Groyp | o S 12262117
Deductive Group _ T .276007 34

Intercept of Regression Line, a

. Inductive Group ' S 17.373582
. Deductive Group | 15, 331760




‘&L

TABLE 8

Regression ANOVA Summary Table for Transfer Subtest

15

Source

'df"

' 8S
Regression o
Inductive Group _4,56602 1
Deductive Group 61,36709°~ 1
Residual
Inductive Groujs 66.,07228 45
Deductive Group . 212,09770 69
Total
Indu@tive Group 70,6383 46
Deductive Group 273.46478 70

TABLE 9

.Statisticsffor'Regnession—cf_Transfer Achievement on GEFT Score

Statistic n Value
Correlation.Coeffiéient, R ; . ; ’
Inductive Group L . 25424
Deductive Group 47371
Correlation Coefficient Squared;,R2=
Inductive Group -, 06464%
Deductive Group «22441%%
7 ~
Standard Error of Estimate,oghx .
. Inductive Group = ' 1.21172
Deductive Group 1.75325
Slope of Regression Line, b .
Inductive Group .(0709196 59
Deductive Group 18897741
Intercepf’of Regression Line, a R
Inductive Group 9,3403019
Deductive Group -7 .

.6000787

L% :“[.) = .085 ¥ ' =

*%p = 000
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