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Abstracs

Students in three mathematics classes were assesséd on two aptigudes, field
independence and gen=ral reasoning, and randomly assiyﬁed'to either an
expository or 5 discovery treatment. The expository treatment used a deductive
sequence of instruction and nrovided maximal guidance for the students., The.
discover— group used an inductive sequenée with minimalﬂguidance, and proQided
calculatzz—s <o help students discover concepts and rules indebendentiy,b The
topic of mstruction .nvolved errors in measurement and calculations with
approximaz== data. There was a sigmificant intqracticn with general réasoning
on the r= ..ntion test, as predictec. There were no interactions with field

s

independence.
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Aptitude-treatment Interaction in

Mathematics Instruction Using Calculators

Aptitude-treatment interaction (ATI) research, ggqera}ly viewed as an
outérowth of the work of Cronbach (1957), has turned out to be more difficult
than briginally expected..‘SimpLe hypotheses about matching student abilities

- with appropriate treatments have provenrdifficult to substantiate. Never-
theless, Cronbach and Snow {1977}, in thqif comprehensive review of the field,
confirm that kfI do exist and are important to educational practice.

"Crombach and Snow (see also Snow, 1977) state that the most stable
interactions occur with general ability. AHowevér, there are a number of inter-
-actions in the litérature, especially with inductive and deductive instruction

A (C?onbach & Snow, 1977, p; 320, 371), that co not seem to be related to

. general ability. General reasoning is one of the aptitude variables that is
frequently involved in these mdfe specific interactions.,

In mathematics education research, severalrstudfééﬁhave reported ATI
between general reasoqing and treétments that differed in the use of an
inductive or a deductive‘sequence of instruction (Eastman & Carry, 1975;
McLeod & Briggs, in press). There areAélso’§tudies fhgt nave failed tofind
the exﬁécted:interactions (Behr § Eastman,f1975; Eastman § Behf, i977), but
this may have been because the level of difficulty of the treatments was
not“apﬁropriate for ;Le students.

The_thédrg;icai framework for these interactions with general reasoning

s

is not well established. Cronbach and Snow (1977) note that measures of

’gﬂké}allreasoning are closely related to general ability in mathematics.

k-
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ir. XT1 sy, ..=s, however, general reasoning swsems =o —=mrer: on ‘te differently
from gemneral azpilitv. For .example, tests of peneral —=mscnin: eem to do a
bexter jak c? Jredicting success in a more exmmsitory mmrmctiv- *reatment

tha 1 inductive treatment, the reverse v~ .<hat om .ussml . finds for

mea -ess of merai abilit.y. To explain these =mrteraet;ons, {-romach and

Snc ‘e susgested that a test of general reassoring -~ at oe n- masure of
rvsvalli;. 3 abilitv, or ;achievemené in traditzemal school su c=zcts; therefore,
it  aulul de axpected to prodﬁce steeper regress_on slooy s .~ w-re traditional
dedus  Lvme ‘nstruction (Snow', Note 1), Carroll (Z376€) 53 = tna_wxet the aptitude
of pmherw: -easoning from a different perspect—re, u. int the .mceots of

10 Frn - 904 0T processing theory. From this poirt- of view, gener:l reasoning

as- the ability to perform serial operatiess, ‘wt: ch seems to correspond ~
to 2yvm direct sequence (rules followed ¢ =xampim®s) of leductive
ine SASP™ W

wr cgaxson that Cron_baéh and Snow (19777 :tribute most AT. to general
a. -~ is that it is diffic'ult.‘to separate -~  a2ffects of a specific
ar le from general ability. The-.—c)lifficuﬂ&&*“ witn traditronial aptitude -
Z: =T JCTS 1ed4 Glaser (1972) to call for resesyr wich "néw aptitudes", in- )
¢lw. =g dimensions that are related to persomal:.v variables such as
c-gn:tive styles. One cognitive style variabie, -“{eld independence, has
m==ce ed considerable' attention in educational ressarch (Witkin, ?1§ore,
Goodenough, § Cox, 1977). In a recentb revisior of cognitive style theory_,
Witkin and fGoodenough (Note 2) suggest that commitive restructuljing ability

and pecsonal augfnomy are the two characteristics on which field-dependent

and. field-ifidependent students differ. Treatmemts that provide minimal

Q . a : g
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structure and guidance should be appropriate for field-i lependent stmuemts,
since they can provide their -~ structure and wcrk aut :mously. F.e-d-
dependent stﬁdents, howevef, s vould excgl in -a hi 1ly s:rucghked trea==en*
which provides ca;eful guidance. Some gt;dies ir athema=ics :Sﬁggtiun
haVe found ATI that suppdrt this theoretical pos-—iom (‘tcleod, Ca;Q\ e
cCornack, & Skvarcius, 1978; McLeod & Adams, ir: Y, but otﬁéf st:&i.
have not produced significant :interactions.

N

In summary, ATI research in mathematics edirzticw has found two apt :tude
variables, general reasoni;g and field independence, t-.: have produced
significant inﬁeractions with two dimensions of _sco\:rv :learning, le .

of guidance and inductive insTruction. Thé purmose ot this study was -
search for ATI between these two aptitude variax=:3s anc treatments tha?
differed in hoth levelyof guidamce and in use c= zn inductive or deducz.ve
seduence of instruction. Tae <reatment that przvided a minimalulevel of
guidaﬁqe and used an inductive sequence wasllabeled fhe discovery treatment;'
the expository treatﬁent provided maximal guidance with a deductiﬁe sequence
of instruction. Based on the theoretical packground fér these two aptitude
vériébles, it was predicted that field-idﬁependent sq;dents would do bhest

in the discovery’treatment; while students who scored well on tésté of generai
rea;oning would-gé~bette; off in the éxpository Qroup. Rephrasing this.
hypothesis in tefms.of reg;ession slopes, it was predicted thaﬁ the re-
gression of achievement on field independence would he steeper in the dis-

covery group than in the expository groun, but the regression on general

reasoning would he steeper in the expository group.'.

’

()
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: Method
— '
Subjects

Students “rom three sections of a mathematics course for nrospective

zlementary schiol teachers participated in the study. All three classes met

in the afternerms for 75 minutes on two days eichlweek. About 87% of the 60
stﬁden;s in the classes were women. Complete data were obtainéd for 47 |
subjects, 24 in the exﬁSEitory group and 23 in the discovery group. Other
students were absent for one or mofe days of ingtruction and testing. The
rate of student absenteeism did not appear to be related to differences in
tgé ;featment groups.
Treatments

Two insTructional units were preparéd on theAtopic‘of errors in measure-
ment énd thexr effect on calculations with approximate data. This topic wa§
suggested by ~he Report of the Conference on Needed Research and Development
on Hand-held Calculators in School Mathematics (1976). The treatments in',.
éluded such concepts as précision of measurements, significant digits, anﬁ
their }elationship to adding, suBtracting,:mulfiplying, and di?iding
épproximate'dafaL. Both treatments covggéd e*a:tly the same concepts, and
students were given about the same amsunt of practice in éolving ﬁrbblems.
However, the concepts were presented in different ways in the two treatments.

In the expository treatment, instruction proceeded in a deductive se-

quence, with definitions and rules followed by examples. Students were given
maximal guidance; sample problems were worked out completely before students
were asked to dc similar problems. The problems were chosen so that tley

could be worked easily without a calculator. In the discovery treatment,
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however, concepts-weré presented in an inductive sequence. 3I=udents first
worked out several examplés, using a hand-held calculator whem it was needed.
Students‘were.then encouraged to generalize and produce rules that would
follqw the examples. Although the students were given am onportunity to
discover the rules, the materials did provide the rules to students who did

not discover them independently. In both treatment proums, the teacher was

available to help answer student questions.

Tests

Field indepéndence was-measured-using the Group Embedded Figures Test
GEFT) and a ve;sion of the liidden Figures Test (HFT)}. The GEFT (Witkin,‘
3ltman, ‘Raskin, & Karp, 1971) is.the most appropriats grour measuré_of field
inéependence. The version of the HF1 that was used (Hid¢en Figurss 2--Form
271) was adapted by the'Natisnal Longitudiral Study of Hathgmatical Abilities
(NLSMA) from the original of the Educational Testing Service (French, |
Ekstrom, § Price, 1963); For a complete discussion of this test, see the)
appropriate NLS!NA reports (Romberg & Wilson, 1969; Wilson, Cahen,. & Begle,
1968) . | |

The time allowed for the-GEFT and HFT was adjusted for this study.
Since the GEFT is relatively easy fdr college s%udents, subjects weré'given
fou; minutes for each part, ragher thaq five.' The version of the HFT that
was used wés'rathér difficult, so students were given 15 rather than 10
‘ i

The HFT was used along with the GEFT in order to proque a second
measure of field independeﬁce, a procedure in line with thé multitrait-
multimethod approach to measuring aﬁtitude that is recommended by\Cronbacﬁ

|

Q9]
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and Snow (1977). _ ) \ . .

The most common measure of gené}al reasoning in ATI studies is the
Neces§aryrArithmetic Operations (NAO) test (French, Ekstrom, § Pricé, 1963) .
In ordet to distinguish between scores on the NAO test and general ability,
students were asked to allow the university to release their SAT scores.
Most.studénts agreed to thic requsst, but oqu 28 of those subjects actually

{had SAT scores on file: .

A 2b-item posttest that covered all of the concepts in the urit was used
to measure immediate achievement, A suhset of 10 items was used to measuré
retention. The retention test covered oﬁly the barts of the unit that had
been comfle;ed by mostiparticipants. Fifteen minutes. was allowéd for the
posttest, and seven minutes for the retention test. .

The KR-20-Teliability zoefficients were judged to be satisfactory on
all tests. They ranged from .61 on the posttest to .82 on the NAO.

The HFT and NAO tests were administcred during the first week of ciass

as a part of the regular course procedures. During the middle of the term,

N

90 minutes of class time was devoted to the study.
Students were randomly assigned to treatment groups within each class.
_Students assigned to the disc$very treatmeﬂts were asked to go to a rodm\
equipped Qith calculators. Students in the expository group staved in the
regular-classroom. They were told that +hey would get their chance to work
: with the caldulatofs later, since there were not enough calculétors for the
entire class to use fhém at the same t%me.. Since n§ calculators were nceded

v

- for the expository treatmen*, the lack of a culculator caused no problems

o | L J
ERIC ™\
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for that group.

At the beginningbof the treatments, students were given a brief intro-
duction to the materials and were encouraged to work independently, direct-
ihg their questions.to the teacher. At the end of the first day of the
study, the mater1als were collected and  graded. stt students were not able
to complete the treatments in the 75 minutes.aliowed. The posttest was |,
admiﬁistered two daygalater at the next class meeting. Fcur weeks later
students were assessed again to measure.retentiont On the same day, students
took the GEFT.

Results

Descriptive statistics are ﬁresented in Tables 1; 2, and 3. Table 1
includes the means and standard deviations for all tests; scores ranged
widely among students, but there were no large diffetences between.groups.
Table 2 presents the correlation matrlx for the aptitude and achlevement
tests. Correlations between the NAO test and the two measures of field
'1ndependence were somewhat higher than ore esually expects Also, there was
a strong correlation between the posttest and retention test. Table 3 presents:
the reg;ession equations for each group, using HFT and NAC as predictcrs.

. S . ,
Substitution pfvthe other measure of field independence* (GEFT) for the HFT
_scores produced similar results.

et

Dy 4 e s T G P D T T T e R ep e e e e . T s P ap T e W o ap
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Tests for Interaction

The data were analyzed using multiéle regression techniques. The two
.dependent variabies were trecated separately, For the main analyses, the
full model includgd vectors for ficld independence (lIFT, GEFT, or thez- sum),
NAO, treaﬁment, and the interaction of treatment with each of the apt:=ude
vectors. As these vectors entered the equation (in the specified ordsr),
the change in 3? due to each interaction Qector was calculated. On the
retention test, the interaction of NAO and treatment was significant (see

Table <) and in the predicted direction.

" Y T D kAP = L W m mbm w sy ot D am e el e - e

Insert Table .. .

I

. T MM e s L A it e e e w o a

Figure 1 presents the inveraction of NAO and treatment for the ratention
test. In the figure, the ragression equations are calculated for each group
using the SAO scores as the only nredictor. The slope for the expository L
group was .42; iﬁ“the discovery grou§ iﬁ.@as .09, 'This difference. in slopes

is significant, F(1, 43) = 6.96, p = .0l1.

. - e Sy W T ey e = = = - = == = - e = -

The data were analyzed further.in several different ways. Scatterplots
of each aptitude variable with the two achievement measures were constructed;

in each casc the use of linear models seemed ampronriate.
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Other measures of field independence (GEFT, the sum of HFT and GE?T)

Qere inclﬁded in the main analysis along with NAO. The recsults were
essentially the same as those reported in Tables 3 and 4. There was still

ag interaction with NAO on the rétention test, but not on the posttest, There
were no interactions at all with field_independencéﬁ

Since there Qés ns\interaction on the posttest, it was appropriate to
test for a difference hetween treatment group ﬁeans, when using HFT and.NAO
as covariates. No difference was found, F(ly 43) = .67, E;= .418.,

The impgrtance of class effects has heen emphasized by Cronbach (Note 3),
so the data were reanalyzed taking into account the student's class and
possigle interactions of class with treatment, NAO, and the treatment-by-NAO
interaction. On the reteqtidn test, the intecraction with NAO occurred con-

s . : B
sistently across classes. On the posttest, only one class produced this type
of interaction effect; in the other two classes the NAO slopes were about
the same in both treatment groups.-

¢

Source of the Interaction

The data were analyzed¢ further to determine whether the interaction
with NAO could be attributed to gengral‘reasoning alone, or whe%her it Shouldﬂ
be thaught of as an interaction with generai ability or crystallized abilify.;
The analygis began by  considering the 28 subjects on which SAT dﬁta wére
available. The sum of the verbal and quantitative perts of the SAT were
used as a mecasure of generai ability. Th;re was no evidence of any inter-

action with SAT, either by itself or in conjunction with the other antitude

variables. When SAT and NAO were put in the same regression equation with

the retention test as the dependent variable, the NAO-by-treatméent vector

D]
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.
accounted for about 3% of the variance, suHstantially more than the lo due
to the SAT- by- treatment vector. of course, neither of these interactions
was_Significant, Since there were only 28'sub}ects in this”analysis. However,_
these data proVide some support, for attrihuting the interaction with NAO i

to the aptitude of general reasoning -xather than tu general abllltv*~

Further information on the nature of the NAO interaction was--ohtained
T -/

jby considering the difference of the standardized/scores for HFT and NAQ,

Cronbach and Snow (1977 D. 84) state that two nredictors behave differentlv

e a

if their standard -score difference interacts Wlth the treafnent dimenSion.'

MThe interaction between treatments and difference scores was not i:pificant

‘h(l 43) = l.§7 p.= . 168. The sum of the standardiaed scores for NAO and HFT

§

’-however did interact with treatment F(l 43) = 4 804, D é .034.- Since the
combination of NAO and -HFT should act more like general ability than general

reasoning, the analySis of sum and difference scores proVides some support

i

for attributing ‘the in<eraction to general ahility rather than to the ‘more

specific aptitude of general reasoning

Regions of significance for the interaction renresented in Figure’ l were

calculated in two wayil Following Cronhach and Snow (1077), confidence inter-
. B e : :
vals were computed about- each of the regreSSion lines, using a confidenﬁe P

,‘_,/

vl"\ T

. Sl ~.

lg; therefore, the regions of Significance for this interaction were for

NAO scores of less than 13 and more than l7. These two regions included 550”

T \
e

of the students. - Students WIth NAO scores of 17 or more did hetter in the '\
C

expository'group,-as predicted, while students who scored less than 13

e
v -

-



Araiiox provided by Exic N.Mw“‘ He S i ahe 3 s

Aptitude-treatment Interaction

\ | | 12

v

achieved more in the discovery group.

The Johnson-Neyman technique (Torich, Godbout, §:Wunderlich, 1976) is

another method of:calculating regions of significance. For a level of
significance of .10, this technique found the regions of significance for
the interaction in Figure 1 tc-helalmost the same:as in the analysis using
.confidence intervels. Fc;‘tne Johnson-Ne}man analysis, the uprer region of
Signnficant di fferences included scores of more. than 18. The lower region

was found to be the same as in the analysis using confidence intervals. The

-

fegions of significance in the Johnson-Neyman-analysis included 49% of the

\
AN

students,

a . Discussion

This stndy tested tne"hypothesis'chat ATI would occur between two

aptitudes; field independence and general reasoning, and treatments that, -

d1ffered in d1men51ons of discovery learnlng in mathematics. Field inde-

pendence was exvected to 1nteract w1th the treatments since they differed

o

in the level of guidance prov1ded to the students. General reasoning was

-

expected to interact w1th the treatments since they d1ffered in the use of
; deduct1ve or- 1nduct1ve sequences of 1nstruct1on. The ATI w1th general reason-

ing occurred as ‘predicted on one of the two dependenc variables.  Therefore,

N

.this study helps.to confirm the existence of an ATI that has aoppeared in

Severélfother studies (Cronbach § Snow, 1977;1Eestman:8 Carry, 1975 ;" McLeod P

-

x

§ | Briggs, in press).

| Althqugh a number.of=studie$”naye\found ATI with genecal.reascning,

as measufed by cnefNAO test, it is”still not -clear whecher.this interaction

cén'be'attfibuted to this specifﬁc:antitude, or whether it 'is the result
R | N

of general or cryscalliied abiiity (Caitell,'1971). Daca fromlche present

. \ . s . S -
1IN, (e A S e g 2

T el
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study wer; not cdnclpsive on this point. Fur-her investigation using an
infofﬁation'précessing approach may help to explain the effects of this
*aﬁcitude variable. It seems likely that sequence differences in treatments
may be relqted’tp_fixed; as opposed to flexible{ séquences‘of information
processing. iq this study, it appeared that students with'highﬁﬁAO scores
w&fe less flexible in terms of adapting to instructionuusiﬁg an inductive

-

sgquenée where students were supposed to make generalizations with the

“assistance of,hand-héid calculators. In this interpretation, the ATI of
this studyf%its nicely into Snow ‘s recent work (Snow, Noté 1) on ;he
P ) § - ) ) » S
_-rgla;ionship of crystallized abi{ity‘to ATI.  Since the interaction occurred
only on the retention test, it may bcithaf these diffefenCes-in iﬁfofmation

prpcesiing are only important when they involve rétfieval from long-term

memory.

The éxpécted ATI with ffeld-independénbe did not_occqf. The major reason
for this appeafed.td be fhai_;hg treatments provided more guidance.;han was
originally intended.  This exfra guidance was provided partly becéuse the

- students réﬁuested, even demanded, considerable help from the instructor
iﬁ~tﬁeﬁ;1assr60m. Also; trea;ﬁenté ffequently need to'be "tuned'" in order
to'produce ATI, and'appropriété revisioms 6f7£hévtrea;ments’u§pdbin fﬁis

study coald result in instruction that provides sufficient, but minimal,

- support. Such a revision might produce the expected inFeraction'with field
independenée.

‘In summary, this study identified the expected ATI with general reason-

ing (as measured by. the NAO teét) but nat with field independencé. Further

© Tesearch on the topic seems appropriate. It used to he sufficiént in ATI

y
\
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research just to find an interaction; nc one worried a great déal-about
whether the ATI .-uld be a;tributeé to-a specific aptitude as oﬁposed to
general abilitys - But now mofe detailed information is necessary as

~ researchers try to build a theory df aptitﬁdes ;hd.interactions. 'These

higher expectations seem to be a sign that ATI research is making substantial

progress. - : . -

«?

¢y
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a 'I‘abvle 1
Pjieans. and Standard 'De)./iations of
All Tests fer Each ’Tx_"'éatment‘ Group
’ - faximum |
possible C : Discovéry  Expository
Test scofé. "Répge ~ Mean SD.  Mean .S_D_
HFT 16 0.1 ..3ﬁ§ 3ﬁ 49 33
GEFT 18~ __ 0-18 o 98 45 8.8 5.7
NAO 30 T 32 13.8 3.9 138 4.5
Posttest 20 - 0-1s - .5.9 2.6 6.3 3.1

Retention 10  © 0-9. - 4,6_ 1.5 ° . 4.4% 2.7
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- ' ' .~ Table 2
5 T
Correlation Matrix for All Tests

- e -

Correlation

Test . 1 2 : 3 4

1, HFT . 1.00 .54 .53 .39

2. GEFT 1.00 .43 .50
5. -NAO S1.00,7" L6l
4, Posttest . 1.00
| . ¥
5. Retention
ffffff

’“..
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Table. 3

Dependent
variable Group Infercept
- ‘Posttest FDiscovery' .6é“"“"’”’“'“
) . Expoéifbfy - .08
Retention 'bi;covery : 3.40f

'Expdsitory | -1.34

0o
¢
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Regression Equation Data for Each Dependent Variable

- Regression coefficients

HFT NAO.
e w&
12 Al
.12 f | .64’
08 .38
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Table 4
Tests for Interaction
,DepenQént ' 32 for - _ Change )
variable " full model Source in R F D
 Posttest .39 - HFT X Treatment " ,003 - .20 657 -
_NAO X Treatment - .001 .10 ..753
Retemtion. .41 HFT X Treatment 020 1.25 270
NAO X Treatment .076 5.35 - .026
. .- ‘-
‘-
C
. - "4
-, .
o v .
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) e Discovery: y = 3.4 + .09X
—_ Expository: y = -1.5 + 42X
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Necessary Arithmetic Operations Test
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‘ Figure 1. Interaction of NAO test with discovery and expository

v v e T ot . C ) : ; .
' _ treatments on the retention test. .




