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FINAL TECHNICAL REPORT

The Role of Cognitive Style in the Lenrning of Hathematics

Much of the résearch on instructiqn ;; mathematics has tried to prove
that one kind of instru;tid% is superior to another for all students.’ Such
research generally has nat bheen very conclusive., :Rather than hypothesi;ing )
the supgrioritf of a single treatment for all students, we believe that

different students will do best in different types of instrhctidn, depending

[} .
!

on each student's characteristics. The problem of matching instructional

- n

o
treatmenits with student characteristics so as ¥o maximize learning has ‘come

to be called the Aptitude-Treatment-Interaction (ATI) hypothesis. For a

sample graph of an ATI, see Figure 12 As the figure indicates, a student

H
-~

with a hiéh aptitude -scure .saems to learn more in treatment 2, while low-

aptitude ‘students do better in treatment 1.
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- Figure 1. An example of regression lines that show an
Aptitude-Treatment Interaction
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ATI research, generally viewed as an outgrowth of the work of Cronbach
(1957), has turned out to be somewhat more difficult than was first antici-

pated. The initial choices for aptitude variable§ frequently turned out to
N 4

{
be inappropriate and unproductive. Also, it is difficult to produce treat-

ments that are about equally effective, and still distinct enough to pro-

A N "

duce different results with different students. Nevertheless, CronbﬁEh and
Snow (1977), in their comprehensive review of the field, confirm the existence
of ATI in a variety of settings, and conclude that "ATI has come of age"

(p. 524).

Previous Research: M

Qur ATI research program at San Diego State. began by looking at treatment
. ° . - ' . ) L T
di fferences that are important in mathematics, especially dimensions of

instruction that are related to d{scovery learning. Then we identified
.~ individual difference variables that seemed likely to predict differences

in achievement: in discovery or expository treatments. In our search for

3

relevant aptitude variables, we tried to select onlv thosé that had a strong
theoretical foundation. So far we feel that this apprsach has heen quite

successful. ,

3
¢ "

We began by considering Witkin's work on field independence. This

»

dimension of cognitive style has been the focus of a large number of research

studies for 30 years, but its implications are just now becoming more widely
: ’ . B . . N .

. known (Witkin, Moore, Goodenough, & Cox, 1977). In the ls*=st revision ofl
the theory, Witkin_ and dbodenough (Note 1) characterize field independence

as "autonomy of external ‘referents.” This autonomy is expressed in terms

¢
@

.
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of two different types of ability, restructuring and interpersonal com-

‘ 4

petencies. Field-independent students have greater personal autonaomy, and

“they ténd to do better in cognitive restructuring tasks, especially thoge

”

“that require disemheddingfa‘harxicular figurelfyom the surrounding field.

llowever, this autonomy in field-ingependent students seems to hamper the

deveiopment of interpérsonnal competencies and social skills. Field-dependent

a

students, while they are less autonomous and weaker in cognitive restructuring,

@

appear to be st}onger in the area of ihterpensonal competencies.

Differences in abilities and preferences between field-independent and

field-dependent students are related to.at least some aspects of discovery

iearning in mathematics. * In our first study, for example, we found a signi-

ficant disordinal interaction hetween field.ihdependence\énd'the level of

~

3

guidance of mathematics instruction (HcLeod.'Carpenter, McCanadR, &

Skvarcius, 1978). As predicted by the theory, figﬁdéindependent students

-
o

did significantly better when the treatment provided hinimal guidance, while *
field-ﬁépendent student§ seemed to learn best‘under conditiéns of maximal
guidance. This result was confirmed in a later study using similar materials
and pro;edures (McLeod & Adams, in press-bj.

In another étudy, we investigated the relationship of -field independence
to aldifferent'dimen;ion of discovery learning--the use of inductive and
deductive, sequences of instruction (McLeod § ﬁriggs, in fress), In this
case wé found an intgracti;n between field.indepenaence and the sequence of
instruction on only“one of four dependent variableg. Since the treatments

used programmed materials (on the topic of equivalence relations), all

students received a high level of guidance, which appeared to reduce the

e . o
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internction with field independence that we were expecting, . lHowever,' thore
was a distinct pattern of interactions bhetween the treatments and neﬁcrpl
reasoning ability. These interactions were in the same direction ns that’
found by Eastman and Carry (1975). 1t is difficult to know at this point
whether these 1nteractlon° can, really he attributed to general reasoning

ab111ty, or if they are the result of other variables like crystallized

intelligence (Cattell, 1971) or dlfferences in 1nformatlon processing

-

strategles (Snow, Note 2). But the results of our first three ATI studies
[ fl W
were certainly encouraging, and further research seemed appropriate.
I

a

5

Studies .Conducted linder Grant #SED77-18531

-

During the period of the grant we continued to 1nvest1gate the relation-

thp of 1ndJV1dua1 dlfferences among college mathenatlcs studentq to dlscovery

and expository instruction, We also searched for 1nteract10ns with Personalized

Systems of Instruction (PSI),. and- conducted a number of exploratory and pilot

™

studies. The main studies will be summarized briefly here; for a complete

report of each study, 'see Appendices A through F. The investigations deal-

A 3

1ng with the relationship of 1nd1v1dua1 dlfferences to dlscovery and expository

instrué¢tion will be discussed f1rst.

q

]
Main Studies on Discovery Learning

The studies conducted under this grant concentrated on the relationship
of field-dependence-independence and general reasoning ability to treatments

that varied in dimensions of discovery learning. These studies were all

preceded by pilot testing of the treatments and achievement tests, and

: .
" . ' 8
N




approprinte rovisions of these materinls, In all studies, atudents who

were enrollod in a college mathematics course were randomly assigned to

, two treatment groups, -.JThe treatments wera cdnducteﬂ during regular clhss
time. Dependent variables generally includqd measures of immediate achieve-
ﬁent and .retention, Data were analyzed through the use of multiple Te-
‘gression technidues.

The, first study to be discussed is '"Aptitude-treatment Interactions in

‘

Mathematics Instrudqidﬁ Using Calculatorsx (see McLeod § Adams, Note 3, which

is attached as Anpendix A). In this study\students were assessed on field

independence and general reasoning, and randomly assigned to either dis-
covery or expository instruction. The discovery treatment used an inducgtive
sequence of instruction and provided as little guidance for the students as

was feasible; calculators were also rrovided to help students discover con-

. o

cepts:and rules independently. The expository treatment used a deductive se-

@

queﬁce of instruction and'p;pvided maximal guidance for the students; this
treatment was designed so that calculators werq.not needed. The topic of
igétruction involved“errors in measurement and calculations with approximate-
data. | |

The hypothesis tested in this stud& w&s tﬁﬁt both field‘independence

and general-reasoning would interact with the treatments, and that these

-interactions would be in oppbsitﬂ " rections, as they were in the study by
McLeod and Eriggs (in press). The results confirmed only part of this

* s
hypothesis. There was an interaction with general reasoning, and it was

2

in the predicted direction. Students with high scores in general reasoning
. 3

did better in the deductive expository treatment than in the inductive dis-
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covory trcntmnnt; for ﬂtudcntﬂ with low- scores in penorul ronﬂonlng, tho
situatnon was reversod (see Figure 1 in Appendix A), producing the desired
disordinal interaction. There were no intornctions with field independence,
protnbly because the treatments provided a hlgher level of guldunce than
was originally intended.

Three other studios\all-nsod different versions of a unit on networks
as tne topic of instruction, The first of these studies, 'The Interaction
of Field-dependence-independence éhd the level of Guidance of Mathematics
Instruction”: is reported in full in Anpendix B. (See also Adams § McLeod,
in press). This study tested thethypothesis that field independence would
interact witm treatments that differed in tne use of high or low 1evels of
guidance. Students were assessed on field independence and also. on a pre-
test that measured the1r ach1evement 1nva prerequ151te course, Th1s type
of pretest can be considered a4 measure of crystallized ab111ty or, (possibly)
general ability in mathematics.

Analysis of the data indicated that there were no interactions with
field independence in this study, :Instead, there was an interaction with
the preﬁ%ﬁt. This interaction indicated -that students who scored well on
the pretest did better in the high guidance group where a more trad1t10naL
exp051tory mode of 1nstruct1on was used., Students with low scores on the
pretest achieved about the same in either treatment group. Snow (Note 2)
has recently reported a]number of similar interactions with measures of
crystallized ability. .

Since the high- gu;dance treatment seemed to be somewhat easier for most
students than the low gu1dance treatment, a setond study on the topic of

’
. e
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networks was condugted (McLeod &§ Adams, in pross-a, attached as Appendix (¢,

"Individual Difference in Cognitive Style and Discovery Approaches to
Learning Mathomatics"), TFor this atudy the treatments wero expandod to
inc}udo more concepts and more nrohlems; and slightly more structure was
provided in the low-gyidance treatment, Instead of using the protest
which had produced the interaction in the earlier qtud; (Adams ﬂ Mcl.eod,
in preqs), students were assessed on measures of general rensoninp and

general ah111tv, as well as on' field independence. (leneral rensonlnp was
used because it~ had heen an importnnt variable in some earlier ATI studies,
-
and hecause it could-be assessed using only 15 minutes of clnss time in
' h ., T

4

.contrast to the pretest which took 59 minutes. (General (or crystallized)
N ¥

. ability was assessed by u51ng SAT scores that were avallable in the records

-
-

“of the university,

-

There were no interactions with any of -these aptitudé measires. “Al-
though there was a tendency toward'steeper'regression:slopes in the low-
guidance treatment, the differences in slope were qu1te small There were

substantial dlfferences between the treatment groups. however, students 1n

~ the high-guidance treatment scored significantly h1gher on both the posttest

and the retention test.

4

-
E)

Follow1ng another revision of the unit‘on networks a third study was

2

nconducted 'The Interactlon of Field Independence with Small Croup

Instructlon in Méthematlcs” (McLeod § Adams, in press-c, in Appendlx D).’

&

‘For this study, only one set of pr1nted~mater1als was prepared. This.time

the treatments differed only in whether the students worked together in

4 -

small ‘groups rather than working individually. The printed materials used
- . N - v N )

A
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an induetive sequence of instruction which was dasigned to anconvage stndent
dlscovery, Students in the small-growp traatment wovked tagather in making
di&cﬂvoﬁlﬂﬁ: in the other troatment, students workoed tndividually and askoed
the teacher for help when they had dfficuley,

Since Fiuld—dopondont students are more adept at working In groups than
fiold-independent studonts, it was hypothesized that the small-pgroup «ooag -
ment would be more effective for field-dopendent sfudonts. However, the

results of the study did not support this hypothesis. Field-dependent

students appoared to do hotter in the individual trontmox- they had

‘more guidance from the teacher. Several significant aptitude-trentment

iqteractioﬁs occurred in the data with measures of both field independence

and general ability, For all interactions, students with high aptitude

scores did better in the small-group treatment, indicating that any inter-

action ‘effect was nrohablyv due more to general ability than to field
o 3 ) '-'(
independence. Y

Students were also asked to evaluate the unit on networks. Since the
prinied materials were exactly the same, any diff-rences in thel evaluation

should be aue to the use of small-group as opposed to individual work. No

interactions occurred when these student ratings were used as the dependent

.variable, but. there was a §ignificant mreatment effect in faQor of the

':small-group treatment, ) _ . .

There was substant1a1 difficulty in all three network studies in f1nd~
¢
ing the predicted interactions with: field independence. When 1nteract10ns

d1d occur, they seemed to be die to general ability as much as to field

w
i

Jndependence. Part of the problem seems to be the similarity of the content

IR P



of Ehe‘networks unit and the content of the items on the typical measures

of field independence (the Group Embedded Fipures Test and the Hiddén

Figures Test). Since similar skills are used in each case, field independénce
'predicts achievement rather well in all kinds of treatments. Other problems
in measuring field independence have heen noted elsewhere (e.g., Cronhach &
,'S;ow, 1977); Witkin and his colleagues are aware of the difficulties in

measuring field independence, and continue to work on this problem (Nitkiﬁ

& Goodenough, Note 1).

Personalized Systems of Instruction

Although the major work of the grant dealt with the interaction of
aptitudes and treatments that differed in the use of discovery methods,
we did conduct one study of possible interactions with Personalized Systems

&

.6f Instruction (PSI). A PSI course which.used self-pacing, frequent testing,
and studenf’tutors was.coﬁpared t§ a traditional lecture-discussion approach
to»thé same content. The study co&ered one- semester's wérk in intermediate
algebra as taught to college students. The aptitude variables that were
used in the study were general ability, field independence, and locus of
control. (See Appendix E for a complete ‘report by McLeod § Adams, Note 4:
"Ind1v1dual leferences in Mathematics Learning Through Personallzed Systems
of Instruct1on.") ' : ' / _- , . ‘ - ”

There is some support in the literature for an interaction effect
between general ability and PSI. The nature of this interacéibn i; th;t

low-ability students tend to do better in a PSI treatment, where they get

O . . 4
extra tutorihg and other instructional support; high-ahility students seem

A

-.- ) ._ ﬂ13 | .
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to do equally weli in either PSI or lgctureﬁclasses. We pfedicted that
field-independent studenté would do hetter in PSI than in lecture classes,
sinFe PSI requires students to do more work independentiy} Finally,xwe
hypothesized that students with anbinternal locus of control would do bhetter
in PSI instruction, wﬂere-students are expected to take responsibiljty for
their own learning; students with an external locus of control were thought
to he better suited to the traditional lecture class qpere the teachér
~ takes more respongibility for siudent progress.
Althoﬁgh no significant ihteraétions occurred in this study, there was
some subpbrt for the bredicfed interactions with general ability and with

2

locus of control. Differences hetween regression coefficients were in the

>

predicted direction. There was no evidence of any interaction when field

-

indevnendence was used as the aptitude.

By

Internal -External Locus of Control-
Locus of control was investigated further in three other studies (see:

. MdLeod § .Adams, Note 5, in Appendix F, '"Locus of Control and Mathematics

- Instruction"). Students who pafticipéted in the three studies (see Appendices‘

A, C, and D) were assessed on a measure of locus of control, and the data from

those studies: were reanalyied using locus of control and general ability as

Y

the aptitude variables. Of the three dimensions of discovery learning that

were used, only small-group instruction produced an interaction with_locns
of contfql. Students with an internal locus. of control seemed to learn more

H

in small-group instruction, but students with an external locus of control

appeared to do better in individual'instruction where they received help

2

,froﬁ the teacher.

e

CoT1e
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The}e were no significant interactions when the tréﬁtments différed in
level of guidance, but there.was a trend in the expected direction. The
regression coefficient for the locus-of-control scores was consistently
greater in the low-guidance treatment, suggesting that students with an
internal locus of control may learn more in a discovery-oriented treatment
rather than under expository instruction.

Treatments differing in the use of inductive, rather than deductive,
‘instruction prbduéed no sign of an interaction with locus of control.

&l

Pilot Studies

) 5 i e - i .
In addition to the main studies discussed above, a number of other pilot
studies were conducted. The purnmose of these studies was to test the

feasibility of expanding our earlier work to new treatment dimensions or -

e

to new aptitude variables.,

-~

n v

" The first of these studies was an attempt to lonok at the relationship

¥

between field independence and an open-ended problem solving task. Students
o - N S ! . '
from five classes for prospective elementary school teachers participated in

the study. Students were not randomly assigned to treatment groups and.one
o : )

instructor conducted the study aided by the regular classrd%m‘teachefs.
Prd

The hypothesis was that-relatively field-dependent students who received

training prior to working on an open-ended. problem solving task would do
better than those who did not'feceiVe trainingr' Relétively field-independent

students were expected to do well whether or not fhey received any training

v

and they\were also expected to do hetter than relati?ély field-dependent

as

.students.
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The open-ended problem solving task consisted of making as many different
three-dimensional geometric figures (pelyhedra) as possible from geometric
shapes (tr1ang1es, squares, and rectangles) which had been prov1ded for the
student. Some of the students (N=50) were shown examples of pr1sms, pyramids,
the regular polyhedra and combinatibns of these prior to working on the task.
These training sessions were done in a large- -group sett1ng The rest of the
students (N=39) .were not given® any training prior to the task. Some of the
students in each class worked in sma11 groups and others worked individually.
Some students also participated in a similar task a few days pr1or to th1s
one. These factors were 1gnored in the present analysis.

The H1dden Flgures Test (”FT) was used as the measure of field-independence
and the numher of three- d1men51ona1 figures created- by’ each student was used
as the dependent variable. © Treatments were deFlned as tra1n1np and no tra1n-u.

ing. In a mu1t1p1e regress1on analysis of the ,data using vectors for HFT,
treatment, and-the 1nreract1on of treatment and HFT‘ no 1nteract1on occurred
and only about 5% of the variance was accounted for by the HFT. The Te-
o gres51on equation for the treatment whlch included training was G = 7,97 ¢
.24H where G is the number of geometr1c f1gures created and H is the HFT
score. The regress1on equat1on for the treatment which d1d not 1nc1ude tra1n—
_1ng was G = 7,67 + ,18H. )
Results from this study. were not conclus1vé Altnougn.the'HFT'and per— o
formance had a poS1t1ve correlation of .22, a spatial visualization test
might - be more appronr1ate for predlctlng performance in this type of task

Greater detail about procedures used in th1s study can be found in the 1979

'master's project paper Pprepared by June Dand11ker at San Diego State Un1vers1ty.
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_ Another pilot‘study investigated the possibility of developingr
1nstruct10na1 un1ts on the topic of "Mathemat1ca1 Systems” Loncepts in-
cluded-in the unit were related to propert1es of finite mathemat1ca1 groups.
The two treatments that were prepared used either discovery or erzsitory
approaches to the.same content. Tbe“discovery treatment- used minimal guidance
and physical materials.to enhance student discoverv.‘ The expository treat-
ment.provided maximal guidance‘and presented all concepts symbolically,
Pre11n1narv trvouts of these. mqterlals indicated that the nreseatation was

! too difficult for our students, and a major study was not attempted.

A third pilot study was conducted to determine the possihle utility of .
measures of state and tra1t anx1ety in ATI stud1es in mathematlcs. Fronbach
and Snow (1077) have noted that maasures of anx1ety have produced a numher'
of important results in ATI stud1es, and they have recommended further
research using anx1ety as an aptltude var1ab1e. There are several measures
of anxiety that are now ava11ab1e, but the instrument that seens to have the
strongestatheoret1ca1 support is the’ State-Tra1t Anxiety Inventory (STAI)
of Splelberger, Corsuch and Lushene (1970) The STAI consists ‘of two
scales, the A-Trait scale is designed to measure a general disposition to
percelve c1rcumstances as threaten1ng, and the A- State scale assesses

.feellngs of. apprehen51on or tension assoc1ated w;th a part1cu1ar 51tuat1on.
: )

The STAL was adm1n1stered to. 30 students, 1nc1ud1ng 15 who had
1dent1f1ed themselves as being anxious about mathematics and 15 who Were
identified as mnot belng anxious.’ The math-anx1ous‘group was randomly

selected from the partlclpaﬂts in the Mathematlcs Anx1ety Clinic at San

Diego State Un1Vers1ty in the Spring Semester,,1978 Part1c1pat1on in the
/ .

17
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Clinic was ent1re1y voluntary and'open to any students who identified
themselees as math-anxious--i.e., one who avoids mathemat1cs and is fearful
of pathematics classes. The other group included 15 students from the fourth
semester of a sequence of courses in mathematics fir elementary school
teachers. Since this course was not required, these students were not -

avoiding mathematics and were not generally fearful of the subject.

The A-Trait and A-State scales of the STAI were*administered to both

> groups on a-voluntary basis The A- Tra1t scores resulted in i mean of 41

and standard dev1at1on of 12 for the math -anxious group compared to a mean

of 33 and standard deV1at10nrﬂf 7.2 for the non-anxious group. This difference

ta

L€ ’
in scores was sighificant t(l 28) = 2,43, p = .01. Compared to other groups
of college students, whcre the mean on this scale 1s typlcally about 38

(Spielberger et al., 1970),wthe math-anxious group also scored relatively

high. , ;

On the A-State scale which measures the student's level of anxiety in
[ ¢

the environment of the mathematlcs “classroon, the math -anxious  group had a

S' -\

_méan of 52 w1th a standard deviation of 14, whi;» the other group had a

‘.
< W i

mea» of 32 with a standard deviatfon of 7 3. In this case the dlfferences'
beiween the. tWo ‘means was a15o slgnlflcant t(1, 28) = 4 .83, 2.< 001 Even

though we recogn1ze the fact .that theSe s1gn1f1cance tests are be1ng

.app11ed to data. that do not satisfy all of ‘the assumntlons of the statistical

model these fesults seem reasonahle and help to confirm the usefulness of

4

, -

the STAI in- 1dent1fy1ng studesnts who suffer from anX1etv in mathemat1cs

vclasses.~ Therefore “We' suggest that the. STAI be used 1n ATI stud1es 1n

mathematics, along w1th other measures of anx1etv that prove to be appropriate. -

.
L4 ’ -

-



Comparison of Work Completed with Work Proposed

Figure 2 is taken from the original proposal which resulted in Grant
#SED77-18531. The figure summarizes the studies that we proposed to do

under this grant. In this section we will indicate the extent to which

‘we met our proposed goals.

.
<

ComponentuA, Discovery with Cafculators, was completed as planncd. - The
pilot study was relatively successful and the hain study (McLeod & Adams,
Vote 3) is reported in Appendlx A. This'paoer has been accented for pre-
sentation at the Annual Meetlng of the. Amer1can Educatlonal Research
Association 1n San Francisco during April 1979, and it has also heen sub -
m1tted to hoth the ERIC system and a research 1ourna1. N

Under Corponent B, Dlscoverv with ths1ca1 Materials,. we completed a

pilot study (dlscussed above) that 1nd1cated our materials were too difficult

- for the students who'Qere intehded to be oor subjects. 195 a‘result, no
fu;ther studiee were conducted in Component B: ( - 4

Three studies-were completed as a part of.Combonent C; Networks; Reports
of these stud1es are 1nc1uded in Appendlces B, C, and D. Two of these papers-
Qere accepted for presentation at. the 1978 and 1979 Annual Heetlngs of the
Natlonal Councal of Teachers of Mathemat1cs~(1n San D1eg0‘and Boston, re- |
Spectivelyg and‘ali thtee have]been'accepted‘for publication»(Adaﬁs'é McLeod,_
in press; McLeod §& Adams, in press-a, in pfess-c). |

We completed more work on Component D than the original proposal called
'for. The report of this study is 1nc1uded 1n Appendlx E, and it has been
submitted to a Journal for publlcatlon (McLeod & Adams, Note 41.

N ... No replications were completed as a part of Component F. Treatiients

19




Combonentss Sept. Nct, Nov,” Mec. Jan, Feh, ‘far, Aoril ‘fay
At Discovery with Developnent and - Conduct Exreriments
Calculators Pilot Tosting 7
v > "
B: Discovery with Develonment and . Conduct =  Exmeriments
Physical Materials  Pilot Testing -
w >
74
C: Networks Revise ~ Conduct exnerinents )
b >, ' ‘
D: PSI Development and Pilot Testing
. .' | N
5 : ; e
E: Replications Conduct Exneriments «
Analvze Data and Vrite Reports.
; *
F: Explorations =~ DNevelopment and Pilot Testing -
. : A N
7

1977-78

’ L]

June July  Aug,

]

Analyze Data and
Write Reports

>,

Analyze Data and -
Write Reports:

« Analyze Data and Write Reports

b,
/' v

Figure 2. Schedule of‘activities.

¢
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.

from other*ATI studies were either not available or not appropriate for .
. N B - ¢
our students. '

_A numBer of exploratory and pilot studies were comnleted as a part of
Component F. The pilot studies.of ﬁroblem salving and measures of mathe-
nmatics dnxiety.nre'discussed above . Also, three studies of locus of control
are reported in Appendix F; this paper has also been “submitted to a journal
(McLeod § Adams? the 5)..

N'In summary, work in four of the six compoﬁents (A, C, D, F)_outlined
‘in Figure 2 met or exceeded the goals set in the proposél.,,This.yofk.hasf. .
reSultgg in six papers, ihcluding four accepted fér‘puﬁlication‘in.pro-

fessional .journals or for presentation at national meetings, and two sub-

'

mitted for publication, but not yet accepted.

-

. Conclusions and Recommendations B e S >

The éogni;ive style variable of field-dependence-independence has pro-

T

duced a numberqu significantrinteractions, but not consistently in all studies.
' e ' 4 - oL

Given the difficulties of doing ATI research, some lack of fegularity in reach-

ing a .05 level of significance is to bé'éxpected. . Since ‘studies with a
) reasonable amount of power are prohibitively expensive, and since so many
instructional\variables are difficuTt to Eontrolﬁ ATI research will continue

to have prohlems wi{h\repiications. Nevertheless, ATI research on field

independence and level“of guidance seems promisin . It appears that studies
P £ gui P g, PP |
: ~ cl L -

3

in which the treatment uéeg\ngrﬁgeometric content” are likely to be more
. ~N o . : .
successful Ehpn those using geometric content. However, when more adequate

measures Qfﬁfiéld,indepeﬂdence'are«deVelqped, the content of the treatments

N




. 5 NS
may become less important.

Another difficulty+in doing research on field independence is its il1l-
defined relationship w1th general ability and fluid ability. More research
on this topic is currently being done by Witkin and his colleagues, and the

results should. provide alternative instruments for measuring field-dependence-

independence that will be useful in ATI studies:

The " 1nteractions that have occurred between ‘general reasoning and in-

° 1

ductive 1nstruction prov1de another fruitful line for further research. The
results of these studies are subJect to varying theoretical 1nterpretations.-w

It is p0551b1e that crvstallized ability, rather than general reasoning, is,

k)

actually the operative variable 1n these stud1es. It 1s also poss1b1e that

tests of general reasoning may. actually be described more accurately in

"

terms of an information processing model. For a more thorough discussion of
e these possible theoretical posiéions, see Appendix A In any‘case " more
research on the relationship of general reasoning and ‘inductive 1nsﬂ’uction
is certainly needed. - h | s N
Finally, 1nterna1 -external locus of control is another variable that’
~warrants further study.  Again, there are~diff1cult1es invassessing'this ,,,,,,
dimen51on, but the 1nstrument"develoned through this grant seems particularly
-appropriate for asse551ng locus of control in mathematics classrooms.
¢ . .
' Differences in locus of control seem important in small- -group 1nstruction
and in PSI classes, other instructional variables such as level of guidance
may also 1nteractOW1th locus of control " More research on this variable is .

«needed to assess 1ts 1nfluence in mathematics 1nstruct10n.

For a more thorough discu551on of the work of this pro;ect in relation
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to other ATI studies, see Appendix G, ”Recent Research on Aptitude-treat-
ment Interactions”. This paper was:presented at the 1979 meeting of PrOJect
D1rectors sponsored by the National Science Foundation Division of Science

Education Development and ReSearch (McLeod, Note 6).

v In summary, this project has produced significant aptitude-treatment

interactions with three different aptitude variables. Further research is
needed on all of these aptitude~variables, and on others (e.g., anxiety) which

4 <

have not yet been thoroughly 1nvest1gated in the context of the mathematlcs

ulclassroom. In the last two decades the d1ff1cult1es of dolng ATI research

o

have become all too clear, and many researchers in mathematlcs education
L}
- .

have come to. believe that no progress can be made on the NTI problem of

-
3

matchlng instructional treatments and- student characterlstlcs so as to

a

” optimize achievement., But the results of thls project, alon? with current s
* studies that refine our conceptlon of aptltudes, show that ATI research

still holds _great promlse as a means oF 1mprov1ny our understandlng of the

T \

teachlng and learnlng of mathematics,
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’ . i N

et e oo Abstract_ U , R

Students in three mathematics classes were assessed on two aptitudes, field

.

independence and general reasoning, and randomly éssigned to either an

expository or a discovery treatment. The expository treatment used a deductive ,

-

sequence of instruction and provided maximal guidance for the students. The -
diséovery'group used anzinductive sequence witﬁ miniméi guiaance, ;hd providga
. calculators.to help students disco§ér concepts and rules independentiy. The
‘thiF of inStEuction involved érrofs in measurement ana calculations with
approximate data. Theré was a signifiéant interaction with_genefal reasoning
on the retention test, as pfedicted. There were no intérac;idns with field

independence. .

Aruitoxt provided by Eic:
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2.

Aptitude-treatment Interaction in

.<¢mi;»/—iiMafhemaiicsmInstruction»USing~Calculators R

.

Aptitude-treatment interaction (ATI) research, generally viewed as an
' ey -
outgrowth of the work of Cronbach (1957), has turned out-to be more difficult
than originally expected. - Simple hypotheses about matching student abilitiei

with appropriate treatments have proven difficult to substantiate. Never-

. theless, Cronbach and Snow (1977), in their comprehensive review of the field,

confirm that ATI do exist and are .mportant to educational practice.

Cronbach and Snow (see also Snow, 1977) state that the most stable

interactions occur with general ability. Ilowever, there are a number of inter-

actibns in the literature, especially with inductive and deductive ‘instruction
(Cronbach & Snow, 1977, p. 320, 371), that do not seem to be related to .
general ability. Generél reasoﬁing is one of the aptjtude varigbles_that is
frequently involved in these ﬁore specific interactions.

In mathematics-education research, several studies have reported ATI

between general reasoning and treatments that differed in the use of an

inductive or a deducﬁive sequence of instruction (Eastman § Carry, 1975;
McLeod § Briggs; in press). There are also studies that have failed to find
the expected interactions (Behr §& Eastmﬁn, 1975; Eastman &.Behr; 1977),‘but
this"hay,have been becauss the level of difficulty of the treagments was
not appropriate for the students. |

\

The theoretical framework for these interactions with general reasoning

e

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

' general reasoning are closely related to general ability in mathematics. ,

5

, 29
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In ATI studles, however, general reasonlng ‘seems to functlon quite’dlfferently
from general aPlllty. For example, tests of general reasoning seem to do a
better job of predicting success in a more expository deductive treatment

than in an inductive treafhent, the reverse of what one usually finds for
measures of general abilify. To explain Eﬂgse_interactionsl Cronbach and

Snow have suggested that a test of géneral reasoning might be a measﬁ;é of
crystallized ability, or achievement in traditional school subjects; therefore,
- it could be expected to produce steeper regression slopes.in more tfaditiqnal
deductive instructibn (Snow, Note 1), Carroll (1976) has Anal?zed the aptitude
df:géheral reason;ng from a different perspective, using the concepts of
iﬁformatidn_processing theory. From this point of view; general reasoning
Assesses the ability to petfbrm serial operations, w;ich seems to correspond
to the more direct sequence (rules followed hy examples) of deductive
instrucé&on. |

One reason that Cronbach and Snow (1977) attribute most ATI to general

ab111ty is that it is d1ff1cult to’ separate the effects of a spec1f1c

aptitude from general ability. The d1ff1cu1t1es with traditional aptitude:
constructs led Glaser (1972) to call for research with '"nmew aptitudes'”, in-
cluding dimensions that are related té persqnality variableé such as

cognitive styles. “One cognitive style variable, field independence, has
receivéd considerabig aitentiog in educational feSearch (Witkin, Moofe,
Goodenough, & Cox, 1977). In a récent revision of cognitive style theory,
Witkin and Goodenough tNote 2) suggést that cognitive festructuring ability -
~and perSOnal autonomy are the two character1st1cs on whitch f1e1d dependent

and field- 1ndependent students dlffer. ‘Treatments that provide minimal

‘ ' ? 30
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structure and guldance should be approprlnte for field- 1ndependent students,
since they can provide their own structure and work autonomously. Field-
dependentastudents, however, should excel in a highly st?uctured treatment
which provides careful guidance. Some otudies in mathenatics education
have found~nTI that support this theoretical position (“cLeod, Carpenter,
McCornack, § Skvarcius, 1978; McLeod & Adams, in press), but other studies
have not oroduced significant interactions. a

In summary, ATI research in mathematics education has found two aptitude

variables, general reasoning and field independence, that have produced

significant 1nteract1ons with two dimensions of discovery 1earn1ng, level

of gu1dance and inductive instruction. The purpose of this study was to

search for ATI between these two aptitude variables and treatments that
differed in both level of guidance and in use of an inductive or deductive
sequence of instruction. The treatment that provided a minimail level of

guidance and used an inductive sequence was labeled the discovery treatment;

the expository treatment provided maximal guidance with a deductive sequence

of instruction. Based on the theoretical hackground for these two aptitude

variables, it was predicted tnat field-independent students would do hest'

in the dlSCOVBTV treatment, while students who scored well on ﬁests of general
reasonzng would be better off in the expository group. Reohras1ng this .'_ N
hypothe51s in terms of regresszon slopes, it was pred1cted that the re- :

gre551on of ach1evement on field independence would be steeper in the dis-

covery grouD than in the expoS1tory groun, but the regression on general

hnreasonlng would be steeper in the’ expository group.
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i " Method L

Subjécts - - |

Students from three sections of a mathematics course for prospective

:elementary school teachers particinated in the study. All three classes met

in the afternoons for 75 minutes on two days each week. About 87 of the 60

students in the classes were women. Complete data were obtained for 47

“

-
» 3

subjecte, 24 in the expository group and 23 in tne diecovery groun. Other
students were absent for one or more days of instrnctioh and testing. The
rate of‘student.absenteeiSm did.not appear t?,k? related to differences in
the treatment groups. | |
Treatﬁenta

Two instructional unlts were, prepared on the top1c of errdrs in measure-
ment and their effect on calculations with annrox1mate data. This topic was
suggested by the Report of the Confersnce on Needed Research and Development"
on Hand held Calculators in School Hathematlcs (1976). The treatments in-

cluded such concepts as precision:of meast*ements, significant digits, and

their re1at10nsh*n to adding, subtractlng, multiplying, and d1V1d1ng

Q

approximate data. Both treatments covered exactly the same concepts and
students were given about the same amount of practice 1n solving problems.
HOWever, the conccpts were presented in different ways in the two treatments.
In the expository treatment instruction proceeded in a deductive se-
quence, with def1n1tions and rules followed by examples. Students were given
max1ma1 guidance; sanple problems were worked out completely before students

°

Were asked to do similar problems. The problems were chosen so that they

S

_ could be WOrked ea511y without a calculator. In *he d1scOVery treatment,

.
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however, concepts were presented in an iﬁductive sequence. Students first
worked out several eXampies, using a hand-held calculator’'when it was needed.
Students were then encouraged to generallze and produce rules that would
follow the examples. Although the students were given an opportunlty to
discover the rules, the materials did provide the rqles to students who did
not discover them independently. 1In both treatment groups, the teacher was
available to help answer.student questibqs.

Tests

~ Field indepeedence was measured using the Groep Embedded Figures Test '

“(GEFT) 'and a version of the(Hidden Figures Test (HFT). The GEFT (Witkin,
Oltman, Raskin’, § Karp, 1971) is the most appropriate group measure of field
independence. The version qf the HFT that was used (Hidden Figures 2--Form

| 271) was adapted by the National longitudinal Study of Mathematical Abilities
(VLSJA) from the original of the Educat10nal Testing Service (French
Ekstrom & Pr1ce, 1963). For a complete d15cuss19n of thlS test, sece the
approprlate NLSMA reports (Romberg & Wilson, 1969; lesoh, Cahen, & Begle,

1068) . ' ‘

The time allowed:for the GEFT and HFT was‘adjusted for this study.

. Sinceé the GEFT is relatively easy for college students, subjects yere'given"
four minutes for each part, rather than five. The version of the HFT.that
was used was rather d1ff1cu1t, so students were given 15 rather than 10.

Qm1nutes for that’ test.

The HFT was used along with the. FEFT in order to prov1de a second ,

measure of field 1ndependence, a procedure in line with the multitrait-

multimethod approach to measuring aptitude that is recqmmended by Crdnbach

!
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and Snow (19%7). ,
Thé mostﬂcom&on measure of general reasoning in ATI studies is the
Necessary Arithmetic Operations (NAO) test (F}ench, Ekstrom, § Price, 1963).
In order to distinguish between scores on the NAO test and general ability,

students were nsked t» allow the university to release their SAT scores.
Most students agreed to this rquest,-but,only 28 of those $ubjects actually
had SAT scores on file,

A 20-item posttest that covered all of the‘coﬁcépts in the unit was used
to measure immediate achievement. A subset of 10 items was used ioxmeasure
retent{ont- The retention test covered on;y thé parts of the unit that had

_been com?leted by most participants. Fifteen minutes was allowed for the-
éosttest, and seven ninutes for the retention test.
' The.KR-20 reliability coefficients were judged to be satisfactory on

-

all tests. The, ranged from .61 on the posttest to .82 on the NAO.
Procedures *
The HFT and NAO tests were administered during the first week of class

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

90 minutes of class time was devoted to the study.

»
¢

Students were randomly assigned to treatment groups within.each class .
Students assigned‘to the discovery treatments were asked to go to a room
equipped with calculators. Students in the expository group stayed in the

regular classroom. Théy‘weré told that they would get-their chance to work

13

with the calculators later, since there were not enough calculators for the
entire class to use them at the same time. Since no calculators were needed

" for the expository treatment, the lack of a calculator caused no problems
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for that group,- K '

At the beginning of the treatments, students were given-a brief'intro-«
.
duction to the materials and were encouraged to work independentlv direct-

ing their quest1ons to the teacher. At the end of the first day of the
study, the materials were cellected and graded. Most students were not ablé
to complete the treatments in the 75 minutes‘allowed ' The posttest ‘was -
administered two days later at the next class meeting. Four weeks later
‘students were assessed again to measure retention. On the same day: students
took the GEFT.
Results

Desctiptive‘statiStics are presented in Tables 1, 2, and 3. Table.I
includes the means and standard deviations for ﬁif tests; scores ranged
wideiy among students, but there were no large differences between groups.
Table 2 presents the correlatlon matrix for the antltude and ach1evement
- tests, Correlatlons between the NAO testband the two measures of f1e1d
1ndependence were somewhat higher than one usually expects. Also, there we
a stronq correlation between the posttest and . retentlon test. Table 3 presents
the regre551on equatlons for each group, using HFT and VAO as predictors,.

Substltutlon of the othcr measure of field independence (GEFT) for the HFT

-scores produced similar results.

Insert Tables 1-3 ahout here
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" Tests for Interaction

The data were .analyzed using multiple regrossion techniques. The two
‘-dependent'variables were treated*éeparately. For the main nnalyses, the
'full.model 1nc1udgd vectors for fiold independence (HFT FEFT. or their sum).
- NAO, treatment and the interaction of treatment with ‘each of the aptitude
Vectorsﬁ A% these vectors entered the equat1on (1n the spec1f1ed order),

the change in. Rz due to each 1nteract1on vector was calculated On the

’
[

retent1on test, the 1nteract1on of NAO and treatment was S1gn1f1cant (see

-

Table 4) and in the predicted direction. o

e S o o e et vt = o W M W S e % S o e T em e Am o e W e e

" Figure 1 presents the interaction of NAO and treatment for the retention
test. In the figure, the regression equations are calculated for each group
using the NAO scores -as the enly predictor. - The slove for the expository

groue was .42; in the discovery group it was .09. This difference in slopes

s significant, F(1, 43) = 6.96, p = .,011..

The data were-analy ed further in several d1f§erent ways. Scatternlots
of each apt1tude var1ab1e~w1th the two achievement measures werc constructed;

in each case the use of 11near models seemed avpronrlate. "\ :

3-6 ) o
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Othor neasures of field indopondondo (GEFT, the sum of HFT nnd.GEFT)

were included in the main analysis along with NAO., The results were

essentially the same as those reported in Tables 3 and 4, There was still

an interaction with NAO on tho rotention test, but not on the posttest. There

|
v

were no interactions at all with field independence.
Since there was no interaction on the posttest’, it was appropriate to
‘test for a difference between treatment group means, when using HFT and NAO

as covariates. ‘Nb‘di%ference was found, F(1, 43) = .67, p = .418.
The {Fportance of class effects has heen emphasized by Cronbach (Note 3),
~J ] . . A " . ) ~
so the data were reanalyzed taking into account the student's class and

possible interactions of class with treatment, NAO, and the treatméntaby-NKO"

.

: ] ' . . .
interaction. On the retention test, the interaction with NAO occurred con-
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‘wé:e analyzed further to determine whether thg interaction
with NAO could be aétributed to general reasoning alone, or whether it should
be thought of as ah—interaction with geﬁeral ability or crvstallized ability.
‘The analysis began by considering the 28 subjects on which SAT data were
available. The sﬁﬁ of ths'verbél and quantitative parts of the SAT were -
used as‘a measure of general ability. There was no evidence of any inter-

. ) N .

action with SAT, either by itself of in confunction with the o;her aptitude

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

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

[

L
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accounted for about 3% of the. variance, substantially more than the 1% due
to the SAT-by-treatment vector, Of courde, neither of fﬁosebintbrnctions
was.significant, since there were only 28 subjects in this analysis. . llowever,
these data ﬁrovidu some support for attributing the interaction with NAO-
tovthe aptitude of‘general reasoning rather than to pgeneral nbility;

Further information on'the nature of the NAQ interaction was obtained
by considering the difference of the standardized scores fog ﬁﬁT and NAO.
Cronbach and Snow (1977, p. 84) state.that twvo nredictors behave ‘differently
if their standard-score difference interacts with the treatment dimen§jén.
The interaction between treatments and difference écores was not significanth
F(1, 43) = 1.97, p = .168. The sum of the standardized scores for NAO and HFT,
however, did interact with treatment, F(l, 43) = 4.804, p =’.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
for attributing the interaction to general ability rathe;'than ta the more
specific aptitude of genéral‘reasoning.

Regions of Significance

Regions of significance for the interaction represented in Figure 1l were

' caléulafed in two ways. FoIlowing Cronbach and Snow (1977), confidence inter-
vals were computed about eacﬁ of the regression lines, using a confidence-

" level of 68%. The confidence intervals overlapped for NAO scores of 13 to
17;.therefore, the regions of §ignific?ﬁce for this interaction were for
NAO scores of less than 13 and more than 17. These two regions-included 55%
of the students. Studen;s with NAO scores of 17 or more did beﬁter in the

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

ERIC " 38
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achieved more in the discovery group,

The Johnson-Neyman tochuique (Dorich, Godbout, § Wunderlich, 1976) is

anothoer method of calculating regions of significince. For a level of

. L

significance of .10, this technique found the regions of significance for.

the interaction in Figure 1 to bhe almost the same as in the analysis -using

D]
confidence intervals.' For the Johpson-Neyman analysis’, the upper region of

signifioant differences included‘score§ of more than 18, The lower region.

was found to be the same as in the' analys1s using confidence intervals. The

b i

regions of sxgnlflcnnce in the Johnson-Neyman analysis included 49% of the

’

students.,

Discussion

This study tested the hypothesis that ATI would occur between two

aptitudes, field independence and genefal reasoning, and treatments that
differed in dimensions of discovefy learning in mathematics. Field inde:.
pendence was expected to interact withﬁthe treatments since they‘differed

in the level of guidance provided to the students; ‘General reasoning was
expected to interact with the treatments since they differed inﬂine use of
deductive or inductive sequenoes of “instruction, ~The ATI wﬂthngeneral reaoon-

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

this study helps-to confirm the existence of an ATI that has aopeargd in

several other studies (Cronbach § SnOW,‘1977; Eastman & Carry, 1975; McLeod _

& Briggs, in press).

- Although a number of studies have found ATI with general reasoning,

i Y

~ as measured by the NAO test, it is’ st111 not clear whether ‘this 1nterac5;on

can be attributed to this specific antitude, or whether it is the resul;

]

of general or crystalliied ability (Cattell, 1971). Data from thé present

29
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study wore not conclusive on this point, Further investigation using an
information processing approach may help to aexplain the effects of this
hptitudo variable, It scems likely that sequence differences in troatments
may be volated to fixed, as oppoaed to flexible, sequences of information
processing. In this'study, it appearsd that students with high NAQ scores
were less flekible in torms of adapting to instruction using an iqdup;iv;
sequence where students were supffosed to make ﬁeneralizatiéns wiéh tho
assistance of hand-held calculators. In this interpretation, the ATI of
this study fits nicely into Snow's reécent work (Snow, Note 1) on the
relationship of crystallized ability to ATI.V Since the interaction occurred
‘only on the reteﬁtion test, it may he that these differences in information,
processing are\onay important when they involve retrieval f{om long-term
memory. | |
The éxpected ATT with field independence did not occur. The majorlreason
for ;his appeared- to he that the tré;tments vrovided more guidancg'than Qas
originally intended, This- extra guidance was provided partly because the
;tudepts requested, even demanded, considerable help from the instructor
in the classroom. Also, treatments frequently.need to be "tuned'" in order
. to produée_ATI, and appropriate revisions of the treatments used in this
study could result in inStrucﬁion that prbvides sufficient; but minimal,
support, Suah_a revision might produce the expected interaction with‘field
independenpe.
In summary, this study identified the expected:ATI with genetal_;reason- |
ing (as measured by thé NAO test) hut not yith field in&epeﬁdénce. Further

research on the topic seems appropriate. It used to he sufficient in ATI

I

T 40
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research just to find an interaction; no one worried‘a great deai about
whether the ATI could be attributed to a sbécific aptitude as opposed to
gengfai'abifity. But now more detailed information is necessary Qs
hreseafchers try to build a theory of aptitudes and interactions. These
% higher expectations ssem to be a‘sigﬁ that ATI research is making substantial

~

progress.
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. u " Table 1
Means and Standard'Deviations of
All Tests for Each“Treatment Group
) Maximum |
| possible o - Discovery Expository
Test score - Range Mean sD : }65;2?~~7~ééj—
W 16, 0-16 5.6 3.6 4.9 3.5
GEFT s 018 9.8 as 8.8 5.7
NAO 30 3-24 13.8 - 3.9  13.8 4.5
Posttest 20 o o0a1s 5.9 2.6 6.3 3.1

Retention 10 - 049 . 4.6 1.5 4.4

[
.
~3
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8
~ Table 2
Correlation Matrix for All Tests
Correlation
 Test | 1 2 3 4 s
1. HFT l.OQ .54 .53 . 39 .43
"2, GEFT | 1.00 .43 .50 .41
'3, NAO _ ©1.00 61 7 .54
4, Posttest 1,00 .72
S. Retention ' ’ 1.00
“ 1
47 - a )
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Table 3
Regression Equation Data for Each Dependent Variable

3

— - —— et e e -

Dependent . Regfession coefficients
variable Group Intercept | HFT . NAO
Po;;ﬁest Discovery .66 “ 'u--};é; - .35 |
| Expository o 12 .41
Retention . Discovery 3.40 ' .12 .04

Expository  -1.34 Y .38
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. .
. ' Table 4
Tests for Interaction
Dependent v 5? for _ Change s
. D - . 2
= variable . full model Source . in R” F P

Posttest .391 . HFT X Treatment - .003 .20 657
NAO X Treatment. ~ .00l 10 753
- Retention .419 HFT X Treatment- .020 1.25 ,270
-~ NAO X Treatment 076 5.33 026

e
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o Discovery: y = 3.4 + ,09X

. Expository: y = -1.5 + .42X
10 + s L

Retention Test
. w
A -

\ ;

A\ )

Necessary Arithmetic Operations Test

Figure 1. Interaction of NAO test with discovery and expository

treatments on the retention test,

o
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! Abstract

~

‘ThJs study investigated the relationship between tha cognitive stvie variable

t Y

of fieId-dep;ndeﬁqp-lndependence and lhsfrucfioqal freaf;enfs using high cr
tow nuidance in a unff on networks. The 97 subjects, all prospective
elemantary teachers, wgre'prefesféd-on cognitive style (using the Croup
Embedded Figures Tesf) and on ﬁafheméflca} achievement (a measure of

crystallized ability), and randomly assigned to.treatments. Fol lowing

L) [

Instruction, students were' tested for immedlate achievement and then ra-
@ - ' -

tes*ed 5 weeks later. There were no Interactions with finsld-dependande~

- independeﬁce, but there was a Slgniflcanf (p < .05) interaction with crystalllzed

avilitv on the retention f%sf.
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The In%qracfion.of Fleld-Dependence-Independence . .

and the Level of Guidance of Mathematlcs Instruction

) 4 .8
A?fempfs to lndlvldUéllze Insfrucfldn have fradlfionqllv invo1vbd'§ar;fnj

the rate of lnsfrucflon aﬂd rela?lvely I|f¢le af?enflon haa been g:fen fr o

kY

adaspting the mefhod of lnsfrucflon to student characferisflc Cronbach
[

(1957) recommended that researchers try to find enfifudes which Interact
wi¢h‘veriafions in Instructional treatments and to desian instructlonal treat-

rments to fit particular aptitudes of groups of students. - The search for ways

-~

of ad=pfing lnsfrurfional #reafmenfs to indlvidual dnfferences is known as
. e

aptitude- freafmenf-lnferacflon (ATI) res earch.
In general the resulfq accumulafed from AT s?udlef have been Ioes
fhaﬂ saflsfacfory, and few signiflcant |n¢eracf|ons have bepn found.

Cronbach and Snow (1977) state fhaf apt|tude-treatment |nferacflons do exnsf

’

" and fhaf whlle no inferacfvons have been conflrmed well enouch te .ho used

e
t

as uuldn, ln making declsions about lnsfrucflon, much has been Ieurnod.

Thcv feel that what the results do lndlcafe |s fhaf 1t wlII take more fhan

-uurf a:fow years of research on a |imited scale to produce both solrd

N,

fheory and useful generallzaflons about apflfudes and Insfrucfnon. For
revlew ‘of ATI-research, sce Berllner and Cahen (IQ73) Cronbarh (I975)

Cronbach and Snow (I977), and Tobias (I976)

.\

' {In mathemat | cs educaflon, some recenf.sfudles successful In flnding

H
1

ATI}s have used the coénlflve style of fieIdrdependonge-lndepnndence'as‘

an eb+lfUde variable. Individual differences in field-dencndence-

T . N . L
. ©
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Independence are identifled on a continuum de#ermlned by fho -extent a
Rerson percelves analyflcally.; Students who are relaflvely field~dependont
flnd it difflcu]f to resfrucfura a_slfuaflon In order to solve a problem
or to imposs sfrucfure on’ maferlal when sfrucfure is lacking. On the ofher
hand fleld Indopendenf sfudenfs are mdre capable of taking 2 crlﬂcal1
'elenanf out of context and resfrucfurlnq a problem 4n order to use that
element Inva dlfferent context, . i ) -

Anothaer aspect of fleld deoendenca independence ‘which may ha imnorTanf
In Jeveloptng Insfrucfldnal materials is that fhe effect of Cue sallenco
Is agreator for fleld- dependenf fhan for field-lndependenf students. Fiald~
dennndenf students also favor a specfafor aporoach to learning while field-
indaoendonf studonts favor a more achve approach.' Wl?kln, Woore,

1

,Goodenough.and Cox: (I977) sumaarlize the: educafIOnal Impllpafions of the

2
fleld- dependen+ independenf cogniflve styles.
~ An Investlgation of" the, redafionshlp befween field -depandence- lndepondnnCa
'and eknosffony va.dlfcovery learnlng was done by McLeod (arponfar, HeCornack,
and akvarclus (1978). S Treafmenfs werc based on two levels of quidance
‘crOSJed wlfh two Ievels of abstraction; fhe toplic was’ numerafi0n systens,
The rnoulfs supnorf fhe hypofhesis fhaf field Independenf s?udenfs will

-

x-perforn besf when al!owed fo work lndependenfly while fleld~ dependenf

s it
'sfudenfs pprﬂorm besf when qlven extra quldance.‘ )
) McLeod and Adams (Nofe 1) affempfed fo repllcafe the ahove - sfudy by
lnvesflgafinq fhe tnforacflon befween fleld denondpnce independnnce and
'manlpuia+lve nafcrlals used ln a dlscovery mode vs symbollc mafnrlals uqod

~

~in an exposlfory mode.- Agaln, a stgnificant lnferacflon was found on a-
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*posttest wheras ques?lons were presen#ed symbollcally.

MclLeod and Briggs (Note 2) used an Inductive vs, deduc#lve approach with

;fleld dependence-lndependence as one of two aptitude variables. ‘A siqni-

of Instruction based on inductive and deducflve approaches was found .on
only the Transfer test. Whlle fieid- dependence-lndependence seened to
In#arac# dependably wl?h level of guldance in two earlier studies, its
.unforac?lon with sequsnce of instruction appeared to be less consistent.
For a ?horough review of AT research Inzluding a discussion of field-
depcndence-1ndependence, see Cronbach and Snow (1977). They indicate that
' fleld lndependence could represent fluid ablilty and fhaf field dependence
may reornsen# a deficlf rather than a cognif!ve s?vle. Hoaner. Witkin and
Goodenouqh (No#e 3) feel #haf fleld- dependence lndependence is a dimansion
of individual dnfferences related to #he lndlvlduals rellance on ln?ernal
. and ex?ernal referenfs and conform*’#o the concent of sfyle rather #han
the concept of ablll?y. Hl#klr and ;oodﬁnouah suqoes# that fleld- dopondence-
. lndnnendnnce ls blpolar and that fleld lndependnn? persons are more adapTIVO
in situations requlring cognitive res?ruc?urlnq skllls fleld dependent
_lndlvlduals on the other. hand, are more adap?ive In si?ua#lons whlch
involve soclal skills, . | ‘_
In the present study uslng the topic of nefworks, the ln?erac*lon between
levels of guldance and ‘leld dependence Sndependence was Investigated. Also, a
pretest was used as a measure of general mathematical ablll?les. Two Ievels.

of guidance, low and high, were chosen varying the amount of s#ruc?ure, cue

sallence, and active involvement by the student. Materjals were prepared on

3 | 55:5
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-the basls of the models suggested by Salomon (1972). The hinh-quidance
treatmont (HG) was designed as a compensatory treatment for fieid-

dapendent studonts. The low-guldanca treatment (LG) was deauqned as a
oretarent!al treatmont for tield-independant students.” |t was expecfod

thot the siope for the reqresslon Itne from the proferential frna*men? v
would be murh greater than that of the slope from the conponsafory treat-

‘vﬂnf The slope from the compensatory freafnonf was expected fo be neariv:

leval end tn that uay a significant lnfaracflon would be ohf;ined

Method

[

Lieets
Sfudchfs from four sections of Math 2103, the second sermastar of a course
designed for prospecf've elemenfary school teachers, participated in the 3tudy
ﬁ!?h)ugn tha maJorlfy of sfudenfs were Junlors and seniors, there were a few
fro shmen, JOpbmores, and graduate students enrolled. Also, +he majorify qf
.u-dﬂfﬁf theso classes were women. - Onty i?% wnru ren. | |
' A total of 132 students were originally enrol!ad In the four sccflon,
Thers verg 16 sfudan#s fhaf dropped the course before fhe study was comn~
piéféd ad;VHIQ sfudenf; that wore absant on one of-fhe three days used *o
co&duc+'fhe study and refenflondjsﬁf. nf fhe 97 sfuden?s,cotnleflnq the
study, 51 were ln’fhe low-guidance group and 46 were In the huqh—quidance

group. .

Matarials
— s

Two treatments, both inductive, were doeveloped on ‘the topic of networks',
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Concents presented lncludgd equlvalence of néfworks, Travérsablllfy, and
epplications. In the treatment for the hlgh-gul dance group, parflaliy
cShpleTed tables ana rdfes were lncludedv]h order‘+o comoensafe forifho
fle!ld-dependent students' Inablllty to provide structure. qnouble spaclnn
and underlining of key words were used since the fleld-dep;;denf-sfudonf
seams to need help Inhidehflfylng relevant cues. The'lowfggldénce.freéf-
ment <ld.not provide tables nor provide help with discéveklng the rules. ‘IT
dld Include shor* quesfions Throughouf fHe treatment In order to keeo +he
students acflvely lnvolved in Thn treatment. These were omitted from the
»hlrh-guldance materlals where.sfudenfs were glven The same lnformaflon In
-an oxposltory. fashion., Both treatments presented the same confenf on
nefQorks.-used the same problems,'and_prleded atout the saﬁe amount
of practice. | K

tfhe Pre;ésf cénslsfad-of 27 mylf!ple choice questions oh'concepfs
Aormallv coveréd ln The firsf semeéfer ofq?ﬁo codrse; ln this- sfudy, fhe
Pretest was used as anofher apflfude varlablo .alonq wlfh Tho roasure of
ficld dopnndenco-lndepcndence. ‘The G rcup Embedded.Flaures Test (GEFT)
was used to- mea;ure fleld deoendence-lndeoendence (Wlfkln, Olfman. Paskun,
3 Karp, 1971). The flrst section of the GEFT is used for pracflco. The
second and ;hird sectlons eéch Babe nine figures and students are-?llowod

flve m{nufes for each part. _ln the present study, the comb I ned score for -

the last two secflons'mag’used as the GEFT score.

. The Po TTesT and Retentlon Tesf confained three subsecflons Infendod '

Q | ' _"" 57
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to measure comprehension, appllcaflons. and analysis,

Procedu re
“ The study wWas run durlnq regular-class periods early In the semaster,
Al classes mnf twlce a week for 75 minutes. One class met on Mondays and
uednesdays and three classes mef on Tuesdays and Thursdays. . Al were
af.ernoon classes, |
Students ware randomly asslgned to two qroups within gach class.. The
140 instructors for the four secflons par?lclpafed In the study and were
randomly as;lgned fo groups with fhe resfrlcflon that each have two low-
auidance qroups (LG) and fwo hlgh-guldance groups (HG). ]
On - Tﬁe flrsf dav of class, the game<of Sprouts was played. Whlle this

was not part of the study, it served as lnfroducfory naferlal to. fhe study )

1h ]

and later proved to. Introduce some set breaking problens for the sfudenfs.
n Euler s formula .was dl scussed the second dav of class. Agaln. whlle it
was nof part of the sfudy, 1+ lafer provad to lnfroduce sef breaklnq lnfer-
fervnce wlfh fhe study. The las+ 50 minutes of class time on. fhe -2nd ©
dav were used to @dmlnlsfer the Prefesf. -
On the fhlrd day of class fhe classes spllf lnfo fwo qroups. The LG
; group remalned In the classroom and fhe HG group went to the math lab. " The
sfudy was- lnfroduced by telling the students that It was a lesson relafed
to’ whaf they had been dolng but with a dlfferenf approach They were
acked to work on the materials by fhemselves and turn In thelr papers at
the end of the perlod., Thoy were told fhaf thelr Papers would be refurned'

to them the next perlod. .
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Papors were fefurned“an fhe'fourfh day of class with comments marked
~on them about the errors. In fdeﬁHG group, errors were corrected by the
grader, }n the_ LG group, students were not told the correct answers; Instead
"they were askéd to look for dlfferant patterns and to try to use Thd vocab-
ulary used In the Iasson. Students were told fhaf there would be a qulz ovar
the materlal and were glven the opportunity to review and fhen take the
Posttest after |5 minutes If they were flnlshad vThe rast of fhe class
startad the test after 20 minutes. All were told +ha+ the Tesf wauld not
be part of fhelr grade for the course and fhaf they were fo try to do fhelr
best, udenfs were allowed 30 mlnufe' to comple?e the test.

Aftor the sfudy and Posttest were complefed, the materials were nov
discussed ja class until after the Re%enflon‘fesf wag 3dminf;?ored five -
Qaek§ later. On that day, the CEFT wa:z admlnlsfe*ﬂd first, and then the

"Refenflon'fesf and the answers t5 the Ratantion tost wery dlscussed. Alsc,

the Teachér answered student questions about the materials.
. ' ’4" .

Results e

Mulfipfe‘régfession Technfdués (Kar[lndar,& ﬁedﬁazur, l§73) wede used
for analysls of the data. A Separafe analysis was compieted fdr the Phst-
test and each of Its subfesfs as well ai *a Reféhfion test and aaCh of
its subfosfs. KR-20 rellablllfy coef“lulenfs were computed for all tests
excapf the GEFT and item analyses wera completed for both the Posttest
and Refenffon test. Tests for‘djfrarencas between the means were'compufed

when appropriate.



The Interaction of

. . "

\

Deseiiptive Stotistics s

Tabla I- presenfs the means and sfandard devlaflons for all fesfs. On
the Pretast, scores ranqed from 7p to 859, On -the. GEFT, scores ranqed
from 6% to 100%. The Posttest scores rangedlfrom 225 to 947 while
_fheyﬂa?cnfipn'fasf scores ranged froml 175 to 78ﬂ. Tablo 2 presents Thd 'f
«Cdrrelaflon mafrix for. all feéfs. Table 3 provndes lnformaflon about the /

reqression equaflons for ‘each group,

A ))

lnserf3tables | fhrough'B about here ' : /

!

. The KR-20 .reliability coefficients for the Pretost, Posttest, and Pe-
fenfion 1esf were ‘,78, .50 .and .48 respecfuvclv. A rellabnl!fy

.estiqate of .82 for the GEFT was reoorfed by Wl+kln et al. (19717,
ﬂg,_ )
Tests for Interaction:

———

"

The lnferacfion vecfor Prefesf X Troafmenf was checked for siqnlflcanco
: flrof for bofh ?ha Posffesf and fhe Ratention test. ’ If it was not siqni-
flcant, it was dropped from fhe mode | and the lnferacflon vector GCFT X
Treafnenf was 1hen checked Table 4 gives: lnformaflon for the fesfs tor
4‘lnferacflon showlng the squared mulfip!e correlation for the full model
the drop in 5?, and fhe value of 5 for the lnferacflon on d;fh fhe Post-
feﬁf and Retention test. On fhe Retention fe t, the Prefesf X Treafmenf

'vecfor was slgnlflcanf however. the GEFT ‘X Treatment vector was n01 ‘Neither

of fhe lnferacflon vectors was slqnlflcanf on the Posffesf fherefore,

o,
[y B

'lnfercepfs were checked and were found to be slqnlflcanfly dlfforenf

Q . : [ .4.44! _ , f ) | f;()i
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FCI, 93) = 5.75, p < .05, o o

Insert Table 4 about here -

AR

Sirco there was a slgnlficanfulnféragflon on the Refénflon test, the
Johrson=Novman fechnlqﬁé was épplled to f[nd the reéion of signlficancae
.(Borlch, Gondbout, S‘Wunderllch I976) Usingnfhe Pretast as the only'
pfedlcfor the IofT reqlon of slqnlf!cance was not deflnable wufhln Thv
range of data. Tha right reglon of signiflcance was bounded by 15, 8 and
3. There were JdO students (4I”) who had Drefesf scores which wnré in
+his ranlon of.r?gniffcanre;

In-er=rflons were .checked for -each of the subtests for both Thn'Po*T-
Tbnf ahd the Retention test. HNone were found to be slqnlflcanf for The
foaffe 1 however There was a slgnlflcanf InTerachon between 'the Pretest
ind trestments on the applications subtest for +the Petentlion test. In this
ce3é;_ 27 .}or the full modef'was'_.lé4} The'changé 15 52 ”was. 054,

CFC, 91) = 5,99, p < .05,

[

Discussion

Cronbach and_SﬁoQ (l???)ureporf fhafldeneral abllity Is.the most rellable
._sohrce‘of ATI. Accordlnq to thelr hypothesis, students wlfh low qeneral

» billfy should do wel| In treatmenis that provlde exfra suppor+ and quidance.
!n such a treatment, the ragression of achlevemenf mpasures onto general

ablllfy s expaected to be relatively flat. In a discoverv-orlenfed treatment

3 (;Jl
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thut provides minlmal guldance, sfeepgr rogrcsslbn slopés are expoctad.
I'f tho protest of this study Is taken as a measure 6# genaral ability In
mathematics, the results contradict Cronbach and Snow's Hypofheflr

| In thao pre ont study, students with high pretest scoras fondod 1o do
butter In the HG group while tho profosf dld not seam fo bo ralated to

performance in the LG yroup. This In#eracflon reachod slqnlflcance only

\
'

on the Retention Test, but fhé directlon was the same on the Posffesf. The
‘}nferacfloﬁ can be interpreted through the construct of crystallized
Infelllgeﬁce (6C), a dimension of general ablllty (Cattell, 1971).
School achievement scoras corrclate wel | ;I#E GC and oretes fs | ike the
one’ usnd in. the prPsenf study are frequently used to maasure fhns dimension. -
Since GC measures ap+lfude for learning in a school SnTTlnq, i+
s2ems reas onable that It should be a qood predictor of achlevemonf in the:
HG group, where Insfrucflon was moro similar to traditional exposl*ory
mathematics feachlng. In the LG jroup.‘wlfh its ﬁsc of a noﬁ}jrad{#lonal-
discovery anproach, there wés no relatlonshin between GG and achievumant.
| Baged onvfhe data from this study, it seems approoriaTe to hypofheslze
that studunts high in GC wlll do best in Tradlflonal exooslfory so+f|nqs,
ﬁhile'sfudents'low in GC may do Just as well iIn d:scovery as |n'?xnosiforv
lnsfruc#ion. In his recent papers, Snow (Note ) has accumulafed ;hb—
stantial evfdence in support of this hypothesis. T | |
The origlnal\hypofhesfs that this study was designed to test an%lved
: \
the interaction of fleId-dep;ndonce-independence and the level of guﬂdance._
While tﬁe interaction due to GEFT sgorés.fhaf Qas expected did not occur,

the slops for the LG group .on the Posttest was steeper than that foq the

IS

€2 | \
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HG group, as tho theory predicts. This differenca In slopes did not recur
on tho Ratentlon Test, howavor.
;Snveral things may have affected the results. The GEFT scores were

skewed to the loft.  This would not be expactod.in the population of.

[}

lsfadonfs that make uo these classes (prospective eléwenfaqy school teachars),
sinee the “OFT dIA'nof discrimlnate well for the high séoros, Thls cddld |
gaslly have affected the slope gf the rearession |line.

A second factor was observed when examining treatment materials. Previous
wark-with the Sprouts gaﬁe. and In parflcular the exercise about Eu1er's
fermula that was discussed wifh.lf, infro%u?ed-a set Qreaking'facforuwhich
could have affected Thé-slone of The rearesslion line for fhe LG qroup. In
the L5 qroun, for examnle,.oniv fouf‘neoble showed eVidence'of cgunflnq The~i
number of even and odd vertices as was necessary in order to discovar the
rules én'fravérsabilify. Fourteen people éounfed‘verflces,iedges and/or
fazes as was done In Thg-work'wlfﬁ Euler's fqrmulé;.'Thls sot Breakinq
tactnr apbcars to have affocfod_ma!nly mlgdle;and high-aptltude scorcrgl

" and would appnar to COnffédléf.fheory abouf-fleid-depeﬁdenco-lnqependence. '
It can be speculated, however;-fhaffslnce the wofk‘wifh-Euler's forrmula was
In a nghly dfscovery-orlgnfed Slfué?lon{fhaf only hlghAaoflfude sééfers

-discovered the rule.._Thus It created a'sef breaking problem onl? fbr-fhem.
lThlé extra dlfflculfy for hlgh—apflfude:sfudehfs Fould also have contributed
to the direction of the lnferaéfldn with the prefesf.-' |

Another protlem with the study was the relatively low:rellablllfv of

the Posttest and the Retentlon Test. The lack of rollabliity makes It more

difficult to get a slagniflicant interaction: howevef;,!f dons not. affect

Q . : | “ Lo l e o ) R 63
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the lnfurprnfaflg? ot ATI‘(Cronbacﬁ & Snow, 1977, p, 34),
. ] .

~ Slnce there were no SIgnlflgaﬁf Interactions on theo Posttest, It wax
lapbfoprlafe tc tost for dlfferences between the treaiments. Usling the tun
an?lfuﬂa‘v?r]ables as cdvariafes. there was a significant dlffnr06ce hatween
the twn frea?monf‘groups wl}h the more exposltory HG group gettinag hlghnr
scures on fhé'Posf;esf As Is fyplcal In studies of dliscovery Iew;ninq.
tha lnlflal advartage for more expository treatments on an Inmadln+u pasttest
~had dlsappeared by the tIma »f fhe refenflun tost fl\n waeks 'afnr.

In summary. thls study found a slgnificant Interaction rnfwnen Prnfrﬁf

«Ld achlevomenf scores that may be inferprofed as an 'nfcrac?lon betwean
~crystalllzed lnfelllgence and treatmants that differ in terms of frad!Tional
erpository vs, nén-traditional d}srovery fechnlques | Thlc ln%éraﬂfloh fits
. nlcaly Into the paffern of ATI wlfh crystallized aoullfy that Snox (Hofe 4)
“has recently identitied. The expocfed Interaction befween filald- depondonca-
Indep‘ndenya and achlevement falled to occur. Howevor dofa;lud analysls
the dota rr.vealed a number of trends consis?enf with the fheo—v ot fleld-

' dspendcnce—indeoendence. Further Investigation of bdfh aptitudes in

future ATI studles seems appropriate.

€4
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Tabla |

Monng and Standard Daviations for All Tasts

Max Imum
Posﬁlblna » ATnndnrd
' Tost Score . Moan Navintlon .
| Protest - 27 |
Low Guldanco | 46 4,12
High fuldance . ; 14,13 5,06
foth Grous 1414 4,56
GEFT, S 1 '
. : * . .
" ‘Low Guldance ‘ ' 12.88 - 4.96
H‘Igh. Guldonce - - .57 - u‘.SI
Both Growss - 1226 . 47
Posttest . n ’
" Low ful danes o . , Q14 . 2,13
High cgrdan;e : : © 19,98 : 2.45
n‘Bofg GFcuos_, < S 1n.01 , 2.46
" Retentton . - 1@ -
~"Low Guldance ‘ . 0.27 - ?.?3 0
High Bul danco | " 9,03 2,63 g
Both Groups : ) - -9.59‘ 2,44

>

s /.
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Table 2

Correlation Matrix for Al Tests

Correlation

‘ Tusf- : ! 2 3 4
l. Fretest 100 30 L3 .30
2. coFT | Y .38 36
3. Pos#?es} S ) © 59
4. Petention br S hann
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Table 3
Reqression of Posttest and Retention Test

on GCFT and Protest for Each Treatmont’

. B | Regra§§lon Coefficionts
Tast . '_:’Infercepf | GEFT Pretest
Ponttest “ . i

Low fuidance 5.6N .24 .03

gk Guidance 7.14 .15 s
Pefenfibn ‘

Low Guidance . 7.37 A7 -.02

High Guidance 4.98 A8 .20




Cennndent
variable

Fo.ttest

Retontion

2
* RT for

. full model

. 374

.45

Table 4

Tests for Intaractions

Source

Pretest X Treatment

"GEFT X Treatment

Pretest X Treatment

GEFT X Treatment

The Interaction of

Channe

in E?

n.019

5.003-

N.N3Y4

Nn.011

20

t=

4,500

N.06)
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ABSTRACT

.

In order to test the hypothesis that field independence would interact
with level of guidance, students in five mathematics classes.were randomly
assignedyip‘either a low guidance or a high guidance treatment group for a
‘week of instruction. Both treatments used an inductive sequence of instruc-
tion on the\topic of networks. Students were assessed on two aptitudes,
field independence and general feasoning. Achievemene was significantly
better (B.< .05) in the high‘guidance group than the low guidance group

on both the Posttest and the Retention Test. No significant interactions

with the antitude variables were found.
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Individual Differences in Cognitive Style and Discovery Approaches to Learn-

ing Mathematics

‘Attemﬁts tﬁmadapt instfuctional treatments to student characteristics as
suggested by Cronbach (3) are known as Aptitude-Treatment-Interaction (ATI)
studies. No\single instructional treatment is,likely'to maximize_achievément

~ for afl students; thus, instead of looking for one treatment, ATI studies
-attehpt to match different instructional strategies with di Fferent student
characteristics. This m;tch1ng is difficult tec accommlish, but Cronbach
and ‘Snow in the1r complete review of ATI research (4) 1nd1cate that inter-
" actions do exist. Furthermore, these 1nteract1ons have important 1mn11cat1ons
for inqividdaliZing instruction.
One variable used in several ATI studies iﬁ'mathematics which have fpuﬁd
significan;‘interactions is the cognitive-style variable of field iﬁdependence
°  (6,7). Considered to be a rather stable tfait related to the performance of
cogn1t1ve tasks and to personal1ty character1st1cs field ihdependence haé
rece1ved a lot of attention in educational research. When restructuring
or réorganizing of the content is required for success at a £ask,’field,'
independent students-are exnecte&-tb do better than fiéld-depeﬁdent students,
They are also qxpec;ed to work more autonomously. Fiéld-dependent studénts,
on the other hand, are more adaptivé than field-independent Studénts in |
Social.situations which reduire interpersonal skills (12,13).
It is hvpothesized that differences hetween field-indemendent and field-

dependent students are related to the level of guidance of instruction, an

aspect of discovery-oriented instruction. Two studies (6,7) support this
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hypothesis; field-independent students excelled in treatments that provided
‘minimal guidance and maximal opportunityvfor di§covery while field-depen@ent
__students performed best in expository treatments which provided a great deal
of structure. |
The purpose of the present stqdy was to investigéte further the effect‘
,°f the levei of‘guidance on the learning of field-dependent students in {n—
ductive instruction, Two‘treatments were deVelpned varying the level of
.guidance. It was exnecteé that relaﬁi;ely field-depéndent studénts woul&
perform hest in the high guidanée treatment which ﬁrovided guidance in the
form of partially completed tah1es and rules, umderl}ned definitions, and
extra details in exampies. Relatively field-independent students were expected
to‘excel in fhe low guidance treatmént. Thus, when achievgmenﬁ was.regressed
on field independenﬁe, the slope of the regression liné forvtﬁe low guidance
treatment was expected to be greater than thaélof the high guidance. treat-
ment. | | |
Methcd
Subjects : ‘ ' 0T
"Students from five sections of a mathematics class for proSpective

elementary sch061 teachers were randoml? éssigned to the two treatment
grouns within each section. Ahout 18% of th; students Qere men.
| Of‘the 99 students uarticipatiﬁg'in the éiudy, 38‘were assent on one of
thevdays of phe treatment or on days used for aptitude testing or retention
testing. The treatments did not apnear to_influeﬁce the rate of absenteeism

‘in any way. Of‘the.61 students for which complete data were ohtained, 36

were in the low guidance group and 25 were in the high guidance groun.

»

. ?ffi
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Treatments

Materials from an eai.ier study on networks (1) were expanded to include

the -concepts and applications of equivalent networks, traversability of net-

works, and separating edges; Euler's formula; and other related topics. Both
treatments used an inductive sequence.of instruction, nresenting examples and
then having students generalize rules aboyt the concepts. The treatments
covered the same content, used the same examnles, and included aboﬁt the same
amount of pr;ctice. In the high guidance materials, partially completed
tables and rules were included, definitions were underlined; and greater
detail in the examples'was used. No underliniﬁg was used in the low guidance
materials and‘studehts were éxpected to make their own tables and discover
their own rules.
Tests

A:version of the Hidden Figufes Test (HFT) was chosen as the me: -~ of_
field-dependence- 1ndependence for this study. This test was aJjapted from the
original publicstion of the Educational Testing Service (5) for use in the -
INat1ona1 Longitudinal Study of Mathemat1ca1 Ah1l1t1es (NLSMA). The apnropriate
NLSMA reports - (8,11) prov1de greater detail about this test. In this siudy,
students were allowed 15 minutes for the test rather than 10 minutes as
used in the NLSMA ;tudies since NLSMA data indicated that the test statistics
Qere iqflﬁenced by a speed'factor.

The total score (verbal pius quantitative) :of students' SAT scores was

used as a measure of general ability when it was available (N = 34). Since

F'many students had not taken the SAT, the Necessary Arithmetic Operations

- (NAO) test was administered and used'hs a second measure of ggnéral ability.

: . '?(3
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Although the NAQ test is considefed a measure of general reasoning tS), it

<

correlates well with pgeneral ability in mathematics (9).

[

Thé Postiest.and Retention Test each consisted of 20 multiple choice
. _
questions, Students were allowed 15 minutes for each of these tests. The
KR-20 reliability’coefficients for the Posttest, Retention Test, NAO,iand
HFT were .66, .74, .?6, and .83, yespectively; B
Procedure'

Students and the two'instructors were randomlyﬁassigned to treatment groups
for each of the five sections p§rticipating in the study._ One instructor had
thrée low- guidance and two high guidance groups; the other instructor was
éssignéd the alternate grOuﬁs. TQo of ;he classes were morﬁing classes and
two were'afternoon CIésses; they met twice a week for 75-minute periods. The
other cy;ss met in the aftern&on for 50 minutes three times a week.

The treatments were completed by the students during'the last half of the
semester and were included in the class as part o€ the regular course work.
Students were told that they wo':ld be working on a.unit not included in
their text and that.the class would be split into two grodﬁs for the week of
instruction. The inst}uctor ana'students assigngé to the high guidance treat-
ment went to the mathematics laboratory to work on the materials while the
low guidance gfoup"reméined in the fégular classroom. Students were enééuraged‘
to wdrk independently and to direct ;heir questions to the instructor. They.
were told that the; were to'tu;n in tﬁeir paners at the end of the periéd
and that their.answers would be checked. Papers were returned at the next

class meeting with comments marked on them about errors and with suggestions

on how to look for the correct answer.
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At the end of the week of instruction, students were given a.l5-minute
multiple choice posttest. The maJor1ty of the students did not complete all
of the material in the treatments and students'were not given time to review
prior to taking the Posttest.

The Retention'fest, which wae identical to the Posttest, was administered

four weeks after students comnleted'tﬁe treatments. Students took the HFT

immediately after the Retention Test, and the NAQ was administered at the
end of the semester,.
Results

Ll SR N

Descrlotive statistics are presented in T?hles 1 and 2. Table:l includes

the means and standard deviations for all tests. Table 2 nresents ‘the

correlation ‘matrix for all tests.

As suggested by Cronbach and Snow (4), scatterplots of each aptitude
variable with both the Posttest and the Ratention Test were examined to de-

termine whetu:r or not the linear model was appropriate. It was concluded

I A

that the 11near model could be used. Analyses of the data treat1ng the Post-
‘test: and the Retention: {est as senarate dependent var1ab1es were completed
us1ng mu1t1p1e regression techn1qUes. The full mode 1 included vectors for
field -independence, general ability (NAO scores or SAT scores), treatment

and tne interaction,of each antitude var1ah1e with ‘the treatment. When NAO

- scores were used, comnlete data for the model were available on 61 subjects.

.WhenISAT”scores were used,>this number was reduced to 34,

. 78
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In all analyses for the full model, the generel ability vector was entered
first, then the field-independenCe vectot, followed by the treatment vector,
Each 1nteract1on vector was then tested to see if it made a s1gn1f1cant con-

' tribution when added to the model. If there were no significant interactions,
" treatment effects were chetked byvdropping°the treatment vector from the
model. | | |

Tests for Interaction and Treatment Effects

Tables 3 and 4 report the regression equations for eachvgtoun and the tests
%or interactions using HFT and NAQ as‘ntedietors. Since there Qere no siqﬁi-
ficant interactions, treatment effects were checked and found to be s1gn1-
ficant for both the Posttest, E(1,57) = 14 460, P < .001, and the Retent1on
Test F(1,57) = 12,891, p < .001.

Further analvses of the data were completed us1ng HFT as the only pred1ctor
and using SAT scores as the measure of general ability w1th HFT 1nstead of
NAO. In all cases, the 1nteract1ons were not s1gn1f1cant but the treatment ,
effect was, Class effects were also checked as suggested by Cronbach (2)

No consistent pattern of d1fferences in regress1on slopes occurred.
Discussion /

This study tested the hypothesis that the cognitive style of field
independence would interact with'treatments'that differed in level of guidance,
The expected 1nteract1ons did not occur. Although the slopes fer HFT were
slightlv greater for the low guidance groﬁn tﬁan fot the high guidance grOUp

2 e

-7
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as‘predicted, they were not significant;y different and were in the same '
direotion as those for general ability as measured by the NAO.‘ The slopes
for .NAO were-greatest in the low guidance treatment supporting the interpre-
. _tation of NAO scores as a measure of general ability,

Several authors have discussed the difficulty in distinguishing between
measures of field independence and general ability (4,12), This difficulty.
may be particularly importaﬁt when dealing with geometric topics:such as
._those osed in this study, In ATI studies where the geometric treatment and
the apt1tude measure for field independence depended on the same ab111ty for
complet1on, slopes tended to be relatively steep in both treatment groups
(1, 10) Just as if the aptitude were genera7 ab111ty. In contrast, when
treatments us1ng an ar1thmet1c topic were: ‘used, there were substantial
_ d1fferepces ‘between slopes when ach1evement was regressed on field indepen-
_dence (6,7). In part1cu1ar, the slope of the regression line in the high
gu1dance\treatment tended to be close to zero, -or even negative 1n ‘some cases.,
Therefore, it appears that tests like the HFT behave like aeneral ab111ty
when the treatments cover geometr1c content and like F1e1d 1ndependence when
the treatments present ar1thmet1c concepts. e | B .'_

In the present study, the possibility of finding aanTI.was made more un-
likely by'the presence of a substantial treatment effect, The achievement
scores in the high gu1dance group were consastently greater than in the low
gu1dance treatment. The top1c anpeared to be too difficult for these parti-

“cular students to master without a substant1a1 amount of guidance. Also

the students 1nvolved in this study tended to be relatively f1e1d dependent

.as is generally the case for prospect1ve elementary school teachers (13).

- 80
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-

.

‘As a result, most of the students had a cognitive style that was not well

suited to the low guidance treatment. If the same treatments Were used with

~

students that were, on the average, more field independent, then an ATI

would be more likely to occur.

In summary, the cogniiive stvle of field independence did not interact

-

with the level of-guidance of instruction in this study, even though such an
interaction has occurred in other studies usxng dlfferent content. Further

research on 1nteract10ns with cogn1t1ve stvle seems warranted

.
> e
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NOTE

This repdrt is based upon wbrk_éupportqd by the National Science Founda-

tion under Grant No. SED 77-18531. Any opinioné, finding, and conclusions

expressed in th1s report are those of the authors and do not necessar1fy

reflect the views of the Nat1onal.Sc1ence Foundat1on.
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Table 1-Means and Standard Deviations of All Tests for Each Treatment Group

Maximum
Possible Standard Number
Test Score Mean Deviation of Cases
HET | PR . . - Te s ——— Il :’_;..’"?...-"-_..'..'_'_.‘.'.-_’:
Low Guidance ~ 5.0 3.4 39
 High Guidamce 5.9 7 3
NAO " 30
Low Guidance 14,1 3.8 36
High Guidance T 3.6 25
Posttest 20
Low Guidance 7.4 2.5 39
High Guidance 10.2 3.2 32
Retention .0
Low Guidance » 5.8 , 2.7 39

High Guidance - 8.4 3.1 32




Table 2-Correlation Matrix for All Tests
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Correlation
_Tess .2 3 g
1. HFT 1.00 .23 .28 .20
2. NAO 1.00 .34 .44
3. Pasttest 1,00 .81
4. Retention 1,00
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Table 3-Regression of Posttest and Retention Test on HFT and NAO for Each

Treatment
- Regression Coefficients

Testg Intercept h HFT NAO
POSt_tESt R ST

Low Guidance 1.s9. a5 36

High Guidance : 7.85 13 .10
Retention

Low Guidance -.43 .10 ‘ .40

High Guidance 3.62 N2 ' .32

- e . . -————
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Table 4-Tests for Interaction —
- -

Dependent R® for | Change

Variable Full Model  Source  in R F P

Posttest 352 | HFT 002 ST TR T)
NAC .023 1.988 .164

Retention 357 HET .003 .262 .611

NAQ 0z ' .274 .603
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Abstract

This study tested the hypothusis that the coénitive style of field
independence would interact with treatments that differed in the use of
small groups as opposed to individual instruction. Stﬁdents (N = ill)
were assessed on “ield iﬁdependence and genéral ability aﬁd randomly
assigncé to treatments for a week of instruction. Achievement was measured
by an immediate posttest and a delayed retention test, and student ratings
of instruction were obtained. There was a significant (2.5 .05) inter-
action with measures of fieid independence when achievement was the .
depcndént variahle, but not when student ratings were used. However, the

. interaction appeared Eo be due more to general abilify than to cogn:tive
style. Also, studentsAgave significantly higher ratinés to small-group

¢

instruction.
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The Interaction of Field Independencé“with
4\,‘\ , '

Small Group Instruction in Mathematics

Research on mathematics teaching indicates that no one instructional
treatment is likely to maximize learning for all students. "Instead of look-
( .

u

ing for a single treatment that will be best for all learners, Cronbach (3)
has suggested tﬁat diéfercnt instructional strategies should be used for
students with different characteristics. Attempts to adapt instructional
treatments to student characteristics are known as Aptitude-Treatment;lnter-
action (ATI) studies.

A complete review of ATI research has recently been completed by
Cronbach and Snow (4). Although there have been many ditficulties in con-
decting ATI stadies,'Crcnbach and Snpw conclude“that interactions do exist
and that ATf.reSearch has important implications for individualizing
instruction. | , "

Recently scveral ATI.studies in mathematics have found interactions using
the cogpitivc-style vatiable of field iﬁdependence (8;9)..Fie1d independcnce
is a rather stabic trait that is related to both the-performancevof cognitive
tasks and to pc;sonality characteristics. Field-independent students tend
to. do wcil at tasks that require restructuriag or reorganization of the
content, especially if the content deals with mathematics or sciaroi T?TY.
lalso.seem to have more personal autonomy than field-dependent stua

-Ficididepcndent students, on the other hand, are more adept in social . %:.-

_tions where they seem to exhibit greater interpersonal skills. Howev.y, they

.y . ) . )

Q SR Lt E)jﬁ i ’ : ) o
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have more difficulty with tasks that require restructuring abiiity (15,16).,

These differences between field-independent and field-dependent students
seem to be related to performance in discovery-oriented instruction. For
'exdmple, in two studies (8,9) there .was a significant interaction between
field independence and the level of guidance of instruction, Field-independent
students excelled in the treatment that provided minimal guidance and maximal
opportunity for discovery, Field- dependent studcnts, however, learned more
in an expository treatment where lots of structure was provided,

In addition to its interaction with level of guidance, field -independence
seems to be related to the use of small-group instruction. Cognitive-etyle
theory suggests that field-dependent students shouldvlearn more in a small-
gronp setting,.where'theif greater social skills would be an advantage.
Field-independent students, on the other hand, would be expected to excel
in individual work, while learning in a small-group setting might hold them
back. Some support for this hypothesis comes.fronvstudies (4,6,7) where
more student discussion scemed to help field-dependent students. In thoss
studies the treatments used an induct1Ve sequence of 1nstruct10n or guided- ,
d1scovery methods and encouraged student discussion of the problems.

The purpose of this study was to investigate further the effect of
social interaction on the learning of field- dependent students in inductive
1nstruetlon Treatments dlffered in their use of small-group as opposed
to independent work. The hypothesis to be tested was that these treatments
would interact withAmeasures of field“independence.‘ Field-dependent

dstudente were expected to do better in small-group instruction, while

field-independcnt students might be ‘held back.by small-group work. Also,
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ficld-dependent students were expected to have a more positive attitude
toward small-group instruction, while individunl instruction wne thought .
tq be preferred by field-independent students,
Method

Subjects

The participants 'in the study came from five sections of a mathematics
class for prbspective elementary school teachers. As is typicai of these
clasees, the majority of the students were women; only 13% were ‘men.
Originally, 111 students completed the treatments and took the posttest.
However, some of the etudents were zbscnt on the day of retention testing
or miéseg one of the days when the abtitude tests were administered{ As a
result, most analyses were done on 92 subjects, 49 in small groups and 43
in individual instruction. Treatment differences did not seem to be related
- to student absenteeism.
Materials , . . \

Both treatment%,used the same*written material; they differed by having
students work individually or in small groups. The unit presented a varlety
of concepts related to the study of networks, including equivalence of net-“
works, traversab111ty and its applications, Euler's formula, and related
_topics. The unit.encouraged students to make discoveries through its use

of an inductive sequence of instruction, presenting first a number of
oxanples from wh1ch students could then genera112e to obtain a rule.
Students were asscssed on field 1ndependen.c u51ng the Hldden Figures
Test (HFT) and the Group Embedded Flgures Texz. ! Y. “ic version of the

HFT that was used (Hidden Figures 2-Form 271) was odapted by the National *
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Longitudinal Study of Mathematical Abilities (NLSMA) from the original
published by the Educational Tcsti%g Scrvrcu (5). for a complete discussion
of this version of.thc HFT,§06 the appropriate NLSMA' reports. (10,14).
Students were gllowed 15 minutes to complete the test.

The GEFT (17) is recommended by Witkin and his colleagues as the best
meusur; of field independence. In the present study, the combiﬁed'score
fo? the last two sections of\the GEFT was used as the student'; score.
Students .were allowed four minutes for each section. The use of two measures
of field independence is in line with recommendations by Cronbach and Snow
(4) for multiple assessment of abtityde variables.

. Two measures of general ability were included in the study. SAT scores
were obtainéd from the university records (with student,épproval) and the
‘ \
totai score (verbal plus quantitative) was used as a meaere of“éeneral
- ability. Since many students had never taken the SAT,»a\secoﬁd teét,

“ Nécggsary Arithmqtié Operations (NAO), was administered to all students.
The NAD test is believed to measure the aptitudé'of‘generhl Teasoning (5){
but it also correlate§ well with genetal°ability in mathematics (11).

A lp-item posltes* was used’ to measure studépt achiéVement; 15 minutes
were al}owed'for this test. The same test was rqadministé:ed later to
assess retention. Thé KR~20 feliabilityvcoefficie;ts were‘.éé for measures
of student achievement and around .80 for the aptitude tests.

Procedures | j\ ‘

Dur?ng_the first week of the semester students took thé HFT and NAO

tests. The study was conducted six weeks later, and retention testing

. : ] Y .
occurred eight weeks after instruction., The CEFT was administered at the

/

o .>—
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timo of retention tcsting.

" Within each section, suhjocts were randomly assigned to either small-group
or independent instruction. The only difference between the two treatment |
groups was that in one, fhe studﬁnts were assigned to work 1n | 3of
four, nna in the other students were asﬁpd to work ihdependc‘ The
small -group treatment was conducted i f:ﬁe mathematics laboratory, while
the students who worked independently stayed in the regular rln sroom. Four
of the sections met twice a week for 75-minute periods ant ~ne section met

. three times a week for 50-minute periods.

After students were randonly assigned éb treatment groups, students were
assigned to small groups according to iheir scores on a'measure of field
independence, the HFT. Each small group contained one'studen; from‘thg
highest quartile, one from the lowest quartile, and two from the middle 50%
of the scores.. This k1nd of heterogeneous group1ng tends to promote hlgher
overall achievement (13)

The two instructors were randomly as;igned to treatments for each Section.
Tﬁey toldithe studeﬁts that they were togtry to discover rules concerning

iy , ,
networks by working through the written_materiéls. Students working
ind}viduaily’wgre told ‘to wo;k by -themselves and if they neéded help:to ask
the instru¢£or.. Students working in §ma11 gréups were encouraged to work
together page-by-page and help each ether clarlfy points as they came UP'
If the group could not flgurc somethlng out, ;hen they were to ask the

1nstrpctor for help. The instructors answered questions by enqouraglng

-~
, -

studeﬁt; to look for patterns and to make discoveries,

‘A week of class time was used by the students to complete the treatments

.

ok

-_ oA -4 . \95 ' : °

-
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and to take the posttest. Most students were not nhle to complete the
material in the time allowed. Ten minutes prior to the 15-minute posttost
students were told they wor'd he taking a quiz and that they could take n
fow minutes to look through the materials to review what they had covered.
After the quiz, students were asked to rate the instructiennl unit on a
scale of one to five, and to write any comments ahout the unit that they wished.
There were no major d1ff1cu1t1es in carrying out the treatmOnts as planned,
.However in the small-group treatment' slowor students somet1mes had t;ounle
keeping up with the pace set by their ggoup. In individual instructiOQ,the
students were able to set their own pace. But students 1n the individual
treatment esked for much more help from the teacher, while the small .groups
seemed to resolve all of their questions themsclves. An umexpected event
that occurred during the treatments was a city-wide blackout that left the
last class of the day in complete darkness for a few minutes until the teagher
Could-find a classroom with, natural lighting. Although this blackout was a

surprise to hoth the students and the teachers, there appeared to he no

d1fferences in achievement in that class.

Results

Table 1 presents descriptive statlstlcs for each aptitude and achievement
measure in each treatment group, small-grouv instruction a.d 1nd1v1dua1 in- -

structlon. The correlation matrix is found in Table 2.

--—'---_--..-'---.,--..--_..—_--,-..-_--—-_--..--..o‘- .
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The data were analyzed using multiple regression techniques (4), and the

-

posttest and retention test were treated as Separaté dependent variables.
For the‘main analyses, the full model included vectors for field independence,
general ability, treatment, and the interaction of each of the aptitude
variables with the treatment. The aptitude vectors were entered in the
regression first, followed by the treatment. Then each interactioﬁ vector
was tested to see if it made a significant contribution when added to the
model. If there was no sign}ficant idteraction, then the treatment vect;t
was dropped‘from the model to see if there were significant treatment effects;
Data analyses were run with HFT or GEFT as the measure of f{eld independence,
and with NAO or SAT used és an indicator of general ability. When NAO»Qas
used, coﬁpiete data for the model were availgble,on 92 sukjects. When SAT

A

was used, this number was reduced tb 53.

v
Tests for Interaction

Table 3 presents the regression equation for each treatment groun. The

tests for interaction, using HFT and NAO as prediétors, are presented in
Q o

Table 4. The initial régression analysis used HFT scores, NAO scores, and

the treatment vector to predict. the posttest scores. When the HFT interaction

vector-was .added.to this model, ‘B? increased by .047; this increase was

significant,'fﬁl, 87) ;‘ETKGj‘E:a\,OIS, asbindicated in Table 4. The

NAO interaction vector did not cause a significant increase in 5? by itself
' \

~

(see Table 4), but when HFT and NAO vectors were both added to the model,

their joint effect was again significant, F(2, 86) = 3.58, p = .032. None

of the interactions was significant. on the retention test, although the

+

rggression.coefficients were still larger for the small-group treatment.
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When the data were ana1§zed again using the GEFT as the measurc of
field 1ndependence, none of the interactions was 51gn1€1cant. The regression
coefficients still were larger in the small-group treatment, but the differences
were legs pronounced.

Further analyses of fhe data were completed using SAT scores as the

measure, of general ability. As Table 5 indicates, the same pattern.contihued

with the regression coefficients, which were always larger in the sma;l-group

treatment.‘ However ‘this time there was “no 51gn1fvcant 1nteract1on on e1ther'
the posttest or the rétention test (see Table 6). For example, when the HFT

interaction vector was added to the model dfter the HFT scores, SAT scores,

and treatment vector, the increase in Rz was .030, F(1, 48) = 1. 96 E.’ .168.

L)

Since there were only 53 subjects in the analysis presented in'Tablé 6,
~it-$cemed likely that the drop in the number of subjects could have caused
the disappearance of the s1gn1f~cant 1nteract10n with HFT on the posttest.
Therefore, a number of regress1ons were run with a single apt1tude .variable
and W1th just the 53 subjects on which SAT data were available. These re-

gressions included only one aptitude, the treatment, and the corresponding

~
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interaction vector. In this situation, the ingeraction with HFT on the post-
test was still significant, F(1, 49) = 4.33, p = .043. Moreover, on:the.re~
tention test, the interaction vector also contributed suhstantially: For
GEFT, F(1,49) = 4.11, p = .048; for SAT, F(1,49) = 3.77, 2_= .058; and for
HFT, F(1,49) = 2.90, p = .095. However, when the two aptitudes (field inde-

pendence and general ability) were combined in the same regression equation,

none of the interactions was significant.
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Regions of Sipnificance

Since there was a significant interaction with HFT on the posttest, the
Johnson-Neyman techniqne fl);was used tolealculate the regions of significant
differences between the treatments. For this ana;ysis, the HFT scores were
used as the only predictor in each treatment group. With 92 subjects, the

J-slope was .55 for smail-group instruction and .15 in the.individnal treatment.
‘This difference in slopes was significant, F(1,88) = 6 87, p = .010. Using
a 1eve1 of slgnlflcance of .10, small-group instruction was s1gn1f1cant1y

better for students with HFT scores of 13 or more, and individual work was

better for students with HFT scores of 5 or less. Approximately 50% of the"

students had HFT scores in these two regions, almost all of them in the lower
region.

Student Ratings

Students were asked to rate the unit on networks,.and'further analyses
were eonducted.using these ratings as the dependent variahle.‘ There were
no interactions with either field -independence of general‘ability in these
analyses: However, there wés a consistent treatment effect, with most
students giving higher ratings to small-group instruction;; For example, when .
HFT. and SAT were used as aptitudes (c;Variétes), the treatment vector was
signifieaht, 5;1,45) =05;54%, p= .023. In other analysesvof student ratings,

the F ratio for the treatment effect was even larger. . } .

Other Analyses

o

Follow1ng Cronbach and Snow s recommendat1ons (4), scatterplots of each
' apt1tude varxable w1th both the posttest and the retent1on test were

constructed. Inspect1on of.these scatterplots indicated that the linear

109
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model was appropriate.

Cronbach (2) has pointed out that teacher and class effects can he
c}ucial in ATI research. 1In thlS study, however, there was no evidence of
any differences due to the two teachers who conducted the treatments,
Similarly,“qxher multiple regression analyses revealed no significant
differences due to the effects of the student's classroom.

Discussion

This study tested the hypothesis that the cognitive style of field
independence would.interact W1th txeatments that differed in the use of small
groups as opposed to 1nd1V1dual 1nstruct10n. This interaction was expected
to . occur in both the assessment of student achievement and in the student
ratings of the instructional unxt,

Whén achievement w;s Eﬁe dependent variable, there were significant
interactions with field independence that appeared in the data. However,
these interactionsMWere in the oppoéite'direction from the prediétions of
cognitive style theory. The interactions with field 1ndependence were in
the same d1rect10n as the interaction w1th general ab111ty, as measured by
SAT scores. ' And when SAT scores were 1nc1uded in the regression along with
measurenents of f1e1d independence, all 1nteract10ns disappeared. As a
result it seems reasonable tec-.conclude that the interactions that occurred
we:e unstable and probably not due to field independence. Instead they
should be attrlbuted to general ability and V1ewcd with isome cautlon..

C}ose 1nspect}pn of the data provides support for attributing the

interaétions to general ability. .Students in the small-group treitment

who scored well tended to have taken more mathematics courses than other

101



The Interactlion

3 ' , 13

students., Thié trend Qas less evident in the individual troatment, where
low-ability students got moro'héip from the teécher.

‘ Although therc werc very different pattérns of social ihteraction in
the two treatments, that difference did not appear to be related to the
signifiéant ATI that were identified. Instead, the réleyant differences in
the treafments seemed to be the level of‘guidance obtained from the teacher.
In small-group iﬁétruction, the students expected and receiyed all of their_
guidance from the printed materials and from fellow students. Low-ability
‘studenfs sometimes did not get the help that they needed.in the small
groubs since the majérity of the group was frequently mére interested in
pushi?g ahead quickly than in‘helpiné other members ﬁnderstand the concepts,

While some low-ability students appeared to rgceive ihsuffiéient help
from the smull groups, students who worked individually requested and
received help from the teacher. These diﬁferencé5‘in-the nature of ;he'

supporg-provided to students appeared to cause the ATI with general ability

and with measures of field independence. The direction of the interactions

was the saﬁe»as-for most ATI with general ability 64).

Although small-group instruction did not help students learn'any mare
overall,‘they»cléarly gave it higher ratingsktﬂan individuéi work. Even
here, though, the results are temp;red‘by'ob;e*vétion of the groups them-
selves.’ Most' students ceréainly did give highgr ratings to small;grdup
instruction, buf‘;here Q;re a number.of students who ga;e it very low
ratingé. Usually these students worked more slowly than the rest pf the .

1)

group and got too_far behind to profit from the group discussion.

102
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Occasionally studcnts hnd difficulty keeping up because thcy spoke English

as a second language. Thcse types of students secmed more c0mfortab1e work-
iné individually, |

: The difficulty of distinguishing between field independence and general
abil1ty has been noted hy a number of authors (o g., 4), and Witkin and his
colleagues are also conccrned about this problem (15). They hope to
.develop new instruments that will make it easier to separate field independencei
from general ability, as well as from fluid and general visual ability (11). n
}he difficulties involved in interpreting these aptitudes seem to be parti-
cularly crucial in instruction on geometrié*topicsﬁ When the'abtituae

measures (such as HFT and GEFT) depend on the sémé'ability that is needed

for the geometric treatments, the slopeé;tend to Be relatively steep in

both treatﬁent groupé (12). The?eforc, it is difficult to produce the kind

of ATI effect that was predicted. |

*  The use of.smaiiwgroups represenfs an important instructioﬁal variable,

but conducting research on this variable is difficult. Oné of‘thé difficulties
is statistical; as Cronbach (2) ;oints out, it is very difficﬁ to separate
the effects of the treatment from the effects of the different small groups

[y

themselves. Other difficulties include controlling student ‘and group
characgeristics, as well as the nature of the social interaction in the
groups (13). Even .though it is difficult, further research is needed to

clarify the effects of small-group instruction.,
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! Table 1

Deviations and Number of Cases for All Tests

mromeronnss

v

Maxiﬁ;m
possible Stnpdhrd Number
" Test score ' M;an E deviation of cases
HFT '16 o
 Small groups 5.5 1 3.4 57
Individual ! 5.9 3.6 55
GEFT | 18 d '
Small groups 10.6 5.‘2 50
Individual 10.6 3.9 a4
"NAO 30
Small gr;ups 14,6 4.4 | 57
Individual 14.5 o3 55
SAT 1600 \
Small groups 891 181 33
Individual 868 116 34
P‘osttes't 19 ,
Small groups. 8.8 3;1' 57
Individual 9.0 2.8 ‘54
Retention 19 .
Small groups 6.3 3.3 . 49
| Indiviédal 6.3 3.0 44J
. Evalﬁatiéﬁ :"': 5. . 4
) Small grbups B ‘ 38 1.2 52 _
~Individual .’ 3.0 1.2 48
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Table 2

, Covrelation Matrix for All Tasts

Correlation

Test | 1 2 3 4 5 6

T STWL R TR e m N B R e 4 AT e e s gy e e o

1. HFT | 1.00 .82 40,36 43 81

© 2. GEFT " 1.00 .42 .59 \45 .40
5. NAO | 1.00 56 .50 .34
4. SAT | S 1.00 43 .37

5. Posttest S & S1.00 71
6- Rctention R , 1000
»
A9
L
£, ‘
{
! J
-~
[4 ‘ . -
' ‘\ ' (-] 1 08
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Table 3

7
?,

Regression of Posttest and Retention Test on Two Predictors

for Each Treatment

" Regression coefficients

]

Test Treatment Intercept ©~ . HFT . NAO
Posttest . ‘Small groups 2.06 .38 .29

| Individual 685 . .07 . .16
Retention Small groups T 1,52 .45 .15

Individual 4.12 .36 .01
AR
\ &
¥
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_ Table 4
' Tests for Interaction with HFT and NAO
Dependent &2 for Source of

variable full model interaction _F_a P
Posttest , .366 HFT 6.36 .013
‘Retention . 293 HFT ’ 99 - .323
NAO TUTLLS0TTT 224

?Degrecs of freedor_n are (1,87) in each case.

1

: 110
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Table §S-
Regression of Posttest and Rétention Test on Field

Independence -and General Ability

Regression coefficients

Test . Treatment Intercept HFT SAT
Posttest Small groups . 2.10 . «29 .0066“m?“‘
. Individual - 6.70 .03 .0030
Retention Small groups -.01 | : .38 ;0055
Individual 6.2 . - .18 . =,0009

i3

-

.
-

111
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Table 6
Tests for Interaction with HFT and SAT
Dependent 3? for Source of
variable full model interaction E? P.
Posttest , .266 " HFT ' . 1.96 .168
| SAT .98 .326°
Retention . .315 HFT 1.54 - .221

SAT 2.51  .120

'-aDegreés of freedom are (1;48) in each case.

e ————
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ABSTRACT

.

Individual differences in general ability, locu: of control, and fieid

independence were investipated among 121 college students enrolied in

either Personalized Systems of Instruction (PSI) or 18cture sections of;
a coursefin intermediate algebra. At the end of one semester there were

no significant ant1tude treatnent 1nteract1ons, however the PSI annroach

seemed partlcularly effectlve for students who were low in general ‘ability
»and who had an 1nterna1 iszus of control 7 Final exam scores were s1gn1-.
. ficantly higher (n < 05) in the PSI groun when fleld 1ndenendence and

~ locus of control were used as covarlates, but not when general ab111tv

‘was entered in ‘the regression,

Aruitoxt provided by Eic:



“*“""‘—Tn‘the—search—£or ways to ontimize ach1evement. it S¢GNS reasonable to
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Individual Differences in Hathematics”Learning through Personalized Systems ™~

of Instruction

The immortance of individual differences in learning is frequently over-

looked in the evaluation of a new instructional strategv. Instead, researchers

14

‘tend to emphasize the overall effect of the strategv compared to other

———— .

instructional techniques. This has heen true-of research on the effective-

— .
—_—l

ness of Personalized Systems of Ihstruction~(PSI). —

P

PSI is cheracteri;ed by self-pacing, frequent testing, immediate feed-

back, a unit-mastery requirement, and the availability o? tutors. Recent

»

‘reviews (5' 10) suggest'that PS1 is generally $uperior to. lecture-discussion .

3

approaches, although dlfferences in the rate of w1thdrawa1 in. the two tynes

of 1nstruct1on raise questions about the super1or1ty of PSI classes for at

least some students.
try te 1dent1fv students who are most 11kc1v to succeed in PSI courses and
to separate thcm From students who may do better 1n a lecture- d1scuss1on

approach. The attempt to 1dent1€v characterlstlcs of these different tvpes

1 7 *

" of students is part of Antitude-Treatment-Interaction (ATI)'research. ATI

research generallv v1ewed as an outgrowth of the work of Cronbach (2), has

. turned out to he quite dlfficult. %any studies have not Found the pre-

o

dicted 1nteract1ons. Nevertheless, in a recent review of the field,

Cronbach and Snow (3) report a number of 1nteract1ons that show promlse “and

confirm the impbrtance of ATI research.

2

~
~
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A number of ATI studies have been conducted using PSI as one of the

- treatment dimensions. Sone of these (7, 8, 9) have found support for an
1nteract1on with ge1era1 ability as the ant1tude, but the evidence is not
yet conc1u51ye,(4); The nature of the hvvothes1zed 1nteract10n with PSI is
similar to other interactions with general ahility (3); low-ability students
seem to nrof1t m01e From the extra support and 1nd1vxdua1 heln that they
‘can obtain ina PSI. sett1ng, and high- ab111tv students do equally well in
seither type of instruction. | l

‘N‘Although the relat1onshin of " general ab111ty to PSI is 1mportant there .

are other character1st1cs of students that also seem relevant to student

o

performance in hSI courses. For example, several studies (10) have found
1nterest1ng reLat1onsh1Ds with Rotter's locus- ofucontrol vnrlable (6, 12).
According'to Rotter's;theory, individuals.who perceive reinforCement'aE the
result of their own hehavior.are said to.have an'internal lochs of control}
those who believe that the1r success or fa11ure is due to luck, fate, or

'———-othe1~peoole—are_sa,d_tn_haAe an external locus of control j o

The' relationsnlp of locus of. control to PSI 1nstruct1on in mathemat1cs

" has not been established. However it seems reasonahle to hynothesize that
[« .
students who are more 1nterna1 should be matched with PSI 1nstruct1on, where

.

thuy are expected to take more of the resnons1b111tv for the1r own learning.

Students with’a more external or1entation should €ind that the traditional

1

1ecture-d15cu5510n approach is more appronriate for .them.
l

Another varlable that may be related to PSI 1s the cognitive stvle of

- field independence e, 17). “In the latest revision of cogn1tive-sty1e
‘ ) . . : o .
‘theory, field independence ‘is characterized as autonomy of external referents. -
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This autonomy is expressed in terms of two different typeé of ability, rel
s;;ﬁétﬁring and intefpersonal comnetencies. Field-indenendent students have
g;eater personalwautoﬁomy and they tend to do_befter at tasks that require
them to restructure prdblé;s independentlv, Field-denendent students are
less autonomous, but abbear to get along better with others in groﬁp
situations. - ‘ - ‘ -

| These differences in cognitive stvle may also be relatea to PSI, 1t
ﬂseems reasonable to hypothesize that field- 1ndependent students should be
more su1ted for PSI 1nstruct1on where they work more 1ndeuendent1y, while
f1e1d-dependent studepts are'llkely to do better in Phe more ‘traditional
sécial sét;ing of tﬂe iecture-discussion cléssfoomf“_inhough fie}d-dependence4
indepéndepce and locus of control are similar in certain ieépeéfs£ #hey are

not ﬁigﬁlv'correlated and should be-treated as differeqt variables (6).
\

TT——

o The purnose of this studv was to identify 1nd1V1dUaI‘a1fference variables

L

that m1ght interact with mathematlcs instruction using PSI or lecture dis-
cussion anproaches. Ind1v1dua1 dlfferences in zeneral ah111ty, f1e1d

<——tndependence1 and_locuﬂ of control were o‘ primary 1nterest. Also, dlfferences i

T ———

in field 1ndenendence and locu= of control annear to he sex-related in at .

.

least some stud1es, SO sex was also 1nc1uded as a nred1ctor var1ab1e.

' » Dependen; var1ab1es~1nc1uded both_ach1evement and rate of w;thdrawal from

.

the course-.’ .
\ oy
Wethod.‘ N
[ 4V ® .

’ Sub1ect; : e \\*\

Part1ci7ants 1nc1uded ;;T\college students who were reglstered in Inter-

L
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a

.t

mediate Algebra, a regular course offered hy a large state universitv. All
students were enrolled in morning classes, with 55.in PSI and 66 in the
- lecture group. Each of the two treatment groups was about evenly divided

according to sex; 48% of the students were female.

<x

3

Materials

L

The two treatment groups used the same textbook, in add1t1on the PSI o
.group . rece1ved supplementary study gu1des to assist them in worklng 1ndependentlyl
The same final exam was adm1n1stered in both groups;'1t was a S0-item multlple
‘choice test that'was_generated fron a computerited test bank. The test was
graded by machine. ) V

'Students;hho did not take the final exam were counted as hauing withdrawn -

from the course. Therefore, the rate of.withdrawal was measured bf noting
whether or not a student took the final.

Field 1ndependence was assessed u51np the H1dden Flgures Test (HFT) as .

adanted by the Hatlonal Long1tud1nal Qtudv of Mathematical Ah111t1es (VLSWA)
~For a deta11ed descr1pt1on of this test, see the anpronriate NLSMA reDorts

- (ll) 15). /In this study the ‘KR-20 rcl1ab111ty coeff1c1ent‘for the HFT was

=Bl i ‘

" . : : T e e

Rotter's locus of control d1men51on was assessed w1th the Mathemat;cs_—-

" Achlevement Questlonnalre (HAQ),,a test based on an earl1er 1nstrument de--

veloped by Crandnll Katkovskv and Crandall (l) - As Rotter (13) and

’

_Lefcourt (6) p01nt out, the usual measures of locus of control are broad

in’ scooe and mav not be approprlate for classroom research carried out in

1 .
a oart1cu1ar subject such as mathematics. Therefore, thev recommend the .

development of more specific measures of locus of control. The MAQ is_one .

. . . ’ N

- 1'1,8‘
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such instruﬁent; it deals with.the participants' views on'mathematios,"mathe-
matics teachers, and fellow students in mathematics classrooms. - The KR-20
reliability coefficient for the “AQ was .60, which compares favorally with

.the reliability estimates for other personality measures, includfng those

of Rotter (12).. N\ . S, )

Procedurec ‘ C _ .

On the first day of class, students in both tyoes of instruction (PSI and
lecture) were 1nV1ted to nart1c1nate in the studv Thev were asked to sign

a consent form that would allow the un1vers1ty -to release student SAT scores

° -

for use in th1s study. most of them did so. : Then the HFT and MAQ were"

’

"admlnlstered allow1ng 15 m1nutes for each.

I

After the f1rst day, the students in the PSI group worked at the1r own
pace.following regular PSI nrocedurest The students in the lecture grouo
were_expeoted to ettendiolass regularly. The teacher for the two lecture»

. classes, nndeiperienqed graduate teaohing,assistant,'follbwed the typical
_ mathenatics elassroom sequence; bFirst; students were encouraqedvto ask';\

¢

questlons over the oreV1ous mater1a1 th1s was followed bv a- lecture and

L4

d1scuss1on of new mater1al, along W1th a sneC1f1c ass1gnment for the next
—~__class. ) ’
At the end of the semester, both grouns tooL the same f1nal exam at

the same time,.except for a few students in the PSI group who were allowed

' .to finish the course and the final exam early.

Results
N\Mn'—vl

Table 1 presents the descriptive stat1st1cs for all tests, and Table 2

H
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e

includes the coirelation’ﬁatrig. .The two treatment groups apveared to he
about evenly matched; there were no significant ‘differences hetween tﬁe
tfeatment‘groups on any of the aptitude measures, although scores for the
PSI group tended to be slightly higher in all cases. The withdrawal rate
was somewhat hiéher.in the PSI group,)w;ere 58% of the students dropped oﬁt
before the final exam; in the lecture group,vthe corresponding figure was

45%. This difference in the rate of withdrawal was reflected in the course :

Oy

grades of tﬁose whé took the final exan. of the>36 peonle in the lecture
Jgroun who comnléted the final e%am,.Zéuﬁassed the course; In ;he'PQIbgroun,
all but one of the peonle who took the‘final exam na;sed thg ;ohrsg, 'Qipge-
weaker séudents~were'm0re likely to- take the final qxam'if”theyﬂwere in the "
“-lecture group, their scores tended to lower éhe meﬁﬁ'and'increasevthe
standard dqviation;of final*examjscbres iﬁ.the lscfure géoﬁn. Theréfpré,

-

taution,

. -

all statistical results should be .interpreted with

14

"Thé'data wefe analyzed gsing mu1tip1e”regression‘proceduré$.a5'out1ipedu
' by .Cronbach and Snow:(S). Scatterplots 6f_the_final.exémlsﬁore with eacﬁ
gnfiidde'VariabIe indicated that a_linear model ;as anpfopriaté. The
apti;udg vectors were‘enggfed-intorfhe regresséon.equation First:.Followgd
- by the';reatﬁent vector, and then the interaction vectors. If none of.fhe
iﬁteréctioﬁé vector;'c0ntrihﬁted signiftiﬁtly“to the prov?rtioh of the

S

‘ variance -that was accounted for by the ‘regression, then the interaction .
. - o . o .

w : - - . .
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seffect, F(1,55) = 6.24, p = .016, ffivoring the PSI group. . .

- test. AS mredicted hy the theory, students with a more internal locus of
. - : : / L . i
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..{'. 8
.

vectors were dropped from the model and analysis of covariance was used to

L

test for treatment effects.
The aptitude variables to he included in the multiple regression analyses

were chosen from amon§ field indenendence, locus:of cbntrbl, genefa1~abi{jty,‘
. . ¢ : . .
and sex. Preliminary analvses of the data indicated that sex differences

Y

did not°make an immortant contribution to any of the regression analyses,

so data on sex were eliminated from further consideration.
i ° i v

. The most imnortant dependent variahle was final exam scorés. In the

first regression model, final exam scores were used as the denendent variable,

- and field ﬁndgpendénce‘(HFT) and locus of cqnt;oig(ﬂAQ) were used as aptitude

Y

variables. Data wire available on 59 students for this model, and these two

¢

aptitudes accolinted for 22% of the variance. .Neither of the aptitudes pro-
duced a significant intéraction, hut there was a significant treatment

. Tahle 3 nresents the regression equétiohs from this analysis for the

two treatment grouns.: Although there was no significant interaction, the
differences hetween regression coefficients were substantial for the MAD
- T

control (high *AQ sporqsy'tendea to learn more in the.PSI arow.’ °

4 ’

When course grade was used as the dependent variable, the regression.

'

coefficients for IIFT and “AQ were similar to those in Table 3. Again, there

2.
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were no significant interactions with these two aptitude measures. In addition,

there was no significant difference between the treatments when course grade

~

was .the dependent variable. ' = :

The .data were analyzed furtherﬁwith SAT scores added to the model along

: wlth HFT and MAQ scores. Since a number of students had never taken the SAT test,
. complete data were obtained on only 34 students, and the model accounted for 3S$
of the variance in ‘the fir exam scores. There-were no signrficant interactions

in this analysis, and ‘wis. " scores as one of the covariates, the difference

"between treatments was not s1gn1ficant FQ1, 29) = .99, p = .328,
Although there ‘was no s1gn1f1cant 1nteract1on w1th SAT, students with
* low SAT scores appeared to do. sl1ghtly better in the PSI treatment. For
'example, when final exam scores were regressed on, ‘SAT scores, the slope was
.012 in the PSI group and 042 1n the lecture group Thzs dxfference in
slopes was . not s1gn1f1cant, as one would expect glven the lack of power in
'thls case.: However, the difference is in the same" d1rectxon as that obtained

in'other’studies (4,7,8). . R _ B

Frequently studies of PSI have used the quantitative portion of the SAT = .

test, rather than total score, in their analyses.‘ Making that change in
'th1s study produced essentially the same results as those obta1ned using
.SAT total scores. The correlat1on between SAT-Total and SAT- Quantitat1ve

for this stud}:was .63.

The data were also analyzed using rate of w1thdrawal ‘as the dependent

jvariable. There were no slgnif1cant interactions between anv of the
aptztude var1ables and treatment for the’ rate of w1thdrawal And even -

‘though the rate of w1thdrawal appeared to be highér in PSI instruction,

[P - . .. .
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analysis of-covariance (using SAT as the covariate) indicated that the

difference between ;reatments was not .significant-, F(1,69) = .44, D= 509,

.

’

Discussion .
P VAAAP P .
The puruose of th1s studv was to 1nvest1gate ‘the relat1onsh1p of

1nd1v1dua1 difference var1ah1es to PSI 1nstruct1on in mathenat1cs. The most

‘var1ab1es cont1nues to be. general ability. Although this

1gn1f1cant 1nteractlons with general ab111ty, the direction

-

(Tstudy produced no

of the results was consistent with that of earlier studies 67 8 9) Students

K

who Were low.in general ah111tv tended to do better if. they were, 1n the PSI

PR SY)

group, hut the d1fferences were not large, =~ _ B .o

There was also some sunport'in this study for the hypothesis that

students with.a more internal locus of control tend to'learn more in PSI

‘

instruction. Although the 1nteractlon was not s1gn1F1cant further research

13
R

on locus of control seems annronr1ate.
Thcre was no sunnort from this studv for the hynothesized 1nteract10n
hetween f1e1d 1ndenendence and PQI 1nstruct10n. When HFT was used as the
measure of field 1ndenendcnce,'?here was verv little ev1dence of any 1nter-
action, The differences 1n regression slones that d1d occur ‘tended to be
invthe same direction as the expected interaction with general ability.; The
d1ff1cu1t1es of separating f1e1d 1ndependence fron general or f1u1d ab111ty
have been noted bv Cronhach and Snow (3), among others; these d1ff1cn1t1es
. may have been related to the lack of an interaction effect with field in-

-

- deﬁéndence. Witkin and his colleagues are aware oF the d1€F1cu1t1es involved

~

in’ senaratlng the effects of field 1ndenendence from those o€ general ability

e

!
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(16), and their continuing efforts in this aréa may heln to alleviate the
prohlem.

Although students in the PSI groun appeared to nerform hetter on the
final exam, this difference was not significant when general ability, as
measured hy SAT sqéfes, ;as<used as a éovariate. PSI studies fréqpently
show higher'achie;ement in fhe PSI groun (5,10), but it is difficult.to
identify the source of this difference. At least part of the tiﬁe it may
be related to the higher rate of withdrawal by low-ability ;;udents in the
‘PSI treatment.

betérm{;ing the overall effectiveness of PSI instructioﬁ in mathematics
is an.impdftant goal of educational research. But it is also.impottant to
try to assess the imvéct of this type of instruction on individuals with
different éhéractgris;icél Based on the resulfs of this study and others,
‘it'abpears that general ability and locus of control are important in
'asﬁéssing the effgcts of PSI, as opnosed-td lecture classes, in mathematics.

The comnitive styvle of field independence, however, does not seem to be

" related to individual differences in achievement in PSI courses.

- ] : . . 1 ‘...‘ 4
se ' o
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|
Table 1. -}Standgrd Deviations and Number of Cases for All Tests
. -. ‘ e e e
possible t " . Standard Number
Test | ~ score Mean- deviation of .cases
e e TS S
PST ' 7.3 5.6 ss
Lecture | 5.3 . 3.5 66
MAQ a0
pST - | 13.5 2.5 | 55
_ Lecture ) 12.41' | 3.0 65
| SAT 1600 —
PSI o 880 137 | 31
Lecture ' 833 145 41
Final exam 100
PSI . " 76.8 > 6.8 24
Lecture - 67.4 ' 12,2 , 36



Individual Differences

16

Table 2. - Correlation Matrix for All Tests

I " Correlation
Test . 1 2 3 4
1. HFT 1,00 .7 s L33
2. “AQ 1.00 .05 .20
3. SAT - - 100 .50
4, Final exam | | ' 1.00
0
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.Locus of Control

Ahstract

The relationshin hetween locus of control and three dimensions of discovery
learning was investipated in a.series of studies. Mathematics stndents were
randomlv assigned to treatmente that differed in level of puidnnce, inductive
or deduative sequencing, or use of small groups. A 51yn1f1cant antitude—
treatment 1nteraction occurred between locue of control and small-groun
instruction on the topic of networks. The other studies did not: produce
significant internetions. although varving the level of guidance did produce.

a trend in the. predicted direction. Using inductive or deductive sequences

of instruction did not anpear to interact with locus of control,
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locus of Control and Mathematics Instruction:

Three Exploratory Studies

The importance of individual differences 1n the learning of mathematics
is widely recognlzed, and in recent years student personality characteristics,
as well as cognitive aptitudes, have hegun to play a prominent role in re-
'search on leerning. . The search for interactions hetween student character-
istics (aptitude%) and instructiconal strategies (treatments), which concen-
~traced or1g1na11v on cogn1t1ve meastires, has now broadened its scone to in-
clude more research on personality dimensions. This change in emnha51s is
' reflected‘ih recent reviews of ahtitude-t;eatment-interaction (ATI) research
(Cronbach S‘Snow, 1977; Snow, 1977). | |

One personallty d1menS1on that has recently received some attention in
ATI research is Rotter's locus of-control varlahle (Rotter, 1966) Accord1ng
to Rotter's theory, individuals with an internal locus of control perceive
the outcomes of their actions as being due to'theit.own‘behavior; those who
are claééifiedhaé external'.however,vtend to attrihute the.consequences of
the1r actions to chance or to fate. An ihdividual's locus of control, then,

. . \
is a measure of be11ef ahout. whether one S rewards and successes (or punish-

ments and fa1lures) can he‘attr1buted~ton1nternal or external causes. For

.a‘more general description of locus of control in the context of attribution
“heory, see Bar-Tal (1978) Recent research 6nﬁlocus‘of control has been

'rev1ewed hv Lefcourt (1076) v o iV‘ o e

“

Most ATI studies us1ng locus of control have focused on the relatlon-

‘ship of this personal1ty dimension to the organization of instructlon.

RN
N
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Daniels and Stevens (1976); for exampiq. found an 1nté§ﬁ&tibn between locus
of contfbl ndd trcncments that differed in whether or not they usad
studerit-teacher contructs as a means of orpunizinp instruction, in another
study. there was an interaction between locus of control and instruction
in computer programming where treatments varied in tho level of structure
provided to the students (Parent, Forward, Canter. & Wohling, 1975). Rob1n
(1976) d1scuqses several studies where locus of control appeared to interact
“with ‘%ehav1ora1 1nstruction” (such as Keller s Personalized'System of
Instructinn) as ogppsed to. more traditiona] lecture-discussion classes.
All of these interactions were in the direc;ion predicted by the theory;
students with an internal locus, of control tended to learn more in the
treatment that ﬁave them mdre_responsibility for their 6wn learning, but
students with an external iocus of control seemed to do hetter in a more
traditional class where the teacher took responsibility fp: student learning,
The purpose of the three present studies was to extend these earlier
results on the oréanization of instruction to treatments that differgd_in
various dimensions of d1scovery learning in mathematics. The dimensions in-
cluded level of guidance of instruction; use of inductlve, as opposed to
deductlvg, seqpences of instruction; and the use of small groups, raiher
than individual work. Treatments usipg a low level of guidgnce, inductive
sequgnces,.or smull groups were dési;ned to encourage student discovery.
The cbnjecture was that' students with an internal locus of control would
do best in treatments that required that they discover conceptsdindenen-

dgently, and students with an external orientation would learn most. in an

~ expository setting.
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Methad

Three AT studies were conducted to search for interactions betweon locus
of control and three different dimensions of discovery learning. The design
of each study was the same. Students were assessed on a measure of locus
of control and randomly assigned to one of two treatment groups, “After
instruction, students weic tested for immediate achievement and then for .
retention several weeks later. After the studies were completed, SAT scores
Qere obtained from university records and nsed as a measure of genefal
abilitv

Students who nartlcipated in the three studies were enrolled in mathe-
matics classes for prospect1ve elementary school teachers. In each study f
about 90% of the students were female. StuQents were dropped from a study
if they missed one or more days of instruction; the‘distribution‘of absences
appeered to be random and not related.te the differences in the instructional
treatments. Also, many students did not have SAT scores in their student
. record file, so they were dropped from analyses that used the SAT as a measure
of generel ability.

Locus of control was assessed using the Mathematics Achievement Question-
naire (MAQ), an instrument based on an earlier measure of locus of control
that was developed by Crandall, Katkovsky. and Crandall (1965). ‘Lefcourt
(1976) and Rotter (1975) have noted that many measures of locus of control
are too general to be of use in classroom research on the learning of a
particular discipline"such as mathematics, Instead-of using a general

measure ‘of locus of control, they suggest that more narrow and specific -

&

>
O
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measures o% locus of control are neaded for specini aituntlons, Following
this suggcsﬁlon. the MAQ‘whs developed to nssess locus of control in the
specific environment of the mathematics classroom,

The MAQ used 20 items to ask students about their views of mathematics,
problem solving, their mathemntics toachers, and their follow mathematics
students, Students resnonded to each- item by choosing one of two alternatives
that represented either an internal or an external point of view., ' Scores

) from all of the studies ranged from 4 to 19, where a high score represented
an internal orientation; the overall mean was 12, The KR-20 reliability co-
efficlent% for the MAQ were in the rnnge of .5 to 6 for the three qtudies'
although these figures are not high, thev compare favorahlv W1th the relia-
bility estimates for other measures of locus of control (Rotter, 1966).

Reliahility coefficients were leo ohtained for the posttests and re-
tention tests. Tﬁese coefficieﬁts ranged from .6 td .8 in the three experi-

ments, and were judged to be sat1sfactory in each case,

Experiment 1

~.

Students in each of. five classes were r;ndomlv assigned to two instruc-
tional treatments on networks. Two instructors were randomly Assigned to |
treatments for each class. Each treatment discussed the same topics, includ-

V'1ng equ1va£ence of networks, traversability and, its anvllcat1pns, Euler' s
‘formula, and relgted concepts. The treatments d1fféred in the level of
guidanée provided to the students. In the high- guidance treatment, much of

the work was done for the students they only had to read the mater1al .

-
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fintsh filling in some of the tables, and draw some falrly obvious conclusions,
In the low-guidance treatment, howover, students were given brohlems to solve
with' very little direction from the materinls or the teacher, In this treat-
ment, students were expected to gather reievnnt data, organize it, and test
'hypothesos about networks, When students asked the teacher for answers, the

teacher told them to look for patterns in the data that would help them dis-

LIS

cover the answers independently.

In each treatment, materials were collected at the end of each class period,

(

checked, and then returned to the students at the beginning of the next class

+

period. A total of 150 minutes (one week) of class time was used for the
treatments and a 15-minute posttest. After the nosttest was completed, net=

works were not discussed in class until after the retention test was

administered four weeks later. ' ' t

)
Re5u1§§_
Descriptive statistics for the measures of student achievement are in-
cluded in Table 1. As indicated in the table, students who receiveda

higher levél of guidance performed better on both the posftest and the re-

tention test.

The data were analyzed using multiple regression techniques (Cronbach
& Snow,. 1977). Scatternlots were inspected to insure that a linear model

was. appropriate. The analysis was gone separhtely.fOr,éach_qf the dependent

variablgs, the posttest and the retention test. The independent variables

b ;
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in the regression 1nc1uded general ab111tv and locus of control as aptitudes,
the treatment, and the interaction of each’ aptitude with treatment. The
‘aptitudes and the -treatment were entered into the regression f1rst, then
each of the interaction vectors was tested to see if.it contributed signi-
ficantlv (at the .05 level) to the regression. If neither 1nteraction vector
was significant, both were dronped From the regression, and the treatment
véctor was tested to see 1f it made a significant contribution bevond that
of the two aptitude variahles. ' T

Table 2 prescnts the regression equat1ons for each dependent variable.
As predicted by the theory, the regre551on coefflc1ehts for the MAQ scores

.

were greater in the low- gu1dance treatment. However, there was no significant

v

) 1nteraction with e1ther the MAQ or SAT scores.

Y h e eeesame—e Lk T - .-

Insert Table 2 about here

Ll R kL N W LR K T ey -
2

Since neither interaction vector was significant the data were analyzed
further to test.for treatment effects. There were significant differences
in favor of the h1gh -guidance treatment on hoth the nosttest, FQ1, 25) = 13, 0,

P < .002, and the retention test, Eﬁl,ZS)_- 13.2, p < .002,

Experiment 2

Students in each of three classes were randomly assigned to two instruc-
tional treatments on measurement and approximate data. 'The treatments in-

cluded such top1cs as precision of measurement significant digits, and their
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effect‘On calculétions with énproximate data. Although both treatments
covered the same ;ohics, the topics were presented differently.. In the
inductive treatmeﬁt, students wereygiven a number of examnles to work, and
then encouraged fo generate a rule that was suggested by the examples. These
students had access to calculators to help them.work enough examnleﬁ so that
thev could discover a pattefn. In the deducti;e treatment, studeﬁts wgre '

., given tﬁe‘tules first, and then askedAto apply the rules to some simple
nroblems. These problems were conStructed so that a calculator was not
n&cessary for these students. In both treatmenfs.the teacher was available
to help students who were having Qifficulty; |

Students were given 75 minutes to work on the materials. Two days later
the posttest was administered, ;nd fdﬁr wecks laﬁer Qtudenfs were tested again
~ for retention. - ' |
Results
Descriptive data on the achievement measures are found in Table 1, and
the regrassion equations are in Table 2. The data from Exveriment 2 were
analvzed using the shmg multinle regression procedures as in Experiment,l.
;Thefc was no significant interactionihetween either SAT or MAQ scores and
Athe inductive-deéuctive treatment dimensiép, and in this stu&& there was no
consisten; pattern in.the reg;eséion coéffitieﬁts. Since there was ﬁo inter-
action effeét, the data were checked.fdi ;;eatmént differences. The differ-
eﬁce.in favor of the deductive group was significant‘on the posttést;r‘

F(1,27) = 5.47, p = .027, but not on the retention test, F(1,24) = 1.61,

p= .217.

128
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Experiment 3

3

Students from five classes were randomly assigned to two instructional
treatments on the topic of networks. The two instructors were randomly

assigned to treatments for each class. In this experiment, the twp treat-

)

ment grouns used exactly the same printed'materiajsf The only differencea

° : 9‘.3 . e
was that students worked in small groups’ in one treatment; in the other,

i
students worked individually,

‘The printed materials were written in an inductive mode, where students
were encouraged to geﬁ%ralize a rule from a number of examples. In small-
PR

- group instruction, students were asked to work together in groups of four as’ -

-

they d1scovered solutions to the problems. Students were told to ask the
teacher for hehp-if the group could not solve the problems‘ In the ind1v1dual
treatment, ‘students were told to work by themselVes and to direct their |
questions to theNX;acherj the teacher then helped students solve the problems,
S¢udents in the small groups asked the teachers very few questions. Students
in the 1ndaV1dual treatment however, asked many questions and received con-
'siderable help from the teachers.
' One week of class time was used for the treatments and a_15-minute
-posttest, Most students did not complete all of the treatment materials in
this amount of time. The’retention test was administered eight weeks later.
Results - ’ ST s - ' — " -
Tables 1 and 2 include the descriptive data for Experment 3. The same .
multiple regression procedures were .used in this experiment as dn the other
.

tWO. L R iy

There was no: interaction on the pos‘ttest in Experiment 3, but on the |

&
o (¥}



b

Locus of Control

10

G

retention test there was a significant 1nteraction between locus of control
and treatment, F(l 49) = 4,73, n_- .034, This interaction was disordinal
and in the predicted direction; students with an internal locus of control
were better off in small-group instruction, and students with an external
locus of control learned more in individual 1nstruction where they received
help from the teacher. The interaction between general ability and treat-
ment was not significant, but the i01nt contribution of the two interaction
_vectors was significant, F( 48) = 3,20, p = .050.

Since the direction of the interaction was the same for hoth SAT and MAQ
scores, it is possible that the 1nteraction could be due to only one trait
that is measured by both. tests. However, this 1nterpretation seems unlixely.
Heasures of locus of control are not highly correlated with general ability
(Rotter, 1975); in th1s study, for example, the correlation of MAQ and SAT
scores was ,07. Therefore, it seems appropriate to attrihute the interaction
with WAQ scores to locus of control and not to general ability,

Regions of significance for the interaction were calculated using con-
fidence 1ntervals, as recommended bv Cronbach and Snow (1977), when the
MAQ scores were used as - the only predictor, the confidence intervals for
the two regression lines did not overlap for scores of 13 or more. Ahout
50% of the students were in th1s region of significance. Using the Johnson-
Neyman technique (Borich Godbout, §& Wunderlich 1976) - resulted in the same.
region (for a significance level of .10). | | |

When both MAQ and SAT scores were used as predictors, the confidence
intervals for the regression planes did not. overlap in two regions. These

regions of significance included students with high scores on both tests

149
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* (13 or more on MAQ and 900 or more on SAT) and low scores on both tests (8
or less on MAQ and 700 or less on SAT). About 40% of the students ware in

these two regions, almost all of them in the region with high scores.

® Discussion

In three ATI studies using locus:of control as an aptitudevvariable, there
was a significant interaction'with discovery instruction only in the case where
: treatments differed in the use of small- group instrurtion as opposed to
indiVidual work ., When treatments differed in level of ‘guidance, ‘the
_difference in regresszon slopes -was in the predicted direction but the
1nteraction was not significant, this lack of’ Significance could be due to
the lack of power, since a samnle size of 100 subjects ‘per treatment is de-
Sirable in ATI research (Cronbach & Snow 1077) When treatments differed
in the _use ‘of an inductive or deductive apnroach to mathematics, there was
no consistent pattern of differences in the regresSion slopes. Therefore, one

‘dimension of discovery instruction that ‘appears promiszng for ATI research

with locus of control is. the use of small groups; further work on the relation-

S ship of level of guldance to.locus of control may also be profitable.

Research on the effectiveness of small grouns is very difficult to analyze.
It is hard to ascertain the effects of the dynamics of each separate small |
group, and to distinguish them from the effects of the treatment as a whole
(Webb Note 1) Moreover, the statistical questions that are involved in
| determining the effects of small groups raise problems that are not easy to
resolve using the ATI model (Cronbach 1976) Nevertheless, research on.

small groups is important and smallégroun instruction does appear:to interact

v '1..."_141"
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with locus of control. Further research on locus of contzol and various di-

mensions of discovery instruction in mathematics seems appropriate.
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Table 1
Means and Standard Deviations for Posttests and quention Tests
Standard . Number
Test Treatment Range Mean deviation of cases
Experiment 1 “ | i
Posttest Low guidance 3-13 7.8 | . 2.5 14
| ‘High guidance 4-16 : 1i.8 3.2 / 15 \
Retention Low guidance 1-12 5.6 L2 ' 14 . /
High guidanée ﬁ-lS - 9.9 3,1 f?
‘ Experiment 2 1
-pbs;gggén Inductive 2-12 62 2.6 172 | 5 
-/ Deductive -~ 3-15 . 7.9 3.1 © 1
Régention Inductive . 2;7 ' ;.8 : 1.5 _16%
) " Deductive 2.9 5.7 2.7 12 |
&2 | _ Experimen; ; . ;
Pbsttést * Small ‘groups  : 6-16 9.7 3.1 331
 Individuial  * 6-14 -9.5 2.8 34
Retention  Small groups. 2-14 7.3 3.3 26
Individual 0-12 6.5 3.0 ,4%

4
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i Table 2
- Regression of Posttests and Retention Tests
‘on General Ability and Locus of Control

Regression coefficients

Test . Treatment Intercept SAT " MAQ
Experiment 1

Posttesta Low guidance -1.1 - ;v.007 .24

#1y* guidance 8.8 © o .004 -.07

\\; Retention |  Low guidance o300 - .009 | .04

N 0 High guidance - 9.3 . 004 | -.30

| . . ' Exﬁeriment 2 E .

P&SFtest Inductive -1.0 .014 .45 ,

B | Peductive - 3.7 008 | -.20

Retention ' .“InductiQe o 1.6 .004 . -.02

. . |

Deductive 2.7 . 005 boo12

Experiment. 3 .

k

‘Posttest - Small groups 2.5 .008 © .01
_ Individual ~ 6.6  .004 -.04
‘Retention Small growps .. -2.1 w009 L2
 Individual ' 9.4 003 . | ..43
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Recent Rescarch on'Antitude-Treatment Interactions .

o

.

Wﬁch of the resedrch on instruction in mathematics has tried to nrove that
one kind of instruction is sumerior to another for all studénts. Such re-
search aenerally has,pot heen verv conclngive. An aiternétive hy%oghysis
would suggest that different students would do bes;'in different tvnes of
instruction, dgnenaing on each studenp*s characteristics. The nrohlen of
matching instructiqnal treatments with student charﬁcterfétic§ so as to
max?mize learning has come to he cailed the AptitudégTreatmenﬁ-Interaction
;(ATI) hvpothesis. Fpr a samnle'granh of an ATl see ﬁigure 1. As the figure'

indicates, a student with a high antitude score seems to learn more in treat-

ment 2, while low-antitude students do hetter in treatment 1.

\

' v
Treatment 2
) s
: -
. & ~
. g - / |
3 - - Treatment 1l
| % " ’ | : ‘
= ~
[ 3]
. <
o ;.', '. e ) Antitﬁde_%cnfev. - . .

.
i
.

Figute 1. An ekxamnle of regressinon' lines that
C = ‘show an Antitude-Treatment Interaction

o 1e9 o
O

ERIC
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ATI research, nénerallv viewed as an outerowth of the work of Cronhach

A~]

(1957), has tyrned out to he somewhat more difficult than was first

‘

nnticinatedﬂ Neverthcless, Cronbach and Snow (1977), in thelr comnrehcnsxve

review. of the fleld conflrn the existence oF AT! in a varletv of sctt1nws,_

and conclude thnt “"ATI has ‘conme of age (n. "“4) - _ -

Slnce Fronhach and- Snow comnleted thelr review, a number o‘ new ATI

? N °

stud1es have anpeared nn the mathematlcs educat1on literature. The _purpose 9

"of this parer will Je ;to rev1ew the theoretical background of ATI research, o

to dlscuss the results of recent stud1es, and to nrov1de a cr1t1que of current

tresearch in the area. : ' S _ .

. .
Y

Theoretical Backeround *

0r1n1na11v many researchers 1n‘mathenat1cs educ1t1on used Gullford' - T

1deas about ant1tudes 1n the1r search for ATI Tﬁe we1Lnesqes of thls annroach E
'§ have been descr1hed hv Cron%ach and Qnow (1977), who nrefer a more-hxernrchicol.
lé model h1sed ma1n1v on the, work. oF Pattell (1071) ‘
- Br1cF1v Cattell's theorv 1s hased on a factor analvtic model of human
ah111t1es. One can thlnk of Caftell's model as a nvram1d with peneral
ah1lity_at the ton; At the next level below general ah11ftv there ‘are n
number of. other genera;”Factors. The first: of these is Fluld 1nte111yence \a .

factor Whlch loads mainly on sgyerab perceptual culture fa1r tests. Another

1s crvsta111 ed 1nte111gence, wh1ch is rcnresented bv tests oF verhal and

numerlcal ah111tv that are similar to school ach1evenent neasures...Other

renernl Factors. such as sneed and snatxal V1sual1'nt10n, are also Found at

- N . . . . ”
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this level. More specific nrimary factors, such as flexibhility of

-

'closure and neneral reason1ng, are found at the next lower level. While
" these spec1€1c, prlnarv Factorq contlnue to play a role in ATI research,

Snow's recent work tends to put more emnha51s on. Cattell's more peneral

concepts of Flﬁld and crvstalllzed 1nte111gence (Snow, 1977h, Note 1).

a

Although Cattell's aporoach has much tn recommend it, there has heen

fes

considerable difficutty-in senarating out the effects of the various snecific,
prima¥v factors from general ahjlitv (Glaser, 1972). In response to this
nrohlenm, Glaser called.for further studv o€ the '"new antitudes'" derived from

information b;occssing annroaches to learning and from investigations of co-

gmitive style and nersonalitv characteristics.

Several® researchers have begun to annly cnncents from information nrocessing.

\

theory_te the nrohlems‘of Aflcresearch: ‘Carroli (1976) has gone hack to the
1 1963 French kit to ceanalyge'cﬁose tests in terms of Fhe cognitive processec
‘which they requ1re. “Also, Snow (1977aj has givee exannles of how an informa-

tion prt ocess1nq anproach can he used to generate promising ATI hynotheses.

Whlle these ideas are not yet well Fornulated or widely used, 1n‘ornnt1on

*

S s proce551ng theory nrov1dcs a promlslng new annroach to ATI research.
ﬁlaser s second’ suagestlon for ‘new aptitudes', comnitive styles and

nersona11tv character15t1cs,.ha< also heen¥an- active research area. Witkin's

cozn1t1ve stVIe var1ah1e, Flcld 1ndenendence, ‘has rece1ved considerable

;;,,,ateention (Witkin, “bore, toodenough, & Fox, 1977; Wltkln & Goodenough,
Note 2). © Accordxno to W1tk1n s theorv, ‘1e1d 1ndenendent students should do

wcll when thev are allowed to d1qcover concents w1th little ouldance. while

- -
>
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ficld-dependent students.will be better off in‘a more expository treatment.

A number of recent studies have. also 1nvest1gated the personalltv varlables
- of anx1ety and achlevement mot1vnt10n (Qnow, 1977b), and Rotter S- locus -of-

control variable (Rotter, 1975) has played a role in several ATI studies

(Robin, 187G). -

Recent Results

Ne

Slnce the apnearance of Cronbach and Snow's book, a number of interactions
with traditlonal aptitudes have been 1dent1f1ed Cont1nu1np an earller series

of stud1es, Eastman and Salhab (1978) reported another ATI between generql

-

reasonlny and treatments that d1fFered 1n the use of algebralc or geometrlc

)
<

aporoaches to absolure value concents. Eastnan and Behr (107/), however, d1d

9

not find an interaction with general reasoning in.a similar studv using con-

cepts from loglc. But when the treatment d1nen51on was changed to 1nduct1ve

- v

as opposed to deductive 1nstructlon two studies aya1n found an interaction

- with general reasonlng (ﬂcLeod & Adams, Note 3; Mcleod & Br1ggs, Note 4).

The qource of these 1nteractlons w1th general reason1ng 1s not clear, but it

may come from e1ther general ab111ty or. crystalll.ed 1nte111gence 1nstead of
-from general reasonlng. Other studles have also reported AT£ w1th measures
of. general ability or crysta1lized intelligence; sometimes when the treatments
differed in use of discovery approaches (Adams & cheod Note 5) or in .use
of Personalzzed Systems of Instruction (Pascarella,_1978)
Several other studies have reoorted 1nteractlons with the 'new aptitudes"
that Claser.referred to. In two studies, there was an intetaetion between

o

the cognitive style of Field‘independence and the level of puidance provided
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in a diécovery approach to mathematics (HcLeod; Carmenter, McCornack, §
Skvarcius, 1978; McLeod § Adams, in presé). In aodition, Hotek and Zweng
(Note 6) found evidence of an interaction hetweeo‘field independence and treat-
oents that apparently differed in student interaction patterns. “However, 'in a
iatér study designed to find an ‘interaction hetween Field depenoence and
small-group instructioﬁ, the pattefo of'ATI results was unstable and appeared ’
‘to be due more'to‘genefalpaoility than to cognitive style (McLeod é Adams, ‘
Note 7). In other stud1es, field 1ndeDendence did not _appear to 1nteract
"stronnly w1th the 1nduct1ve deduct1ve d1men51on of d1scoverv 1earn1ng (HcLeod
ﬁ Briggs, Note 4; Threedgill, Note 8). ' . -

Intéractions between locus of control and the organization of instruction
have oc¢curred in sevefal studiesi(Robin,‘1976); and theg interectibns haye
"tbeen in'the direction predicted by Rotter's theory. Students Qith an ioterﬂel .
~locus of control seemed to do hette; in a t{eatment woere they had more res-
ponsibilitytfor their own 1earniné, but students with an'extetnal.loeus of -
control tended to'learn more in a traditional class where the teacher took
resnonsibilitv for student orogress.‘ Similar results have now been obtained

in a studv u51ng college mathemat1cs students, where there was an interaction
2 \
" hetween locus of control and small - group instruction (WcLeod & Adams, Note 9).

In sumhary, there}has been cons1derab1e success in 1dent1fy1ng interactions
with ?eneral reasonlog, field 1ndependence, and’ locus of control Sometimes,
howeyer, replicationsfhaye been difficult to obtain. ATI studies using
field independenee, or example, seem to be less successful when the topic
of 1nstruct10n is ge metric in nature (“cLeod & Adans Note .

t
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Analvsis and Critique:

In their review of individual differences and the learning of mathematics,-
Fennema and Behr (1n nress) provide a thorough cr1t1que of ATI research nnd

esnec1ally of the "new ant1tudes" rEferred to by Rlaser (1972) Fennema and

.y ,

Behr take a rather positive view of the immact of 1nformat1on-process1ng
thEOrv on ATI research, althou"h/Cronbach -and Snow (1977) say that these
"new aptltudes" are likely to look more "traditional" by the time thev are
-applied in ATI research .Lj f5’ .

Research on personality character1st1cs is also viewed p051t1vely by
Fennema and Behr. However, the use.of cognitive style as a new aptitude
variable receiyes substantial criticisn.lboth from Fennema and Behr and from
Cronbach andv$now. Field independencelis'criticisediparticularly because of'.
the instruments used to measure it (Horm, 1976; Vernon,'lgfz). .Recent work
by Witkin &-Goodenough (ﬂote Zlnthat reletesxfield independence to Cattell's
work may help resolve some of these nroblems‘of neasurement end interpretation;

Heasurement,proolems have‘also cadsed'difficultv for‘&TI studies using

locus of control as an’ antitude var1able. Rotter (1975) has noted that nany

Y

measures of locus of control are too general to be of ‘use in classroom re-,
“search; as a result, it is necessary to develop new 1nstruments that are
designed to assess locgs of control in a specitic.environment, such as the
methematics classroom. A

In summery, ATl research is difficult to.conduct; but recent studies show
great promise. Cronbach and Snow (1977) have discussed in detail the riany
ways ln‘whlch ATI research can be improved,.and_studies condoctedlsince

‘their review show evidence that important progress is being made in the area.



A number of interactions with the antitudes of general reasoning, field
independence, and locus of control are of particular interest to the field
of mathematics education.7 Further research should help to clarify the

nature and source of these interactions.
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