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FINAL TECHNICAL REPORT

The Role of Cognitive Style in the Learning of Mathematics

Much of the research on instruction in mathematics has tried to prove

that one kind of instructiA is superior to another for all students. Such

research generally has not been very conclusive. Rather than hypothesizing

the superiority of a single treatment for all students, we believe that

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

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

treatments with student characteristics so as to maximize learning hascome

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

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

with a high aptitude -score.seems to learn more in treatment 2, while low-

aptitudestudents-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 variableg frequently turned out to

be inappropriate andlunproductive. Also, it is difficult to produce treat-

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

duce different results With different students. Nevertheless, CronbaCh 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

Qur ATI research program at San Diego State began by looking at treatment
_.

- '14.,

differences that are important in matheMatits, especiiily dimensions of

instruction that are related to discovery learning. Then we identified

individual difference variables that seemed likely to predict differences

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

relevant aptitude variables, we tried to select only those that had a strong

theoretical foundation. So far we feel that this approach has been quite

successful.

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 art just now becoming more widely

known (Witkin, Moore, Goodenough, & Cox, 1977). In the lr--,st revision of

11

the theory, Witkin,and Goodenough (Note 1) characterize field independence

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

6
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of two different types of Ality, restructuring and interpersonal com-

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

they tend to do better in cognitive restructuring tasks, especially tiiiita

that require disembedding:a particular figure from the surrounding field.

However, this autonomy in field-independent students seems to hamper the

development of interpersonnal competencies and,social skills. Field-dependent

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

appear to be stronger in the area of interpersonal competencies.

Differences in abilities and preferences between field-independent and

field-dependent students are elated to.a least some aspects of discovery

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

ficant disordinal interaction between field independence and the level of

guidance of mathematics instruction (McLeod, Carpenter, McCornaa, &

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

did significantly better when the treatment nrovided minimal guidance, while

field-dependent students seemed to learn hest under conditions of maximal

guidance. This result was confirmed in a later study using similar materials

. and procedures (McLeod & Adams, in press-b).

In another study, we investigated the relationship ofield independence

to a different dimension of discovery"learning--the use of inductive and

deductive,sequences of instruction (McLeod & Briggs, in press). In this

case we found an interaction between field independence and the sequence of

instruction on only one of four dependent variables. 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
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interaction with field independence that we were expecting. However,' there

was a distinct pattern of interactions betWeen the ,treatments and general

reasoning ability. These interactions were in the same direction as that

found by Eastman and CiIrry (1975). It is difficult to know at this point

whether these interactions can, really he attributed to general reasoning

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

intelligence (Cattell, 1971) or differences in information processing
.

strategies (Snow, Note 2). Rut "tale results 'of our first three ATI studies

were certainly encouraging, and further research seemed appropriate.

Studies. Conducted Under ('rant #SED.77 -18531

During the period of the grant we continued to''investigate the relation-

ship of individual differepces among college mathematics students to discovery

and expository instruction. We also searched for.interactions with Personalized

systems of Instruction (PSI), and conducted a number of exploratory and pilot

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

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

ing with the relationship of individual differences to discovery and expository

instruction will be discussed first.

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



appropriate revisions of these materials. In all! studies,, students who

were enrolled in n college mathematics course were randomly assigned to

two treatment groups. -,The treatments were conducted during regular class

time. Dependent variables generally included measures of immediate achieve-

ment and,retentionl Data were analyzed through the,use of multiple re-

gression techniques.

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

Mathematics InstrudtiOn Using Calculators" (see McLeod I; 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 inductive

Sequence of instruction and provided as little ,puidance for the students as

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

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

quence of instruction and provided maximal guidance for the students; this

treatment was designed so that calculators were not needed. The topic of

instruction involvecPerrors in measurement and calculations with approximate

data.

The hypothesis tested in this study was that both field 'independence

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

interactions would be in oppositf sections, as they were in the study by

McLeod and Briggs (in press). The results confirmed only part of this

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

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

did better in the deductive expository treatment than in the inductive dis-

9 .-t7



covery treatment; for students with low-scores in general reasoning, the

situation Was reversed (see Figure 1 in Appendix A), producing the desired

disordinal interaction. There wore no interactions with field independence,

probably because the treatments provided a higher level of guidance than

was originally intended.

Three other studieAall,used different versions of a unit on networks

as the topic of instruction. The first of these studies, "The Interaction

of Field-dependence-independence and the Level of Guidance of Mathematics

Instruction", is reported in full in Appendix B. (See also Adams E, McLeod,

in press). This study tested the hypothesis that field independence would

interact with treatments that differed in the use of high or low levels of

guidance. Students were assessed on field independence and also on a pre-

test that measured their achievement in.a prerequisite course. This type

of pretest can he considered a measure of crystallized ability. or, (possibly)

general abijity 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 preiVit. This interaction indicated that students who scored well on

the pretest did better in the high guidance group where a more traditional

expository mode of instruction 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-guidance treatment seemed to he somewhat easier for most
.

students than the low-guidance treatment, a second study on the topic of

10



networks was conducted (McLeod 4 Adams, in press-a, attached Ati Appendix C,

"Individual ,Difference in Cognitive Style and Discovery, Approaches to

Learning Mathematics"). For thin Study the treatments wore expanded to

include more concepts And,more problems, and slightly more structure was

provided in the low-guidance treatment. Instead of using tho protest

which had prOduced the interaction in the earlier study (Adams & McLeod,

in press), students Were assessed on measures of general reasoning and

general ability) as well as on.field independence. General reasoning was

used because Whad been an important variable in some earlier ATI'studies,

and because it coulCbe assessed using only 15 minutes of class time in

contrast to the pretest which took 50 minutes. General (or crystallized)

ability was assessed by using SAT scores that were available in the records

of the university.

There wore no interactions with any bf'these aptitude measures. .Al-

though there was a tendency toward steeper' regression. slopes in the low-

guidance treatment, the differences in slope,were quite small. There were

substantial differences between the treatment.groups, however; students in

the high-gUidance treatment scored significantly higher on both the posttest

and the retention-test.

Fdliowing another revision of the unit'an. networks a third study was

-conducted, 'The Interaction of Field Independence with Small Group

Instruction in Mathematics" (McLeod & Adams, in press-c, in Appendix D)."

'For 'this study, Only one set of printed materials was prepared. This,time

the treatments differed only in whether the students worked together in

smallfgroups rather than working individually. The printed materials used

1j
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N
an inductive sequence or instruction which was designed to encourage student

discovery, Students in the small-group treatment worked together in making

discoveries ; in the other treatment, students worked Individually and asked

the teacher for help when they had difficulty,

Since field-dependent students armere adept nt working in groups than

field-independent students, it was hypothesized that the small-group ,it

emit would be more effootive
for field-dependent students. However, Litt:

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

1111111
students appeared to do better in the individual troatmot they had

more guidance frOm the teacher. Several significant aptitude - treatment

interactions 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 probably due more to general ability than to field
a(independence.

Student's were also asked to evaluate the unit on networks. Since the

printed materials were exactly the same, any diff,rences in the evaluation

should be due 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 significant treatment effect in favor of the

small-group treatment.

There was substantial difficulty in all three network studies in find-

ing the predicted interactions with field independence. When interactions

did occur, they seemed to be dile to general ability as much as to field

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

. J .12



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

of field independence (the Group Embedded Figures Test and the Hidden

Figures Test). Since similar skills are used in each case, field independence

predicts achievement rather well in all kinds of treatments. Other problems

in measuring field independence have been noted elsewhere (e.g., Cronhach &

Snow, 1977); Witkin and his colleagues are aware of the difficulties in

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

. E 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 Systemi

of InstruCtion (PSI). A PSI course which used self-pacing, frequent testing,

and student tutors was compared to a traditional lecture-discussion approach

to the same content. The study covered one semester's work 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:

"Individual Differences in Mathematics Learning Through Personalized Systems

of Instruction.")

There is some support in the literature for an interaction effect

between general ability and PSI. The nature of this interaction is that

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

0
extra tutoring and other instructional support; high-ability students seem

13
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to do equally well in either PSI or lecture classes. We predicted that

field-independent students would do better in PSI than in lecture classes,

since PSI requires students to do more work independently. Finally,'we

hypothesized that students with an internal locus of control would do better

in PSI instruction, where students are expected to take responsibility for

their own learning; students with an external locus of control were thought

to he better suited to the traditional lecture class where the teacher

takes more responsibility for student progress.

Although no significant interactions occurred in this study, there was

some support for the predicted interactions with general ability and with

locus of control. Differences between regression coefficients were, in the

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

indenendence was used as the aptitude.

Internal - External Locus of Control,

Locus of control was investigated further in three other studies (see.

McLeod &Adams, Note 5, in Appendix F, "Locus of Control and Mathematics

Instruction"). Students who participated 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 reanalyzed using locus of control and general ability as

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

were used, only small-group instruction produced an interaction with locus

of control. Students with an internal locus. of control seemed to learn more

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

appeared to do better in individual instruction where they received help

, from the teacher.

1.4
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There were no significant interactions when the treatments differed 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 produced no sign of an interaction with locus of control.

Pilot Studies

In addition to the main studies discussed above, a number of other pilot

studies were conducted. The purpose of these studies was to test the

feasibility of expanding our earlier work to new treatment dimensions or

to new aptitude variables.

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

between field independenCe and an open-ended problem solving task. Students

from five classes for prospective elementary school teachers participated in

the study. Students were not randomly assigned to treatment groups and, one
c

instructor conducted the study aided by the regular classroom teachers.

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 receive training. Relatively field-independent

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

and they were also expected to do better than relatively field-dependent

students.

15
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The open-ended problem solving task consisted of making as many different

three-dimensional geometric figures (polyhedra) as possible from geometric

shapes (triangles, squares, and rectangles) which had been provided for the

student. Some of the students (N=50) were shown examples of prisms, pyramids,

the regular polyhedra, and combinatibns of these prior to working on the task.

These training sessions were done in a large-group setting. 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 small groups and others worked individually.

Some students also participated in ,a similar task a few days prior to this

one. These factors were ignored in the present analysis.

The Hidden Figures Test (HFT) was used as the measure of field-independence
and the number of three-dimensional figures created, by each student was used
as the dependent variable. Treatments were defined as training and no train -..

ing. In a multiple regression analysis of the data using vectors for HFT,

treatment, and the interaction of treatment and HFT, no interaction occurred

and only about 5% of the variance was accounted for by the HFT. The re-

gression.equation for the treatment which included training was G = 7.97 +

.2411 where G is the number of geometric figures created and ,H is the HFT

score. The regression equation for the treatment which did not include train-

ing was G = 7.67 + .18H.

Results from this study.were not conclusille. Although the HFT and per-

formance had a positive correlatiOn of ,22, a spatial visualization test

might be more appropriate for predicting performance in this type of task.

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

master's project paper prepared by June Dandliker at San Diego State University.

16
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Another pilot study investigated the possibility of developing

instructional units on the topic of "Mathematical Systems". Concepts in-
.

cludedin the unit were related to properties of finite mathematical groups.

The two treatments that were prepared used either discovery or expository

approaches to the same content. The-discovery treatment-used minimal guidance

and physical materials to enhance student discovery. The expository treat-

ment. provided maximal guidance and presented all concepts symbolically.

Preliminary tryouts of these materials indicated that the presentation was

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

A third pilot study was conducted to determine the possible utility of

measures of state and trait anxiety in ATI studies in mathematics. Cronhach

and Snow (1977) have noted thataasures of anxiety have produced a number

of important results in ATI studies, and they have recommended further

research using anxiety as an aptitude variable. There are several measures

of anxiety, that are now available, but the instrument that seems to have the

strongest the6i-etical support is the'State-Trait Anxiety Inventory (9TAI)

of Spielberger, Gorsuch, and Lushene (1970). The STAI consists of two

scales; the A-Trait scale is designed to measure a general disposition to

perceive circumstances as threatening, and the A-State scale assesses

.feelings of_apprehension or tension associated:with a particular situation.

The STAI was administered to.30 students, including 15 who had ,

identified themselves as being anxious about. mathematics and 15 who were

identified as not being anxious: The math- anxious group was randomly

selected from the participants in the Mathematics Anxiety Clinic at San

Diego State University in the,Spring Semester,.1978. Participation in the

17
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Clinic was entirely voluntary and open to any students who identified

themselves as math-anxious--i.e., one who avoids mathematics and is fearful
-

of mathematics classes. The other group included 15 students from the fourth

semester of a sequence of courses in mathematics f,:r 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 avoluntary basis. The A-Trait scores resulted in 4 mean of 41

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

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

in scores was significant, t(1,28) = 2.43, .01. Compared to other groups

of college students, where the mean on this scale is typically about 38

(Spielberger et al., 1970), the 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 mathematics.-classrooM, the math-anxious group had a

mean of 52 with a standard deviation of 14, whi:1 the other group had a

mew) of 32 with a standard deviation of 7.3. In this case the differences

bt.itteen the two means was also significant, t(1,28) = 4.83, 2. < .001. Even

though we recognize the fact that these significance tests are being

applied to data,that'do not satisfx all of the assumntions of the statistical

model, these results seem reasonable and help'to confirm the usefulness of

the STAI kn identifying students who suffer from anxiety in mathematics

classes. Therefore, wesuggest that the STAI be used in ATI studies in

mathematics, along with other measures of anxiety that prove to be appropriate.

18
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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.
t I

Component A, Discovery with Calculators, was completed as planned. The

pilot study was relatively successful and the main study (McLeod F, Adams,

Note 3) is reported in Appendix A. This paper has been accented for. pre=

sentation at the Annual Meeting of the. American Educational Research

Association in San Francisco 'during April, 1979, and it has alsobeen sub-

mitted to both the ERIC system and a research journal.

Under Component B, Discovery with Physical Materials,, we completed a

pilot study (discussed above) that indicated our materials were too difficult

for the students who'were intended to he our subjects. s a-result, no

further studies were conducted in Component B.

Three studies were completed as a part of Component C, Networks. Reports

Of these studies are included in. Appendices B, C, and D. Two of these papers

presentation at. the 1978 and 1979 Annual Meetings of the

National Council of Teachers of Mathematics-(in San Diego'and Boston, re-

spectively) and all three have been accepted for publication- (Adams & McLeo

in press; McLeod ,:Adams, in press-a, in press-c).

We completed more work on Component D than the original proposal called

for. The report of this study is included in Appendix E, and it has been

submitted to a journal for, publication (McLeod & Adams, Note 4).

No replications were completed as a part of Component F. Treatments



Comnonents Sept. Oct. Nov,' Dec. Jan. Feb. 'far. April lay June July Aug,

A: Discovery with DEclapent and Conduct Experiments Analyze Data and

Calcalators Pilot Testing Write Reports

...m......)1111.

Nscovery with Development and Conduct Experiments Analyze Data and

Physical laterials Pilot Testing' Write Reports'

.11.0 ..111.

0

Networks Revise Conduct experiments

Analyze Data and Write Reports

.P.10.1.11=.=11./.1.

D: PSI DeVelopnent and Pilot Tenting

E:. Replications

Explorations

Conduct Experiments .

Analyze Data and Write Reports,

Development and Pilot Testing,

11.1.....11.".11...

1.1

Figure 2. Schedule of activities.
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from other'ATI studies were either not available or not appropriate for

our students.

A number of exploratory and pilot studies were completed as a part of

Component F. The pilot studies of problem solving and measures of mathe-

matics anxiety are 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, Note 5) . .

In summary, work in four of the six components (A, C, D, F) outlined

in Figure 2 met or exceeded the goals set in the proposal. This work has

resulted in six papers, including four accepted for publication in pro-

fessionai.journalS or for presentation at national meetings, and two sub=

mitted for publication, but not yet accepted.

Conclusions and Recommendations

The cognitive style variable of field-dependence-independence has pro-

duced a number of significant interactions, but not consistently in all studies.
a

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

ling a .05 level of significance is to be exPected. Since studies with a

reasonable amount of power are prohibitively expensive, and since so many

instructional variables are difficult tb control ATI research will continue,

to have problems with replications. Nevertheless, ATI research on field

independence and levelNof guidance seems promising. It appears that studies
x

in which the treatment uses "nn - geometric content-are likely to be more

successful th'n thOse using geometric content. However, when more adequate .

measures of field independence are,developed, the content of the treatments



18

may become less important.

Another difficultyin doing research on field independence is its ill-

defined relationship with 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 interactions that have occurred between general 'reasoning.and in-

ductive instruction provide another fruitful line for further research. The

results of these studies are subject to varying theoretical interpretations...

It is possible that crystallized ability, rather than general reasoning, is,

actually the operative variable in these studies. It is also possible that

tests of general reasoning may actually be described more accurately in

terms of an information processing model. For a more thorough discussion of1

these possible theoretical positions, see Appendix A. In any case,' more

research on the relationship of general reasoning and' inductive insAiuction

is certainly needed.

Finally, internal-external locus of control is another variable that

warrants further study. Again, there are difficulties in assessing this

dimension, but the inStrument-develuned through this grant seems particularly

appropriate for assessing locus of control in mathematics classroomS.

Differences in' locus of control seem important in small-group instruction

and in PSI classes; other instructional variables such as level of guidance'

may also interact with locus of control. More research on this variable is

needed to assess its influence in mathematics instruction.
,

For a more thorough discussion of the work of this project 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

Directors sponsored by the National Science Foundation Division of Science

Education Development and Research.(McLeod, Note 6).

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

have not yet been thoroughly investigated in the context of the mathematics
1,

classroom. In the last, two decades the difficulties of doing _ATI research

have become all too clear, .and many 'researchers in mathematics education

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

matching instructional treatments and student characteristics so as to

optimize achievement. But the results of this project, along with current

studies that refine our conception ,of aptitudes, show that ATI research

still holds great promise AS, a means of improving our understanding of the
, .

teaching and learning of mathematics.
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Aptitude-treatment Interaction

Abstract

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

independence and general reasoning, and randomly assigned 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

discovery group used an inductive sequence with minimal guidance, and provided

, calculators to help students discover concepts and rules independently. The

vv& of instruction involved errors in measurement and calculations with

approximate data. There was a significant interaction with general reasoning

on the retention test,as predicted. There were no interactions with field

independence.

\a,
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Aptitude-treatment Interaction in

Mathematics-Instruction-UsingCalculators

Aptitude-treatment interaction (ATI) research, generally viewed as an

outgrowth of the work of Cronbach (1957), has turned out-to be more'difficult

than originally expected. Simple hypotheses about matching student abiliti.;

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 -important to educational practice.

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

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

actions in the literature, especially with inductive and deductive instruction

(Cronbach & Snows 1977, p. 320, 371), that do not seem to be related to

general ability. General reasoning is one of the aptitude variables that is

frequently involved in these more 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 deductive sequence of instruction (Eastman & Carry, 1975;

McLeod & Briggs; in press). There are also studies that have failed to find

the expected interactions (Behr & Eastman, 1975; Eastman & Behr, 1977), but

this may. have been because the level of difficulty of the treatments was

not appropriate for the students.

The theoretical framework for these interactions with general reasoning

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

general reasoning are closely related to general abj.lity in mathematics.
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In ATI studies, however, general reasoning seems to function quite differently

from general ability. 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 treatment, the reverse of what one usually finds for

measures of general ability. To explain these interactions', Cronbach and

Snow have suggested that a test of general reasoning might be a measure of

crystallized ability, or achievement in traditional school subjects; therefore,

it could be expected to produce.steeper regression slopes in more traditional

deductive instruction (Snow, Note 1). Carroll (1976) has analyzed the aptitude

of general reasoning from a different perspective, using the concepts of

information processing theory. From this point of view, general reasoning

assesses the ability to perform serial operations, which seems to correspond

to the more direct sequence (rules followed by examples) of deductive

instruction.

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

ability is that it is difficult to separate the effects of a specific

aptitude from general ability. The difficulties with traditional aptitude°

,constructs led Glaser (1972) to call for research with "new aptitudes", in-

cluding dimensions that are related to personality variables such as

cognitive styles. One cognitive style variable, field independence, haS

received considerable attention in educational research (Witkin, Moore,

Goodenough, & Cox, 1977). In a recent revision of cognitive style theory,

Witkin and Goodenough (Note 2) sugg6st that cognitive restructuring ability

and personal autonomy are the two characteristics on which field-dependent

and field-independent students differ. Treatments that provide minimal

30.
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,structure and guidance should be appropriate for field-independent students,

since they can provide their own structure and work autonomously. Field-

dependent students, however, should excel in a highly structured treatment

which provides careful guidance. Some studies in mathematics education

have found-ATI that support this theoretical position (McLeod, Carpenter,

McCornack, 6 Skvarcius, 1978; McLeod & Adams, in press), but other studies

have not produced significant interactions.

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

variables, general reasoning and field independence, that ha;re produced

significant interactions with two dimensions of discovery learning, level,

of guidance 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 minimal 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 background for these two aptitude

variables, it was predicted that field-independent students would do best

in the discovery treatment, while students who scored well on tests of general

reasoning would be better off in the expository group. Rephrasing this

hypothesis in. terms of regressionslopes, it was predicted that the re-

gression of achievement on field independence would be steeper in the dis-

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

-reasoning would be steeper in the expository group.
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Hethod

Subjects

Students from three sections of a mathematics course for prospective

elementary school teachers participated 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

subjects, 24 in the expository group and 23 in the discovery group. Other

students were absent for one or more days of instruction and testing. The

rate of student. absenteeism did not appear to be related to differences in

the treatment groups.

Treatments

Two instructional units were. prepared on the topic of errors in measure-

ment and their effect on calculatiOns with approximate data. This topit was

suggested by the Report of the Conference on Needed Research and Development

on Hand-held Calculators in School fathematics (1976). The treatments in-

cluded such concepts as precision of measurements, significant digits, and

their relationship tooadding, subtracting, multiplying, and dividing

approximate data. Both treatments covered exactly the same concepts, and

studenti were given about the same amount of practice in solving problems.

However, the concepts were presented in different ways in the two treatments.

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

quence, with definitions and rules followed by examples. Students were,given

maximal guidance; sample problems were worked out completely before students

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

could be worked easily without a calculator. In the discoyery treatment,
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however, concepts were presented in an inductive sequence. Students first

worked out several examples, using a hand-held calculator'when it was needed.

Students were then encouraged to generalize and produce rules that would

follow the examples. Although the students were given an opportunity to

discover the rules, the materials did provide the rules to students who did

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

available to help answer student questions.

Tests

Field independence was measured using the Group 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 of the HFT that was used (Hidden Figures 2--Form

271) was adapted by the National Longitudinal Study of Mathematical Abilities

(NLSMA) from the, original of the Educational Testing Service (French,

Ekstrom, Price, 1963). For a complete discussion of this test, see the

appropriate NLSMA reports (Romberg & Wilson, 1969; Wilson, Cahen, &

1968).

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

Since the GEFT is relatively easy for college students, subjects were given

four minutes for each part, rather than five. The version of the HFT that

was used was rather difficUlt,,' so students were given 1S rather than 10.

"minutes for that"test.

The HFT was used along with the.GEFT in order to provide a second

measure of field independence, a proCedure in line with the multitrait-

multimethod approach to measuring aptitude that is recommended by Cronbach
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and Snow (1977).

The most common measure of general reasoning in ATI studies is the

Necessaiy Arithmetic Operations (NAO) test (French, Ekstrom, & Price, 1963).

In order to distinguish between scores on the NAO test and general ability,

students were risked to allow the university to release their SAT scores.

Most students agreed to this request, but only 28 of those subjects actually

had SAT scores on file.

A 20-item posttest that covered all of the concepts in the unit was used

to measure immediate achievement. A subset of 10 items was used to measure

retention, Tha retention test covered only the parts of the unit that had

been completed by most participants. Fifteen minutes, was allowed for the

posttest, and seven rhinutes for the retention test.

TheAR-20 reliability coefficients were judged to be satisfactory on

all tests. nf/ 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 term,

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. They were told that they, would get their chance to work

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.

ON

At the beginning of the treatments, students were given a briefintro-
.

duction to the materials and were encouraged to work independently, direct-

ing their questions to the teacher. At the end of the first day of the

study, the materials were collected and graded. P1ost students were not able

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

Descriptivestatistics are presented in Tables 1, 2, and 3. Table 1

includes the means and standard deviations for all tests; scores ranged

widely among students, but there were no large differences between groups.

Table 2 presents the correlation matrix for the aptitude and achievement

tests. Correlations between the NAO test and the two measures of field

independence were somewhat higher than one usually expects. Also, there WES

a strong correlation between the posttest and retention test.. Table 3 presents

,the regression equations for each group, using HFT and NAO as predictors.4

Substitution of the other measure of field independence (DEFT) for the HFT

scores produced similar results.

Insert Tables 1-3 about here
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' Tests for Interaction

The' data were.analyzed using multiple regression techniques. The two

dependent variables were treated'separately. For the main analyses, the

full model'inclUAed vectors for field independence (UT, GEFT, or their sum

NAO, treatment, and the interaction of treatment with each of the aptitude

vectors. NS' these vectors entered the equation (in the specified order),

the change in.
R2

due to each interaction vector was calculated. On the

retention test, the interaction of NAO and treatment was significant (see

Table 4) and in the predicted direction.

Insert Table 4 about here

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 only predictor. The slope for the expository'

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

is significant, F(1,43) = 6.96, p =

a
Insert Figure 1 about here

The data were analyzed further in several different ways. Scatterplots

of ,each aptitudeyariable,with the two achievement measures were constructed;--

in each case the use of linear models seemed appropriate.
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Other measures of field independence (GUT, the sum of HFT and,GEFT)

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

esspntially the same as those reported in Tables 3 and 4. There was still

an interaction With NAO on tho retention test, but not on the posttest. There

were no interactions at all with field independence.

Since there was no interaction on the poSttesr, it was appropfiate to

. . . .

test for a difference between treatment Group means, when using HFT and NAO

as covariates. 'Nb' difference was foixnd, F(1, 43) = .67, a = .418.

The kmportance of class effects has been emphasized by Cronhach (Note 3),

so the data were reanalyzed taking into account the student's class and

possible interactions of class with treatment, NAO, and the treatment- by -NAO

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.. nteraction

The data were analyzed further to determine whether the interaction

with NAO could be attributed to general reasoning alone, or whether it should

be thought of as an interaction with general ability or crystallized ability.

The analysis began by considering the 23 subjects on which SAT data were

available. The sum of the verbal and quantitative parts of the SAT were

used as'a measure of general ability. There was no evidence of any inter-

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

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

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

3
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accounted for about 390 of the.variance, substantially more than the 1% duo

to the. SAT-by-treatment vector, Of course, neither of theswinteractions

was significant, since there were only 28 subjects in this analysis. , However,

these data provide some support for attributing the interaction with NAO

to the aptitude of general reasoning rather than to general ability.

Further information on.the nature of the NAO interaction was obtained

by considering the difference of the standardized scores for HFT and NAO.

Cronbach and Snow (1977, p. 84) state that two predictors behave'differently

X
if their standard-score difference interacts with the treatment dimengion.

The interaction between treatments and difference scores was not significant,.

F(1, 43) = 1.97, 2. = .168. The sum of the standardized scores for NAO and HFT,

however, did interact with treatment, F(1, 43) = 4.804, D = .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 rather than to the more

specific aptitude of general reasoning.

Regions of Significance

Regions of significance for the interaction represented in Figure 1 were

calculated in two ways. Following Cronbach and Snow (1977), confidence inter-

vals were computed about each 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 significance for this interaction were for

NAO scores of less than 13 and more than 17. These two regions included SS%

of the students. Students with NAO scores of 17 or more did better in the

expository group, as predicted, while students who scored less.than
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achieved more in the discovery group,

The Johnson-Neyman technique (Borich, Godbout, 4 Wunderlich, 1976) is

another method of calculating regions of significance. For a level of

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

the interaction in Figure 1 to ho almost the same as in the analysis using

confidence intervals,' For the Johnson -Neyman analysis', the upper region'of

significant differences included 'scores: of more than 13, The lower region.

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

regions of significance in the Johnson-Neyman analysis included 490 of the

students.

Discussion

Thii study tested the hypothesis that ATI would occur between two

aptitudes, field independence and general reasoning, and treatments that

differed in dimensions of discovery learning in mathematics. Field inde-

pendence was expected to interact with the treatments since they differed

in the level of guidance provided to, the students. neneral reasoning was

expected to interact with the treatments since they differed in the use of

deductive or inductive sequences of-instruction. The ATI with general reason-

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

this study helpsto confirm the existence of an ATI that has appeared in

several other studies (Cronbach 4 Snow, 1977; Eastmah &Carry, 1975; McLeod

4 Briggs, in press).

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

as measured by the NAO test, it 1s still not clear whether this interact4kon

can be attributed to this specific aptitude, or whether it is the result

Of general or crystallized ability (Cattell, 1971). Data from the present
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study were not conclusive on this point. Further investigation using an

information processing approach may help to explain the effects of this

aptitude variable. It seems likely that sequence differences in treatments

may be related to fixed, as opposed to flexible, sequences of information

processing. In this study, it appeared that students with high NAO scores

were less fleXible in terms of adapting to instruction using an inductive

sequence where students were supiosod to make generalizations with the

assistance of hand=held calculators. In this interpretation, the ATI of

this study fits nicely into Snow's recent work (Snow, Note 1) on the

relationship of crystallized ability to ATI. Since the interaction occurred

only on the retention test, it may he that these differences in information

processing are only important when they involve retrieval from long-term

memory.

The expected ATI with field independence did not occur. The major reason

for this appeared to he that the treatments provided more guidance than was

orginally intended. This-extra guidance was provided partly beccause the

students requested, even demanded, considerable help from the instructor

in the classroom. Also, treatments frequently need to be "tuned" in order

to produce ATI, and appropriate revisions of the treatments used in this

study could result in instruction that provides sufficient; but minimal,

support. Such a revision might produce the expected interaction with field

independence.

Ifi summary, this study identified the expectedATI with general reason-.

ing (as measured by the NAO test) but not with field independence. .Further

research on the topic seems appropriate. It used to he sufficient in ATI
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research just to find an interaction; no one worried a great deal about

whether the ATI could be attributed to a specific aptitude as opposed to

general ability. But now more detailed informatiOn is necessary as

researchers try to build a theory of aptitudes and interactions. These

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

progress.
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. Table 1

Means and Standard Deviations of

All Tests for Each-Treatment Group.

Test

Maximum

possible

score Range

Discovery Expository

Mean SDMean SD
ow IPft.

..

-HFT 16 0-16 5.6 3.6 4.9 3.5

GEFT 18 0-18 9.8 4.5 3.8 5.7

MAO 30 3-24 13.8 3.9 13.8 4.5

Posttest 20 0-15 5.9 2.6 6.3 3.1

Retention 10 0-9 4.6 1.5 4.4 2.7
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Table 2

Correlation Matrix for All Tests

Correlation

Test

1.

2.

3.

4.

5.

1 2 3 4

.39

.50

.61

1.00

5

.43

.41

.54

.72

1.00

liFT

GEFT

NAO

Posttest

Retention

1.00 .54

1.00

.53

.43

1.00

4

20
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Table 3

Regression Equation Data for Each Dependent Variable

Intercept

Regression
Dependent

variable Group

coefficients

HFT NAO

Posttest Discovery .66 .35

Expository .08 .12 .41

Retention . Discovery 3.40 .12 .04

Expository -1.34 .08 .38

118 4
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Table 4

Tests for Interaction

ChangeDependent R
2

for

variable full model Source in R- F E.

Posttest .391 HFT X Treatment .003 .20 .657

NAO X Treatment .001 .10 .753

Retention .419 HFT X Treatment .020 1.2S .270

NAO X Treatment .076 5.33 .026
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Discovery: y = 3.4 .09X

Expository: y = -1.5 + .42X

10

5 10 15 20

Necessary Arithmetic Operations Test

25 30

Figure 1. Interaction of NAO test with discovery and expository

treatments on the retention test.
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Abstract

This study investigated the relationsftip between the cognitive style variable

of field-dependencp-independence and instructional treatments using high cr

low guidance in a unit on networks. The 97 subjects, all prospective

elementary teachers, were pretested on cognitive style (using the Group

Embedded Figures Test) and on mathematical achievement (a measure of

crystallizrd ability.), and randomly assigned to treatments. Following

instruction. students were.tested for immediate achievement and then re-

tested 5 weeks later. There were no interactions with field7dependende-

independence, but there was a significant (p < .05) interaction with crystallized

ability on. the retention test.
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The interaction of Field- Dependence''- Independence .

and the Level of Guidance of Mathematics. instruction
7

Attempts to individtAlize instruction have traditionilly .invo1vOd'var;1.nD
I

the rate of instruction and relatively, Tittle atTention been giyen to

adapting the method of instruction to student characteristics. Cronbach

(1957) recommended that researchers try to find antitudes Which interact

with variations i.n instructional treatments and to desinn instructional treat-

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

of adapting instructional treatments to indhildual differences is known as

1.

aptitude-treatment-interaction (ATI) research.,

In general, the.results accumulated from ATI studies have been leSs

than satisfactory, and few significant interactions have been found:

Cronbach and Snow (1977) state that aptitude-treatment interactions do exist

and that while no interactions have been confirmed well enounh tm.he used

as guides in making decisions about instruction, much has boon learned.

They feel that what the results do indicate is that it will take more than

just a few years of research on a limited scale to produce both solid

thEforY and useful generalizations about aptitudes and instruction. For

revieWs'of ATI research, see Berliner and Cahen (1973),'CronbaCh,p975i,

Cronbach and Snow (1977), and Tobias (1976).

"In mathematics education, some recent studies successful IA finding

ATI' have usod the cognitive style of field- dependence-independence a

an aptitude variable. Individual differences in field-denen6.nce-
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independence are identified on a continuum determined by the-extent a

person perceives analytically. Students who are relatively field- dependent

find it difficult to restructure a-situation in order to solve a-problem

or to impose structure on materialwhen structure is lacking. On the other

hanc field-Independent students are more capable of taking a critical

element out of context and restructuring a problem In Order to use that

element in4a different context,.

Another aspect of
field-denendence-independence'which may be important

In developing instructional materials is that the effect of cue salience

Is greater for field-dependent than for field-independent students. Field-

dependent students also favor a spectator approach to learning while field-

indooendont students favor a more active approach. Witkin, Moore,

.Goodoeough,and Cox. (1977) summarize the educational implications of the
r^v

fleld-dependentndepondent cognitive, sty!es.

An Investigation of"the,relationship between field - dependence-independence

and exnository vs.dIscovery learning was done by McLeo1d, Carpenter, McCornaCk,

and Skvarcius (1978). Treatments were based on two levels of guidance

crossed with two levels of abstraction; the topic was numeration systems.

The,results support the hypothesis that field-independent students will
. /

perfor0 best when allowed to work independently while'field-dependent

students perform best-when given extra guidance. -

McLeod and Adams Mote I) attempted, to replicate the above-study. by

investigating the intoractiori between field-dependenCe7independence and

manipulative materials Used/in a discovery mode vs symbolic materials used

in an expository mode.' Again, a significant, interaction was found on a'

if



The Interaction of

4-

-posttest where questions were presented symbollciilly.

McLeod and.Briggs (Note 2) used an inductive vs, deductive approach with

field-depandence-independence'as one cif two aptitude variables. A signi-

fIcant-interaction between
geld-dependence-independence and the sequence

of jbstruction based on inductive
and deductive approaches was found,on

only the transfer test. While- field- dependence - independence seemed to
Interact dependably with level of guidance in two earlier studies, its

interaction with sequence of instruction
appeared to be less consistent.

For a thorough review of ATI research, including a discussion of -.field-

dependence independence, see Cronbach and Snow (1977). They indicate that
field.independence could.represent fluid ability and that field dependence
may.i-enrnsent a deficit rather than a cognitive style. However, Witkin and
Goodenough (Note 3). feel that

lield-dependence-independence is a dimension
of individual

differences-related to the individuals reliance on internal
-and external referents and-conforms=to the concert of style rather than
the concept of ability. 'WitkIn and Goodenough suggest that field-dependence-

IndOpendonce is bipolar and that field-independent persons are more adaptive
in situations requiring cognitive restructuring- skills; field-dependent

individuals, on the otherhand, are more adaptive In situations which°
involve social skills.

In the present study using the topic of networks, the Interaction between
level's of guidance and

field-dependence-independence.was investigated. Also, a
pretest was used.as a measure of general mathematical abilities. Two levels.
of guidance, low and high, were chosen varying the amount of structure, cue

salience, and active involvement by the student. Materials were prepared on
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.the basis of the models suggested by Salomon (1972). The high-guidance

Treatment (HG) was designed as a compensatory
treatment for field-

dependent students. The low-guidance treatment (LG) was designed as a

preferential treatment for field-independent students.- It was expected
that the slope for the regression line from the preferential treatment
weuld be much greater than that of the slope from the compensatory treat-
ront. The slope from the compensatory treatment was expected to be nearl.e
level and In that way a significant

interaction would be obtained.

Method

Stu:fonts from four sections of Math 2103, the second semester of a course
designed for prospective elementary school teachers, participated in the stud'
Althe ugh the majority of students were juniors and seniors, there were a few
freshmen, soph,moreis, and graduate students enrolled. Also, the mojerity of
-,teents:in these classes were women. Only in Were men.

A total of 132 students were originally enrolled in the four section
There were 16 students that dropped the course before the study was corn -

pleted and 19 . students that wore absent on one of the three days used to
conduct the study and retention te t. Of the 97 students,completing the
study, 51 were in the low- guidance group and 46 were in the high-guidance
group.

Materials

Two treatments, both inductive, were developed on the topic of networks'.

v6
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Concepts presented Included equivalence of networks, traversability, and

applications: In the treatment for the high - guidance group, partially

completed tables and rules were included in order to compensate for the

field-dependent students Inability to provide structure. rouble spacing

and underlining of key words were used since the field-dependent student

seems to need help in identifying relevant cues. The. low- guidance treat-

ment did.not provide tables nor provide help with discovering the rules. It

did include short questions throughout the treatment in order to keep the

students actively involved in thn treatment. These were omitted from the

high-guidance materials where students were given the same information In

an expos1tory.fashion.. Both treatments presented the.same content on

networks,-used the same problems,' and. provided about the same amount

of practice.

The Pretest consisted.of 27 multiple choice questions on concepts

normally covered In the first semester of `the course. In this study, thp,

Pretest was used as another aptitude variable,along with the ranasurn of

field-dopendence-Independence. 'The Group Emiiedded-Figures Test (GEFT).

was used to.measure field-dependenceindependence Oltman, Peskin,

Karp, 1971). The first section of the GEFT Is used ,for practice. The

second and third sections each have nine figures and students are ellowod

five minute's for each part. In the present study, the combined score for

the last two sections .was used as the GEFT score.
.

The Posttest and Retention Test contained three subsections intended
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to measure comprehension, applications, and analysis.

Procedure

The study was run during
regular-class periods early in the semester.

All classes met twice a week for 75 minutes. One class met on Mondays and
fldnesdays and three classes met on Tuesdays and Thurs'days. All were

afternoon classes.

Students wore randomly assigned to two groups within each class.. The
-ko instructors for the four sections participated in the study and were
randomly assigned to groups with the restriction that each have two low-
nuidance groups (LG) and two high- guidance groups

On-the first day of class, the game-lof Sprouts was played. While this
was not part of the study, it se'rved as introductory material to. the study
and later proved

to_introduce some set breaking problems for the students.

Euler's formula was discussed the second day of class. Again. while it'
was not pare of the study, it later proved to introduce set breaking inter-
ferencewith the study. The last. 50 minutes of class time on.the -2nd

' day were used to Administer the Pretest.

On the third day ofciastv the ciesses,split Into two groups. The LG
group remained in the classroom and the HG groun went to the math lab. The
study was introduced by telling the students that It was a lesson related
to what they had been doing but with a different approach. They were
asked to-work on the materials by themselves and turn in their papers at
the end of the period. Thoy were told that their papers would be returned
to them the next period.
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Papers were returned on the fourth day of class with comments marked

on them about the errors. In the'HG group, errors were corrected by the

grader. In the_LG group, students were not told the correct answers; instead

`t6uy were asked to look for different patterns and to try to use the vocab-

ulary used in the lesson. Students were told that there would be a quiz over

the material and were given the opportunity to review and then take the

Posttest after. 15 minutes if they were finished. The rest of the class

started the test after 30 minutes. All wore told that the test would not

be part of their grade for the course and that they were to try to do their

best. Students were allowed 30 minutes to complete he test.

After the study and Posttest were completed, the, materials were no'?

discussed in class until after the Retention test was administered five

weeks' later. On that day, the GEFT waz administcmd first, and then the

Retention test and the answers to the Retention test we'- discussed. Also,

the teacher answered student questions about the materials.

Results

Hultiple reoression techniques (Kerlinger_A F5edhazur, 1973) Opr7 used

for analysis of the data. A separate analysis was Completed for the P!)st-D.

test and each of its subtests as well Retention test and each of

its sebtests. KR-20 reliability odoef*Acieets were computed for all tests

except-the GEFT and item analyses were completed for both the POsttest

and Retention test. Tests for dierences between the moans were computed
. -

when appropriate.
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Destriptive Statistics

Table I presents the means and standard deviations for all tests. On

the Pretest, scores ranged from 75 to 855. Onthe.GEFT, scores ranged

from 95. to 1005. The Posttest scores ranged from 225 to 045 while

the Retention tast scores ranged from :175 to 78%. 'Table 2 presents the

correlation matrix for,all tests. Table 3 provides information about the

regression equations for each group.

Insertables 1 through 3 about here

The KR-20 reliabtlity coefficients for the Pretest, Posttest, and Re-

tention test were .78, .50, and .48 respectively. A reliability

elstlrAate of .82 for the GEFT was reported by.WItkin et al. (1970.

Tests for Interal:tIon'

The interaction vector Pretest X Treatment was checked for significance

first for both the Posttest and the Retention test. If it was not signi-

ficant, At was dropped from the model and the interaction vector GEFT X

Treatment was then checked. Table 4. gives' information for the tests for

'Interaction showing the squared multiple correlation for the full model,

the drop in R2, and the value of F for the interaction on both the Post--

test and Retention test. On the Retention test, the Pretest X Treatment

vector was significant; however, the GEFT X Treatment vector was not. 'Neither

of the interaction vectors was significant on the Posttest; therefore,

intercepts were checked and were found to be 'Significantly different,
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F(1, 93) = 5.75, e< .05.

Insert Table 4 about here

Sirce there was a significantjnteractIon on the Retention test, the

Joh7,-ion-Nc.vman technique was applied-to find the region of significance

(Ciorich, Ood5out, ?. Wunderlich, 1976). Using the Pretest as the only

predictor, the left region of significance was not definable within the

range of data.. The right region of significance was bounded by 15.8 and

23. There were 40 students (415) who had pretest scores which ware in

renion of significance.

Interactions were checked for each of the subtests for both the Post-

test and the Retention test. None were found to be significant for the

rosttest; however, there was a significant interaction betwnen'the Pretest

and tn Itments on the application; subtest for the Petention test. In this

Ql for the full model was .184; the change in P
2

was .05A,
.

F(I, 91) = 5.99, o < .05.

Discussion

Cronbach and Snow (1977) report that general ability is:the most reliable

source of ATI. According to their hypothesis, students with low general

ability should do well in treatmonl"s that provide extra support and guidance.

In such a treatment, the regression of achievement measures onto general

ability is expected to be 7elatIvely flat. In a discoverv.oriented treatment
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that provides minimal guidance, steeper regression slopes are expected.

If tho protest of this study Is taken as a measure of genoralebility in

mathnmitics, the results contradict'Cronbach and Snow's hypothesis.

In tho present study, students with high pretest scores tended to, do

bettor In tho HG group while the protest did not seem to bo related to

performance In the LG group. This interaction reached significance only

on the Retention Test, but the direction was the same on the Posttest. The

interaction can be interpreted through the construct of crystallized

intelligence (GC), a dimension of-general ability (Cattail, Ig71).

50)0°1 aOievement scores correlate well with GC and oretestS like the

on used in -the present study are frequently used to measure this dimension.

Since GC measures aptitude for learning in a school setting, it

seems reasonable that It should be a good predictor of achievement in the

HG group, where instruction was moresimilar to traditional expository

mathematics teaching. In the LG group, with its use of a non-traditional

di covory approach, there was no relationship between GC and aChierrion+.

Based on the data from this study, it seems appropriate to hypothesize

that students high in GC will do best in traditional expository .settings,

While students low in GC may do just as well in discovery. as in.expository

Instruction. In his recent papers, Snow (Note 4) has accumulated sib-

stantial evidence in support of this hypothesis.
\

The original hypothesis that this study was designed to test involved
1

the interaction of field-dependonce-independence and the level of guidance.

While the interaction due to LEFT scores that was expected did not ocirur,

the slope for the LC; group.on the Posttest was steeper than that for the

e2
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16 group, as the theory predicts. This difference in slopes did not recur

on tho Retention Test, however.

Several things may have affected the results. Tho GE FT scores were

skewed to the left.. This would not be expectodin the population of

5t,:dents that make up those Classes (prospective elementary school teachers).

:incri! the did'not discriminate well for the high scorns, this could

easlIv'brcie affeCted the slope of the regression line.

A 5econd' factor was observed when examining treatment materials. Previous

wqrk-with the Sprouts game, and in particular the exercise about Euler's

formula that' was 41scussed with it, introduced d-a set breaking factor.which

could have affected the slope of the regression line for the LI group. in

the V; group, for example, only four people showed evidence of counting the

number of even and odd vertices as was necessary in order to discover the

rules on .traversability. Fourteen people counted'vertice, edees and/or

faces as was done In the work with Euier's formula. This set breaking

factor appears to have affected mainly middle-and high-aptitude scorers

and would appear to contradict theory about field-dependence-independence.

It can be speculated, however, that since the work' with. Euler's fiSrmula was

in a highly discovery-oriented situation;that only high- aptitude scorers

d!scovered the rule. Thus lt created a set breaking problem only for them.

This extra difficulty for high-aptitude studehts could also have contributed

to the direction of the interaction with the pretest.

Another problem with the study was the relatively low reliability of

the Posttest and the Retention Test. The lack of reliability makes it more

difficult to get a sianificant interaction: however; It dons not affect

C3
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the Interpretation of ATI. (Cronbach & Snow, 1977, p. 34).
ea

Since there were no Significant interactions on the Posttest, it ww;

appropriate to test for differences between the treatments. Using the two

aptltude'varlables as covariates, there was a .signIficant difference heiveen

the twn treatment groups with the more expository HG group getting hIghnr

scores on the Posttest. As is typical In studios of discovery (earning,

the Initial advantage for more expository treatments on an IMmediato postte5t

had disappeared by the time of the retentl:A.test five weeks later.

In summary, this study found a significant interaction between Pretclt

and achievement scores that may be interpreted as an interaction between

crystallized intelligence and treatments that differ in terms of traditional

expository vs, nen-traditional discovery techniques. This interaction fits

nicely into tho pattern of ATI with crystallized. ability that Snoo, Mote 4)

has recently identified. The expected interaction between field-depondoncn-

indevndence and achievement failed to occur. However, detailed analysis of

the data revealed a number of trends consistent with the theory of field-

dcoendence-independence. Further investigation of bOth aptitudes in

future AT) studlds seems appropriate.
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Twit

Tobin I

Manna and Standard Deviations for All Twits

Maximum

PossibInJ qtnndArd

Score Moan Deviation

Protest

Low Guidance

27

14.16 4,12'

High Guidance 14.13 5.06

Both Groups
-

14.14 4'.56

GErr,

'Low Guidance

18

12.88 .4.96

High Guidance 11.57 '4.51

Both Groups 12.26 4.77

Posttest 18

Low Geldancn 0.14 2.13

High Guidance 11.98 2.45

Both Groups <.;)

10.01 2.46

Retention 18

Low Guidance 9.27 2.23

High Guidance -9.93 2.63

Both Groups 9.59 2.44
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Table 2

Correlation Matrix for All Tests

Test

1. Pretest

2. GE FT

3. Post1est

4. Retention

I

1.00

Correlation

2 3

.30 .30

1.00 .38

1.00

4

.30

.3f

..50

1.01
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Table 3

Regression of Posttest and Retention Test

on GEFT and Protest for Each Treatment'

Regression CoeffiCients

T89 t 'Intercept GEFT Protest

Low Cuidonce 5.60 .24 .03

Hir)h Guidarce 7.14 .15 .15

Ntention

Low (uidance , 7.37 .17 -.02

High Guidance 4.98 .18 .20
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Table 4

Tests for Interactions

Dependent

variable

R- for

full model Source

Chan 'ie

in P
2

Po,tfe-_it .374

Pretest X Treatment , 0.010 1.454

GEFT X Treatment 0.013 1.434

Re ontion .245

Pretest X Treatment 0.039 4.501x

GEFT X Treatment 0.101 0.001

< .05

r
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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

assigned to.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 reasoning. Achievement was significantly

better (p < .0S) 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

Attempts to adapt instructional 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 achievement

for all students; thus, instead of looking' for one treatment, ATI studies

attempt to match different instructional strategies with different student

characteristics. This matching is difficult to accomplish, but Cronbach

and Snow in their complete review of ATI research (4) indicate that inter-

actions do exist. Furthermore, these interactions have important implications

for individualizing instruction.

One variable used in several ATI studies in mathematics which have found

significant interactions is the cognitive-style variable of field independence

(6,7). Considered to he a rather stable trait related to the performance of

cognitive tasks and to personality characteristics, field independence has

received a lot of attention in educational research. When restructuring

or reorganizing of the content is required for success at a task, field-

independent students are expected to do better than field-dependent students.

They are also expected to work more autonomously. Field-dependent students,

on the other hand, are more adaptive than field-independent students in

social situations which require interpersonal skills (12,13).

It is hypothesized that differences between field - independent 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 opportunity for diicovery while field-dependent

students^performed best in expository treatments which provided a great deal

of structure.

The purpose of the present study was to investigate further the effect

of the level of guidance on the learning of field-dependent students in in-

ductive instruction. Two treatments were developed varying the level of

guidance. It was expected that relatively field-dependent students would

perform best in the high guidance treatment which provided guidance in the

form of partially completed tables and rules, underlined definitions, and

extra details in example's. Relatively field-independent students were expected

to excel in the low guidance treatment. Thus, when achievement was regressed

on field independence, the slope of the regression line for the low guidance

treatment was expected to he greater than that of the high guidance. treat-

ment.

Method

Subjects

Students from five sections of a mathematics class for prospective

elementary school teachers were randomly assigned to the two treatment

groups within each section. About 18% of the students were men.

Of the 99 students participating in the study, 38 were absent on one of

the days of the treatment or on days used for aptitude testing or retention

testing. The treatments did not appear to influence the rate of absenteeism

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

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

Materials from an eal,zer 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, presenting examples and

then having students generalize rules about the concepts. The treatments

covered the same content, uted the same examples, and included about the same

amount of practice. In the high guidance materials, partially completed

tables and rules were included, definitions were underlined, and greater

detail in the examples was used. No underlining was used in the low guidance

materials and students were expected to make their own tables and discover

their own rules.

Tests

A. version of the Hidden Figures Test (HFT) was chosen as the me;. of

field-dependence-independence for this study. This test was aJapted from the

original publition of the Educational Testing Service (S) for use in the

National Longitudinal Study of Mathematical Abilities (NLSMA). The appropriate

NLSMA reports (8,11) provide greater detail about this test. In this study,

students were allowed IS minutes for the test rather than 10 minutes as

used in the NLSMA studies since NLSMA data indicated that the test statistics

were influenced by a speed factor.

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

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

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

(14A0) test was administered and used as a second measure of general ability.

ti
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Although the NAO test is considered a measure of general reasoning (5), it

correlates well with general ability in mathematics (9).

The Posttest 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, and

HFT were .66, .74, .76, and .83, respectively.

Procedure

Students and the two instructors were randomly assigned to treatment groups

for each of the five sections participating in the study. One instructor had

three low guidance and two high guidance groups; the other instructor was

I

assigned the alternate groups. Two of the classes were morning classes and

two were afternoon classes; they met twice a week for 75-minute periods. The

other class met in the afternoon 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 of the regular course work.

Students were told that they wcld be working on a unit not included in

their text and that the class would he split into two groans for the week of

instruction. The instructor and students assigned to the high guidance treat-

ment went to the mathematics laboratory to work on the materials while the

low guidance group remained in the regular classroom. Students were encouraged

to work independently and to direct their questions to the instructor. They

were told that they were to turn in their papers at the end of the period

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.15- minute

multiple choice posttest. The majority, 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 Test, which was identical to the Posttest, was administered

four weeks after students completed-the treatments. Students took the HFT

immediately after the Retention Test, and the NAO was administered at the

end of the semester.

Results

Descriptive statistics are presented in Tables 1 and 2. Table .1 includes

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

correlation matrix for all tests.

Insert Tables 1 and 2 about here

As suggested by Cronbach and Snow (4), scatterplots of each aptitude

variable with both the Posttest and the Retention Test were examined to de-

termine whether or not the linear model was anpropriate. It was concluded

that the linear model could be used. Analyses of the data treating the Post-

test and the Retention Test as separate dependent variables were completed

using multiple regression techniques. The full model included vectors for

field independence, general ability (NAO scores or SAT scores), treatment,

and/the interaction, of each antitude variable with the treatment. When NAO

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

When SAT scores were used, this number was reduced to 34.
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In all analyses for the full model, the general ability vector was entered

first, then the field-independence
vector, followed by the treatment vector.

Each interaction vector was then tested to see if it made a significant con-

tribution when added to the model. If there were no significant interactions,

treatment effects were checked by dropping"the treatment vector from the

model.

Tests for Interaction and Treatment Effects

Tables 3 and 4 report the regression equations for each group and the tests

for interactions using HFT and NAO as predictors. Since there were no signi-

ficant interactions, treatment effects were checked and found to he signi-

ficant for both the Posttest, F(1,57) = 14.460, < .001, and the Retention

Test, F(1,57) = 12.891, n <..001.

Insert Tables 3 and 4 about here

Further analyses of the data were completed using HFT as the only predictor

and using SAT scores as the measure of general ability with HFT instead of

NAO. In all cases, the interactions were not significant, but the treatment

effect was. Class effects were also checked, as suggested by Cronbach (2).

No consistent pattern of differences in regression slopes occurred.

Diicussion.

This study tested the hypothesis that the cognitive style of field

independence would interact with treatments that differed in level of guidance.

The expected interactions did not occur. Although the slopes for HFT were

slightly greater for the low guidance group than for the high guidance group

rygt
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as predicted, they were not significantly different and were in the same

direction as those for general ability as measured by the NAO. The slopes

forNAO 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 important when dealing with geometric topics such as

those used in this study. In ATI studies where the geometric treatment and

the aptitude measure for field'independence depended on the same ability for

completion, slopes tended to he relatively steep in both treatment groups

(1,10) just as if the aptitude were general ability. In contrast, when

treatments using-an arithmetic topic werelsed, there were substantial

differences 'between slopes when achievement was regressed on field indepen-

dence (6,7). In particular, the slope of thi regression line in the high

guidance\treatment tended to be close to zero, or even negative in some cases.

Therefore, it appears that tests like the HFI' behave like general ability

when the treatments cover geometric content and like field independence when

the treatments present arithmetic concepts.

In the present study, the possibility of finding an ATI was made more un-

likely by the presence of a substantial treatment effect. The achievement

scores in the high guidance group were cons-istently greater than in the low

. guidance treatment. The topic arpeared to be too difficult for these parti-

cular students to master without a substantial amount of guidance. Also,

the students involved in this study tended to be relatively field dependent,

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

.0
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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 cognitive style 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 using different content: Further

research on interactions with cognitive style seems warranted.

81
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NOTE

This report is based upon work supported by the National Science Founda-

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

expressed in this report are those of the authors and do not necessariy

reflect the views of the National. Science Foundation.



Individual Differences

REFERENCES

1. -Adams, V. M., l McLeod, D. B. "The Interaction of Fie] dence-

11

independence and the Leverof Guidance of Mathematics Insruction."

Paper presented at the Annual Meeting of the National Council of Teachers

of Mathematics, San Diego, California, April, 2978.

2. Cronbach, L. J. Research on Classrooms and Schools: Formulation of

questions, Design, and Anollysis. 'Stanford, California: Stanford Evalua-

tion Consortiumr;-197t. (ERIC Document Reproduction Service No. ED 135 801)-
3. Cronbach, L. J. "The Two Disciplines of Scientific Psychology." American

Psychologist 12 ,(1957): 671-684.

4. Cronbach, L. J., & Snow, R. E.,Artitucies and Instructional Methods. New

York: Irvington, 1977.

5. French, J. W., EN from, R. B., & Price, L. A. Kit of Reference Tests

for Cognitive Factors. Princeton, New Jersey: Educational Testing

Service,'1963.

6. McLeod, D. B., & Adams, V. M. "The Interaction of Field Independence with

Discovery Learning in Mathematics." Journal of Exverimental Education,

in press.

7. McLeod,---0:B., Carpenter, T. P. McCornack, R. L. , & Skvarcius, R. "Cogni-
,

tive Style and Mathematics Learning: The Interaction of Field Independence

and Instructional Treatnent in Numeration Systems." Journal for Research

in Mathematics Education 9 (19781: 163-174.

.Romberg, 1T,'A.; fi Wilson, J. W. The Development of Tests. NLSMA Reports,

10. /. Stanford, California: School Mathematics Study Group,.1969.

83



,-D

Individual Differences

12

9. Snow, R. E. "Aptitude Processes." In R. E; Snow, P. A. Federico, &

W. Montague (Eds.), Aptitude, Learning, and Instruction: Cognitive.Pro-

-cess Analyses. Book in preparation, 1978.

10. Thornell, J. G. Individual Differences in Cognitive Style and the

Guidance Variable in Instruction. Journal of Experimental Education

45 (1977): No. 4, 9-12.

11. Wilson, J. W., Cahen, L. S., & Begle, E. G. (Eds.). Description and

-Statistical Properties-of-2-nonulation-Scales; -NLSMA-Reports, No. 6.

Stanford, California: School Plathematics Study Group, 1968.

12. Witkin, H. A., E Goodenough, D. R. Field Dependence Revisited (ETS RB 77-16).

Princeton, New Jersey: Educational Testing Service, December 1977.

13. Witkin, H. A., Moore, C. A., Goodenough, D. R., E Cox, P. W. "Field-

dependent and Field-independent Cognitive Styles and Educational

Implications." Review of Educational Research 47 (1977): 1-64.

84



Individual Differences

Table 1-Means and Standard Deviations of All Tests for Each Treatment Group

Maximum

Possible Standard Number

Test Score Mean Deviation of Cases

HFT 16

Low Guidance 5.0 3.4 39

High Guidance 5.9 3.7 32

NAO 30

Low Guidance 14.1 3.8 36

High Guidance 13.9 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

--
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Table 2-Correlation Matrix for All Tests

Test 1 2

Correlation

3 4

1.

2.

3.

4.

HFT

NAO

Posttest

Retention

1.00 .23

1.00

.28

.34

1.00

.20

.44

.81

1.00
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Table 3-Regression of Posttest and Retention Test on HFT and NAO for Each

Treatment

Regression Coefficients

Test Intercept HFT NAO_

Posttest

Low Guidance 1.59 .15 .36

High Guidance 7.85 .13 .10

Retention

Low Guidance -.43 .10 .40

High Guidance 3.62 .02 .32

87
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Table 4-Tests for Interaction"

Individual Differences

16

Dependent.

Variable

R
2

for

Full Model Source

Change

in R2 F

Posttest .352 HFT .002 .128 .722

NACU .023 1.988 .164

Retention .357 LIFT .003 .262 .611

NAO ,007 .274 .603
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Abstract

This study tested the hypothesis that the cognitive style of field

independence would interact with treatments that differed in the use of

small groups as opposed to individual instruction. Students (N = 111)

were assessed on Pield independence and general ability and randomly

assigned 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.< .05) inter-

action with measures of field independence when achievement was the

dependent variable, but not when student ratings were used. However, the

interaction appeared to be due more to general ability than to cognitive

style. Also, students gave significantly higher ratings to small-group

instruction.

00



The Interaction

2

The Interaction of Field Independence with

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-

ing for a single treatment that will be best for all learners, Cronbach (3)

has suggested that different instructional strategies should be used for

students with different characteristics. Attempts to adapt instructional

treatments to student characteristics are known as Aptitude-Treatment-Inter-

action (ATI) studies.

A complete review of ATI research has recently been completed by

Cronbach and Snow (4). Although there have been many difficulties in con-

`ducting ATI studies, Cronbach and Snow conclude that interactions do exist

and that ATI research has important implications for individualizing

instruction.

Recently several ATI studies in mathematics have found interactions using

the cognitive-style variable of field independence (8,9). Field independence

is a rather stable trait that is related to both the performance of cognitive

tasks and to personality characteristics. Field-independent students tend

to. do well at tasks that require restructuring or reorganization of the

content, especially if the content deals with mathematics or scier;

also seem to have more personal autonomy than field-dependent stua

Field-dependent students, on the other hand, are more adept in social

tions where they seem to exhibit greater interpersonal skills. Howev,s., they

91
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have more difficulty with tasks that require restructuring ability (15,16).

These differences between field-independent and field-dependent students

seem to be related to performance in discovery-oriented instruction. For

example, 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 students, however, learned more
41

in an expository treatment where lots of structure was provided.

In addition to its interaction with level of guidance, fieldrindependence

seems to be related to the use of small-group instruction. Cognitive-style

theory suggests that field-dependent students should learn more in a small-

group setting, where their 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 from studies (4,6,7) where

more student discussion seemed to help field-dependent students. In those

studies the treatments used an inductive sequence of instruction, or guided-

discovery 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

instruction. Treatments differed in their use of small-group as opposed

to independent work. The hypothesis to be tested was that these treatments

would interact with measures of field independence. Field-dependent

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

field-independent students might be held back by small-group work. Also,

92
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field-dependent students were expected tä have. a more vonitive attitude

toward small-group instruction, while individunl instruction was thought.

tq be preferred by field-independent students.

Method

Subjects

The participants'in the study came from five sections of a mathematics

class for prospective elementary school teachers. As is typical of these

classes, 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 students were absent on the day of retention testing

or missed one of the days when the aptitude 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's, used the same'written material; they differed by having

students work individually or in small groups. The unit presented a variety

of concepts related to the study of networks, including equivalence of net-,

works, traversability 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

examples from which students could then generalize to obtain a rule:

Students were assessed on field inderenden-Le using the Hidden Figures

Test (HFT) and the Group Embedded Figures Te ! *.;.c. version of the

IlTri that was used (Hidden Figures 2-Form 271) was adapted by the National
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Longitudinal Study of Mathematical Abilities (NI.SMA) from the original

published by the Educational Testing Servtce (5). For a complete discussion

oe this version of, the IIFT,soo the appropriate NLSMArePortS. (10,14).

Students were allowed 15 minutes to complete the test.

The GEFT '(17) is recommended 'by Witkin and his colleagues as the best

measure of field independence. In the present study, the combined score

for the last two sections of the GEFT was used as the student's score.

Students.mere 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 aptitude variables.

Two measures of general ability were included in the study. SAT scores

were obtained from the university records (with student_. approval) and the

total score (verbal-plus quantitative) was used as a measure ofggeneral

ability. Since many students had never taken the SAT,,a second test,

Necessary Arithmetic Operations (NAO), was administered to all students.

The NAO test is believed to measure the aptitude' of general reasoning (5),

but it also correlates well with general,ability in mathematics (11). .

A 19-item posttc.!Et was' used'to measure student achieVement; 15 minutes

were allowed for this test. The same test was readministered later to

assess retention. The KR-20 reliability coefficients were. .68 for measures

of student achievement and around .80 for the aptitude tests.

Procedure's

During the first week of the semester students took the HFT and NAO

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

occurred eight weeks after instruction. The CEFT was administered at the
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timo of retention testing.

Within each section, subjects were randomly assigned to either small-group

or independent instruction. The only difference between the two Treatment

groups was that in one, the students were assigned to work in 1 or

four, and in the other students were asked to work independi. The

small-group treatment was conducted i he mathematics laboratory, while

the students who worked independently stayed in the regular eins,sr,om. Four

of the sections met twice a week for 75-minute periods aert nne section met

three times a week for 50-minute periods.

After students were randomly assigned to treatment groups, students were

assigned to small groups according to their scores on a'measure of field

independence, the lIFT. Each small group contained one student from the

highest quartile, one from the lowest quartile, and two from the middle 500

of the scores. This kind of heterogeneous grouping tends to promote higher

overall achievement (13).

The two instructors were randomly assigned to treatments for each section.

They told the students that they were to'try to discover rules concerning

networks by working through the written materials. Students working

individually1Tre told to work bythemselves and if they needed help to ask

the instructor.. Students working in mall groups were encouraged to work

together page-by-page and help each ether clarify points as they came Up,

If the group could not figure something out, ,then they were to ask the

instructor for help. The instructors answered questions by encouraging

studeAs to lOok for patterns and to mnkc diicoveries.

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

.95
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and to take the posttest. Most students were not able to complete the

material in the time allowed. Ton minutes prior to the 15-minute posttest,

students were told they wol'A he taking a quiz and that they could take a

few minutes to look through the materials to review what they'had covere&

After the quiz, students were asked to rate the instructional unit on a

scale of one to five, and to write any comments about the unit that they wished.

There were no major difficulties in carrying out the treatments as planned.

However, in the sma11-group treatment; slower students sometimes had trouble

keeping up with the pace set by their group. In individual instructionIthe

students were able to set their own pace. But students in the individual

treatment asked for much more help from the teacher, while the,small groups

seemed to resolve all of their question; themselVes. An unexpected 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 teacher

could find a classroom with, natural lighting. Although this blackout was a

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

differences in achievement in that class,

Results

Table 1 presents descriptive statistics for each aptitude and achievement

measure in each treatment
group, small-group instruction al,d individual in-

struction. The correlation matrix is found in Table 2.

Insert Tables 1 and 2 abOut here
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The data were analyzed using multiple regression techniques (4), and the

posttest and retention test were treated as separate 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. Thera each interaction vector

was tested to see if it made a significant contribution when added to the

model. If there was no significant interaction, then the treatment vector

was dropped from the model to see if there were significant treatment effects.

Data analyses were run with HFT or C,EFT as the measure of field independence,

and with NAO or SAT used as an indicator of general ability. When NAO was

used, complete data for the model were available on 92 subjects. When SAT

was used, this number was reduced_tb 53.

Tests for Interaction

Table Tpresents the regression equation for each treatment group. The

tests for interaction, using HFT and NAO as predictors, are presented in

Table 4. The initial regression 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, R2 increased by .047; this increase was

significant, F(1, 87) = 6.-36;---=013, as indicated in Table 4. The

.

NAO interaction vector did not cause a significant increase in by 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, .032. None

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

regression coefficients were still larger for the small-group treatment.
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Insert Tables 3 and 4 about here

When the data were analyzed again using the (EFT as the measure of

field independence, none of the interactions was significant: The regression

coefficients still were larger in the small-group treatment, but the differences

were less pronounced.

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

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

with the regression coefficients, which were always larger in the small-group

treatment. However, this time there was no significant interaction on either

the posttest or the retention test (see Table 6). For example, when the HFT

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

and treatment vector, the increase n R
2 was .030, F(1, 48) = 1.96, E.= .168.

Insert Tables-5 and 6 about here

Since there were only 53 subjects in the analysis presented in Table 6,

it seemed likely that the drop in the number of subjects could have caused

the disappearance of the significant interaction with HFT on the posttest.

Therefore, a number of regressions were run with a single aptitude variable

and with 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 interaction with HFT on the post-

test was still significant, F(1, 49) = 4.33, p = .043. floreover, on the re-

tention test, the interaction vector also contributed substantially: For

GEFT, F(1,49) = 4.11, a= .048; for SAT, F(1,49) = 3.77, E= .058; and for

HFT, F(1,49) = 2.90, = .095. However, when the two aptitudes (fieA inde-

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

none of the interactions was significant.
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Regions of Significance

Since there was a significant interaction with HFT on the posttest, the

Johnson-Neyman technique (l)' was used to calculate the regions of significant

differences between the treatments. For this analysis, the HFT scores were

used as the only predictor in each treatment group. With 92 subjects, the

-slope was .55 for small-group instruction and .15 in the individual treatment.

This, difference in slopes was significant, F(1,88) = 6.87, p.= .010. Using

a level of significance of .10, small- group instruction was significantly

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 hae 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 conducted using these ratings as the dependent variable. There were

no interactions with either field independence or general ability in these

analyses. However, there was a consistent treatment effect, with most

students giving higher ratings to small-group instruction., For example, when.

HFT. and SAT were used as aptitudes (covariates), the treatment vector was

significant, F(1,45) = 5.547, p.= .023. In other analyses of student ratings,

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

Other Analyses

Following Cronbach and Snow's recommendations (4), scatterplots of each

aptitude variable with both the posttest and the retention test were

constructed. Inspection of these scatterplots indicated that the linear
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model was appropriate.

Cronbach (2) has pointed out that teacher and class effects can be

crucial in ATI research. In this study, however, there was no evidence of

any differefiCes due to the two teachers who conducted the treatments.

Similarly, gther 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 with treatments that differed in the use of small

groups as opposed to individuaFinstruction. This interaction was expected

to occur in both the assessment of student achievement and in the student

ratings of the instructional unit.

When achievement was the dependent variable, there were significant

interactions with field independence that appeared in the data. However,

these interactions were in the opposite direction from the predictions of

cognitive style theory. The interactions with field independence were in

the same direction as the interaction with general ability, as measured by

SAT scores.. And when SAT scores were included in the regression along with

measurements of field independence, all interactions disappeared. As a

result, it seems reasonable to,conclude that the interactions that occurred

were unstable and probably not due to field independence. Instead, they

should be attributed to general ability and viewed with some caution.

Close inspection of the data provides support for attributing the

interactions to general ability. .Students in the small-group treatment

who scored well tended to have taken pore mathematics courses than other
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students. This trend was less evident in the individual treatment, where

low-ability students got more help from the teacher.

Although there were very different patterns of social interaction in

the two treatments, that difference did not appear to be related to the

significant ATI that were identified. Instead, the relevant differences in

the treatments seemed to be the level of guidance obtained from the teacher.

In small-group instruction, the students expected and received all of their

guidance from the printed materials and from fellow students. Low-ability

students sometimes did not get the help that they needed in the small

groups since the majority of the group was frequently more interested in

pushing ahead quickly than in helping other members understand the concepts.

While some low-ability students appeared to receive insufficient help

from the small groups, students who worked individually requested and

'received help from the teacher. These differences in the nature of the

support provided to students appeared to cause the ATr with general ability

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

was the same as. for most ATI with general ability (4).

Although small-group instruction did not help students learn any more

overall, they clearly gave it higher ratings than individual work. Even

here, though, the results are tempered by obsenfation of the groups them-
.

selves.' Most'students certainly did give higher ratings to small-group

instruction, but there were a number of students who gave 'H.. very low

ratings. Usually these students worked more slowly than the restrof the

group and got too far behind to profit from the group discussion.

102



. The Interaction

14

Occasionally students hnd difficulty keeping up because they spoke English

as a second language. These types of students seemed more comfortable work-

ing indiiridually.

The difficulty of distinguishing between field independence and general

ability has been noted by,a.number of authors (e.g., 4), and Witkin and his

colleagues are also concerned about this problem (15). They hope to

.develop new instruments that will make it easier to separate field independence

from general ability, as well as from fluid and general visual ability (11).

The difficulties involved in interpreting these aptitudes seem to be parti-

cularlycularly crucial in instruction on geometric' opics'. When the aptitude

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

for the geometric treatments, the slopes tend to be relatively steep in

both treatment groups (12). Therefoic, it is difficult to produce the kind

of ATI effect that was predicted.

The use of small groups represents an important instructional variable,

but conducting research on this variable is difficult. One of the difficulties

is statistical; as Cronbach (2) points out, it is very difficuiA to separate

the effects of the treatment from the effects of the different small groups

themselves. Other difficulties include controlling student and group

characseristics, 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

,Monnso Standard Deviations and Number of Cases for All Tests

Test

,

Maximum

possible

scorn Mean

Standard

,deviation

Number

of cases

HET 16

Small groups 5.5 , 3.4 57

Individual 5.9 3.6' :7 55

GEFT 18

Small groups 10.6 5.2 50

Individual 10,.6 1 .9 44

"NAO 30

Small groups 14%6 4.4 57
-.

Individual 14.5 3.9 55

SAT 1600 \

.

.

Small groups 891 181 33

Individual 868 116 ' 34

Posttest 19

Small groups, 8.8 3.1 57

Individual 9.0 2.8 ' 54

Retention 19

Small groups 6.3 3.3 , 49

Individual 6.3 . 3.0 44

Evaluation 5

Small groups ,
3.8 1.2 52

Individual 3.0 1.2 48

18



Table 2

Correlation Ph for All Tests

Correlation

4

.36

.59

.56

1.00

4

Test
-..

1 2 3

1. HFT 1.00 1,52 .40

2. MT 1.00 .42

3. .NAO 1.00

4. SAT

5. Posttest

6. Retention

The Interaction

to

5 6
_

.43 .51

.45 .40

.50 .34

.43 .37

x'1,00 .71

1.00

C.;

)
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Table 3

Regression of Posttest and Retention Test on Two Predictors

for Each Treatment

Test Treatment

Posttest Small groups

Individual

Retention Small groups

Individual

Intercept

Regression coefficients

HFT NAO

2.06 .38 .29.

6.55 .07 .16

1.52 .45 .15

4.12 .36 .01

Y.
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Table 4

Tests for Interaction with HFT and NAO

Dependent

variable

R2 for Source of

full model interaction F
a

P.

Posttest .366 HFT 6.36 .013

NAO 3.48 .065

Retention .293 HFT .99 .323

NAO

aDegrees of freedom are (1,87) in each case.

11.0
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Table S-

Regression of Posttest and Retention Test on Field

Independence and General Ability

Regression coefficients

Test Treatment Intercept HFT SAT

Posttest Small groups 2.10 .29 .0060

Individual '6.70 .03 .0030

Retention Small groups -.01 .38 .0055

Individual 6.12 .18 -.0009
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Table 6

Tests for Interaction with HFT and SAT

Dependent R2 for Source of

variable full model interaction
Fa

2.

Posttest .266 HFT 1.96 .168

SAT .98 .326'

Retention .315 HFT 1.54 .221

SAT 2.51 .120

a
Degrees of freedom are (1,48) in each case.
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ABSTRACT

Individual differences in general ability, locuA of control, and field

independence were investigated among 121 college students enrolled in

either Personalized Systems of Instruction (PSI) or licture sections of

a course in intermediate algebra'. At the' end of one semester, there were

no significant aptitude-treatment interactions; however, the PSI approach

seemed particularly effective for students who were low in general ability

and who had an internal 1;*.cus of control. Final exam scores, were signi-.

ficantly highei (p < .05) in the PSI group when field indenendence and

locus of control were used as covariates, but not when general ability

was entered in the regression.

1 4

1



Individual Differences

2

Individual Differences in Mathematics Learning through Personalized Systems

of Instruction

The importance of individual differences in learning is frequently over-

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

tend to emphasize the overall effect of the strategy compared to other

instructional techniques. This has been true-of_research on the effective-

ness of. Personalized Systems of Instruction (PSI).

PSI is characterized by self-pacing, frequent testing, immediate feed-

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

reviews (5, 10) suggest that PSI is generally superior to lecture-discussion.

approaches, although differences. in the rate of withdrawal inthe two types

of instruction raise questions about the superiority of PSI classes for at

least some students.
(

----In-the-search-for ways to optimize achievement, it seems reasonable to

try to identify,students who are most likely to succeed in PSI courses and

to separate them from students who may do better in a lecture-discussion

approach. The attempt to identify characteristics of these different types

of students is part of Antitude-Treatnent-Interaction (ATI) research. ATI

research, generally viewed as an outgrowth of the work of Cronbach (2), has

turned out to be quite difficult. Zany studies have not found the pre-

dieted interactions. Nevertheless, in a recent review of the field,

Cronbach and Snow (3); report a number of interactions that show promise and

confirm the importance of ATI research.
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A number of ATI studies have been conducted using PSI as one of the

treatment dimensions. Some of these (7, 8, 9) have found support for an

interaction with general ability as the aptitude, but. the evidence is not

yet conclusive (4). The nature of the hypothesized interaction with PSI is

similar to other interactions with general ability (3); low-ability students

seem to profit more from the extra support and individual heir that they

can obtain in a PSI setting, and high-ability students do equally well in

neither type of instruction,

Although the relationship of general ability to PSI is important, there

are other characteristics of students that also seem relevant to student

performance in PSI courses. For example, several studies (10) have found

interesting relationships with Rotter's locus-of-control Variable (6, 12).

r.

According, .to Rotter's theory, individuals who perceive reinforcement as the

result of their own behavior are said to have an internal locus of control;

those who believe that their success or failure is due to luck, fate, or

other-peoplealmAmiLin_have an external locus of control.

The' relationship of locus of,contrpl to PSI instruction in mathematics

has not been established. However, it seems reasonable nto hypothesiie that
cc

students who are more internal should be matched with PSI instruction; where

they are expected to take more of the responsibility for their own learning.

Students with 'a more'external orientation should Find that the traditional
y

lecture-discussion approach is more approrriate,for them.

Another variable that may be related to PSI is the cognitive style of
11

field independence (16, 17). "In the latest revision of cognitive-style

theory, field independence is characterized as autonomy of external referents,_.
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This autonomy is expressed in terms of two different types of ability, re-

structuring and interpersonal comnetencies. Field-indenendent students have

greater personal autonomy and they tend to do better at tasks that require

them to restructure problems independently. Field - dependent students are

less autonomous, but appear to,get along better with others in group

situations.

These differences in cognitive style may also be related to PSI. It

seems reasonable to hypothesize that field- independent students should be

more suited for PSI instruction, where they work more independently, while

field- dependent students are likely to do better in the moretraditional

social setting of the lecture-discussion classroom. Although field-dependence-

independence and locus of control are similar in. certain respeCis, they are

not highly correlated and should be-treated as different variables (6).

The purnose of this study was to identify individliiidifference variables

that might interact with mathematics instruction using PSI or lecturedis-.

cussion anproaches. Individual differences in general ability, field

-----indenendenceanki_locus of control were of primaiy interest. Also, differences

in field independence and locus of control Annear to he sex-related in at

least some studies, so sex was also included as a nredictor variable.

Dependent variables included both achievement and rate of withdrawal from

the course-:.'

4ethod

Subjects

'Participants included 121 college students who were registered in Inter-
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mediate Algebra,, a regular course offered by a large state university. 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.

Materials

The two treatment groups used the same textbook; in addition, t e PSI

group received supplementary study guides to assist them in working independently.

The same final exam was administered in both groups; it was a 50-item multiple

choice test that was generated from a computerized test bank. The test was

graded by machine.

Students who did not take the final exam were counted as having withdrawn

from the course. Therefore, the rate of withdrawal was measured by noting

whether or not a student took the final.

Field independence was assessed using the Hidden Figures Test (HFT) as

adapted by the National Longitudinal Study of Mathematical Abilities (NLSMA).

For a detailed description of this test, see the.anpropriate NLSMA reports

(11, 15). In this study the KR -20 reliability coefficient for the HFT was

Rotter's locus of control dimension was aS'sessed.with the Mathematics

Achievement Quetionnaire (MAQ),, a test based on an earliei instrument de- .

veloped by. Crandall,. Katkovsky, and Crandall (1,): As Rotter (13.) and

Lefcourt (6) point out, the usual measures of locus of control are broad

in scope and may not be appropriate for classroom research carried out in

a particular subject such as mathematics. Therefore, they recommend the

development of, more specific measures of locus of control. The MAQ is one
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such instrument; it deals with.the participants' views on mathematics, mathe-

matics teachers, and fellow students in mathematics. classrooms. The KR-20

reliability coefficient for the ItAQ was .60, which compares favoralvly with

the reliability estimates for other personality measures, including those

of Rotter (12).

Procedures

On the first day of class, students in both types of instruction (PSI and

lecture) were invited to participate in the study. They were asked to sign

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

for use in this study; most of them did so. Then the HFT and 4AQ were

administered, allowing 15 minutes for each.

After the first day, the students in the PSI group worked at their own

pace following regular PSI procedures. The students in the lecture group

were expected to attend class regularly. The teacher for the two lecture

classes, an experienced graduate teaching, assistant, follewed the typical

mathematics classroom sequence. First, students were encouraged to ask

. questions over the previous material; this was followed by a-lecture and

discussion of new material, along with a specificoasgnment-for the next

--class.

At the end of the semester, both groups took the same final 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

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

J.-
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includes the correlation matrix. The two treatment groups appeared to he

about evenly matched; there were no significant 'differences between the

treatment 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 higher. in the PSI group, where 580 of the students dropped out

before the final exam; in the lecture group, the corresponding figure was

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

grades of those who took the final exam. Of the 36 people in the lecture

groan who completed the final exam, 2j passed the course. In the PSI group,

all but one of the neonle who took the final exam nassed the course,. Since

weaker students were more likely totake the final exam if-they were in the

lecture group, their scores tended to lower the mean and increase the

standard deviation of final exam scores in the lecture group. Therefore,

all. statistical results should he ,internreted with Caution.

Insert Tables I and 2 about here

The data were analyzed using multiple regression procedures as outlined

by Cronbach and Snow(3). .Scatterplots of the final exam score with each

aptitude 'variable indicated that a linear model was appropriate. The

aptitude vectors were entered-into-the regression. equation first, followed

by the treatment vector, and then the interaction vectors. If none of the

interactions vectors contributed significantly to the proportion of the

variance that was accounted for by the'regression, then the interaction

120
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vectors were dropped from the model and analysis of covariance was used to

test for treatment effects.

The aptitude variables to he included in the multiple regression analyses

were chosen from among field independence, locus of control, general-ability,

and sex. Preliminary -analyses of the data indicated that sex differences

did not*make an important contribution to any of the regression analyses,

so data on sex were eliminated from further consideration.

The. most important dependent variable was final exam scores. In the

first regression'' model, final exam scores were used as the.dependent variable,

.andfieldindependenceandlocusofcontrol.TIAQ) were used as aptitude

variables. Data 1tare 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 interaction, but there was a significant treatment

effect, F(1,55) = 6.24, p = .016, favoring the PSI group.-

Table 3 presents the regression equations from this analysis for the

two treatinent groups-, Although_there was no significant interaction, the

differences between regression coefficients were substantial fnr the ,tAn
,

-test. AS-predicted-by the theory, students with a more internal locus of

control (high-4AQ scores) tended to learn more in the. PSI qroun.'

Insert Table 3 about here

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

coefficients for LIFT and 1AQ were similar to those in Table 3. Again, there

,9
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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 further with SAT scores added to the model along

with liFT 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 significant interactions

in this analysis, andwi%. scores as one of the covariates, the difference

between treatments was not significant, F(1,29) at, .99, 2.= .328.

-Although there Was no significant interaction with SAT, students with

low SATscores .appeared to do slightly 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 in. the lecture group. This difference. in

slopes was not significant, as one would expect given the lack of power in

this case. However,' the difference is in the same direction as that obtained

in'other studies (4,7,8).

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

test, rather than total score, in their analyses. Making that change in

this study produced essentially the same results as those obtained using

SAT total scores. The correlation between SAT-Total and SAT-Quantitative

for this study was .63.

The data were also analyzed using rate of withdrawal as the dependent

variable. There were no significant interactions between any of the

aptitude variables and treatment for the rate of withdrawal. And even

though' the rate of withdrawal appeared to be higher in PSI instruction,

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

difference between treatments was not significint-, F(1,69) = .44, n =

Discussion

The purpose of this study was to investigate the relationship of

10

- individual difference variables to PSI instruction in mathematics. The most

important o variables continiles to be general ability. Although this

study produced no ignificant interactions with general-ability, the direction

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

who were loW.in general ability tended to do better if they were,in the PSI

group, but the differences were not large.

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 interaction was not significant, further research

on locus of control seems appropriate.

There was no support from this study for the hypothesized interaction

between field independence and PSI instruction. When HFT was used as the-

measure of field independence, therg was very little evidence of any inter-

action. The differences in, regression slopes that did occur tended to he

in the same direction as the expected interaction with general ability. The

difficulties of separating field independence from general or fluid ability

have been noted by Cronhach and Snow (3), among others; these difficulties

may have been related to the lack of an interaction effect with field in-

dependence. Witkin and his colleagues are aware of the difficultids involved

in separating the effects of field independence from those of general ability

123



Individual Differences

11

(16), and their continuing efforts in this area may help to alleviate the

problem.

Although students in the PSI group appeared to perform better on the

final exam, this difference was not significant when general ability, as

measured by SAT scores, was used as a covariate. PSI studies frequently

show higher achievement in the PSI group (5,10), but it is difficult to

identify the source of this difference. At least part of the time it may

be related to the higher rate of withdrawal by low-ability students in the

PSI treatment.

Determining the overall effectiveness of PSI instruction in mathematics

is an important goal of educational research. But it is also important to

try to assess the impact of this type of instruction on individuals with

different characteristics. Based on the results of this study and others,

it appears that general ability and locus of control are important in

assessing the effects of PSI, as opposed to lecture classes, in mathematics.

The cognitive style of field independence, however, does not seem to be

related to individual differences in achievement in PSI courses.
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Table 1. - Standard Deviations

Maximum

possible

and Number of Cases for All Tests

Standard Number

Test - score Mean deviation of cases

HFT 16

PSI 7.3 3.6 55

Lecture 5.3 3.S 66

MAQ 20

PSI 13.5 2.S 55

Lecture

SAT 1600

12.4

r-

3.0 65

PSI 880 137 31

Lecture 833 145 41

Final exam 100

PSI 76.8 6.8 24

Lecture 67.4 12.2 36



Individual Differences

Table 2. - Correlation Matrix for All Tests

Correlation

2 3 41

1.

2.

3.

4.

HFT

.1.AQ

SAT

Final exam

1.30 .17

1.00

'.19

.05

1.00

.32

.20

.50

1.00

9

16
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Abstract

The relationshin between locus of control and three dimensions of discovery

learning was investigated in a series of studies. Mathematics students were

randomly assigned to treatments that differed in level of guidance, inductive

or deductive sequencing, or use of small groups. A significant aptitude-

of

treatment interaction occurred between locus of control and small -group

instruction on the topic of networks. The other studies did not produce

significant interactions, although varying the level of guidance did produce

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

instruction did not appear to interact with locus of control.
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Locus of Control and Mathematics'Instruction:

Three Exploratory Studies

The importance of individual differences in the learning of mathematics

is widely recognized, and in recent years student personality characteristics,

as well as cognitive aptitudes, have begun to play a prominent role in re-

search on learning. ,The search for interactions between student character-

istics (aptitudes) and instructional strategies (treatments), which concen-

trated originally on cognitive measures, has now broadened its scone to in-

clude more research on personality dimensions. This change in emphasis is

reflected in recent reviews of aptitude-treatment-interaction (ATI) research

(Cronbach & Snow, 1977; Snow, 1977).

One personality dimension that has recently received some attention in

ATI research is Rotter's locus-of-control variable (Rotter, 1966). According

to Rotter's theory, individuals with an internal locus of control perceive

the outcomes of their actions as being due to their own behavior; those who

are classified as external, however, tend to attribute the consequences of

' their actions to chance or to fate. An individual's locus of control, then,

is a measure of belief about whether one's rewards and successes (or punish-

ments and failures) can he attributed to internal or external causes. For

a more general description of locus of control in the context of attribution

theory, see Bar-Tal (1978). Recent research on locus of control has been

reviewed by Lefcourt (1976).

Most ATI studies using locus of control have focused on the relation-
,

ship of this personality dimension to the organization of instruction.

ti
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Daniels and Stevens (1976), for example, found an interaction between locus

of control and treatments that differed in whether or not they used

student-teacher contracts as a means of organizing instruction. In another

study, there was an interaction between locus of control and instruction

in computer programming where treatments varied in Oa level of structure

provided to the students (Parent,, Forward, Canter, 4ohling, 1975). Robin

t1976) discusses several studies where locus of control appeared to interact

with "behavioral instruction" (such as Kellar" Personalized SysteM of

Instruction) as opposed to. more traditional lecture-discussion classes.

All of these interactions were"in the direction predicted by the theory;

students with an internal locus of control tended to learn more in the

treatment that gave them more responsibility for their own learning, but

students with an external locus of control seemed to do better in a more

traditional class where the teacher took responsibility for student learning.

The purpose of the three present studies was to extend these earlier

results on the organization of instruction to treatments that differed in

various dimensionsof discovery learning in mathematics. The dimensions in-

cluded level of guidance of instruction; use of inductive, as opposed to

deductive, sequences of instruction; and the use of small groups, rather

than individual lar.'rk. Treatments using a low level of guidance, inductive

sequences, or small groups were de'signed to encourage student discovery.

The conjecture was that studentS with an internal lOcus of control would

do best in treatments that required that they discoyer concepts indemen-

dently, and students with an external orientation would learn most_in an

expository setting.
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Method

Three ATI studios were conducted to search for interactions between 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 were tested for immediate achievement and then for

retention several weeks later. After the studies were completed, SAT scores

were obtained from university records and used as a measure of general

ability.

Students who participated in the three studies were enrolled in mathe-

matics classes for prospective elementary school teachers. In each study

about 900 of the students were female. Students were dropped from a study

if they missed one or more days of instruction; the distribution of absences

appeared to be random and not related to 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 general 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 (197S) have noted that many measures of locus of. control

are too general to he 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

1 4
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measures of locus of control are needed for specihl situations, Following

this suggesyon, the MAQ Was developed to assess locus of control in the

spqcific environment of the mathematics classroom,

The MAQ used 20 items to ask students about their views of mathematics,

problem solving, their mathematics teachers, and their follow mathematics

students. Students responded 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 A to 19, where a high score represented

an internal orientation; the overall mean was 12. The KR-20 reliability co-

efficients for the MAQ were in the range of .5 to .6 for the three studies;

although these figures are not high, they compare favorably with the relia-

bility estimates for other measures Of locus of control (Rotter, 1966).

,Reliability coefficients were also obtained for the posttests and re-

tention tests. These coefficients ranged from .6 to .8 in the three experi-

ments, and were judged to be satisfactory in each case.

Experiment 1

Students in each of five classes were randomly assiigned to two instruc-

tional treatments on networks. Two instructors were randomly assigned to

treatments for each class. Each treatment discussed the same topics, includ-

-ing equivalence of networks, traversabilfty and.its applications, Euler's

formula, and relted concepts. The treatments differed in the level of

guidance provided to the students. In the high-guidance treatment, much of
_ -

the work was done for the_students; ,they only had to read the material,
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finish filling in some of the tables, and draw some fairly obvious conclusions.

In the low-guidance treatment, however, students were given problems to solve

with. very little direction from the matetinls or the teacher. In this treat-

ment, students wore expected to gather relevant data, organize it, and test

hypotheses 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-

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 Posttest was completed, net

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

administered four weeks later.

Results

Descriptive statistics for the measures of student achievement are in-

cluded in Table 1. As indicated in the table, students Who received.a

higher level of guidance performed better on both the posttest and the re-

tention test.

Insert Table 1 about here

The data were analyzed using multiple regression techniques (Cronbach

4 Snow, 1977). Scatternlots were inspected to insure that a linear model

was apprOpriate. The analysis was done sepaiately for each of the 'dependent

variablfs, the posttest and the retentinn test. The independent variables

e

1



Locus of Control

7

in the regression included general ability 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 first; then

each of the interaction vectors was tested to see if it contributed signi-

ficantly (at the .05 level) to the regression. If neither interaction vector

was significant, both were dropped from the regression, and the treatment

vector was tested to see if it made a significant contribution beyond that

of the two aptitudi.variables.

"Table 2 presents theregreision equations for each dependent variable.
.

As predicted by the theory., -the regression coefficients for the MAQ scores

were greater in thelow-guidance treatment. However,-there was no significant

interaction with either the MAQ or SAT scores.

Insert Table 2 about here

Since neither interaction vector was significant, the data were analyzed

further to test for treatment effects. There were significant differences

in favor of the high-guidance treatment on both the posttest, F(1,25) = 13.0i

< .002, and the retention test, F(1,25) = 13.2, E.< .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 topics as precision of measurement, significant digits, and their
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effect on calculations with anproximate data. Although both treatments

covered the same tonics, the topics were presented differently. In the

inductive treatment, students were given a number of examples to work, and

then encouraged to generate a rule that was suggested by the examples. These

students had access to calculators to help them work enough examnles so that

they could discover a pattern. In the deductive treatment, students were

given the rules first, and then asked to apply the rules to some simple

problems. These problems were constructed so that a calculator was not

necessary for these students. In both treatments, the teacher was available

to help students who were having difficulty.

Students were given 75 minutes to work on the materials. Two days later

the posttest was administered, and four weeks later students were tested again

for retention.

Results

Descrintive data on the achievement measures are found in Table 1, and

the regression equations are in Table 2. The data from Experiment 2 were

analyzed using the same multiple regression procedures as in Experiment.l.

'There was no significant interaction:between either SAT or MAQ scores and

the inductive-deductive treatment dimensiOn, and in this study there was no

colsistent pattern in,the regression coefficients. Since there was no inter-
,

action effect, the data were checked for treatment differences. The differ-

ence in favor of the deductive group was significant on the posttest,

F(1,27) = 5.47, 2.= .027, but not on the retention test, F(1,24) = 1.61,

E. .217.
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Experiment 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 groups used exactly the same printed materials. The only difference

,

was that students worked in small groups'in
A

one treatment; in the other,

students worked individually.

The printed materials were written in an inductive mode, where students

were encouraged to generalize a rule from a number of examples. In small-

group instruction, studelts were asked to work together in groups of four as

lb.they discovered sollitions to the problems. Students were told to ask the
. ,. .

.

. .

teacher for he.hpif the group could not solve the problems. In the individual...

treatment, students were told to work by themselves and to direct their

questions to the a r; the teacher then helped students solve the problems.

Students iri the small groups asked the teachers very few questions. Students

irithe individual treatment, however, asked many questions and received con-

siderable help from the teachers.

One week of class time was used for the treatments and 111S-minute

posttest. Mest students did not complete all of the treatment materials in

this amount of time. The retention test was adminiitered eight weeks later.

Results

Tables 1 and 2 include the descriptive data for Experiment 3. The same

multiple regression procedures were used in this experiment as in the other

two.

There was nointeraction on the posttest in Experiment 3, but on the
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retention test there was a significant interaction between locus of control

and treatment, F(1,49) = 4.73, r.. .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 instruction where they received

help from the teacher. The interaction between general ability and treat-

ment was not significant, but the joint contribution of the two interaction

,vectors was significant, F(2,48) = 3.20, 2. .050.

Since the direction of the interaction was the same for both SAT and MAQ

scores, it is possible that the interaction could be due to only one trait

that is measured by both.tests. However, this interpretation seems unlikely.

Measures of locus of control are not highly correlated with general ability

(Rotten, 1975); in this study, for example, the correlation of MAQ and SAT

scores was .07. Therefore, it seems appropriate to attribute the interaction

with MAQ scores to locus oc control and not to general ability.

Regions of significance for the interaction were calculated using con-

fidence intervals, as recommended by 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. About

50% of the students were in this region of significange. Using the Johnson-

Neyman technique (86iich, Godbouv, 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

140
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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 were 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 aptitude variable, there

was a significant interaction with discovery instruction only in the case where

treatments differed in the'use of small-group instruction as opposed to

individual work. When treatments differed in level of guidance, the

difference in regression slopes was in the predicted direction, but the

interaction was not significant; this lack of significance could be due to

the lack of power, since a sample size of 100 subjects per treatment is de-

sirable in ATI research (Cronbach & Snow, 1977). When treatments differed

in the use of an -inductive or deductive approach to mathematics, there- was

no consistent pattern of differences in the regression slopes. Therefore, one

dimension of discovery instruction that appears promising for ATI research

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

ship of leyel of guidance to locus of control may also be profitable.

Research on the effectiveness of small groups 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 small-group instruction does appear to interact

141
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with locus of control. Further research on locus of control and various di-

mensions of discovery instruction in mathematics seems appropriate.
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Table 1

Means and Standard Deviations for Posttests and Retention Tests

Standard Number

Test Treatment Range Mean deviation of cases

Experiment 1

Posttest Low guidance 3-13 7.8 2.5 14

High guidance 4-16 11.8 3.2 15

Retention Low guidance 1-12 5.6 2.7 .14
es

High guidance 4-15 9.9 3.1 15

Experiment 2

PostWt Inductive 2-12 6.2 2.6 17'

; ,
/ Deductive 3-15 7.9 3.1 14

/ ,

R?)Iention Inductive 2-7 4.8 1.5 16

\,) Deductive 2-9 5.7 2.7 12

Experiment 3

Posttest Small groups 6-16 9.7 3.1 33

Individual 6-14 ,9.5 2.8 34

Retention Small groups. 2-14 7.3 3.3 26

.Individual 0-12 6.5 3.0 18

1 6
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Regression of Posttests and Retention Tests

on General Ability and Locus of Control
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Tests Treatment' Intercept

Experiment 1

Regression coefficients

MAQSAT

Posttest Low guidance -1.1 .007 .24

'''' ' guidance 8.8 .004 -.07

Retention Low guidance -3.0 .009 .04

High guidance, 9.3-

Experiment 2

.004 -.30

POsttest Inductive" -1.0 .014 -.45

Deductive 3.7 .008 -.20

Retention Inductive 1.6 .004 -.02

Deductive 2.7 .005 -.12

Experiment. 3

Posttest Small groups 2.5 .008 .01

Individual" 6.6 .004 -.04

Retention Small groups -2.1 .009 .12

Individual 9.4 .003 -.43
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Recent Research on'Antitude-Treatment Interactions

`Iuch of the research on instruction in mathematics has tried to prove that

one kind of instruction is superior to another for all students. Such re-

search generally has not been very conclusive. An alternative hypothesis

would suggest that different students would do best in different tunes of

instruction, denendinR on each students characteristics. The problem of

matching instructional treatments with student characteristics so as to
c

maximize learning., has come to he called the Antitude-Treatment-Interaction

(ATI) hypothesis. For a sample Rranh of an ATI,: see Figure 1. As the figure

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

rent 2, while low-apt.itude students do better in treatment 1.

0u

4.1

Treatment 2

1'

Treatment 1

Aptitude Score

Figure 1. An example of regression lines that
show an Antitude-Treatment Interaction

149



NTT research, generally viewed as an outgrowth of the work of Cronbach

(1957), has turned out to he soMewhat more difficult than was first

anticinated, Nevertheless, Cronhach and Snow (1977), in their comnrehensive

review of the field, confirm the existence of ATI in a variety of settinps,

and conclude that 'ATI has cone of age" (n. 524).

Since Crohliach and-Snow comnleted their review, a number o new ATI

studies have anpeAred in the mathematics education literature. The,purnose

of this parer willile;to review the theoretical background of ATI research,

to discuss the results of recent studies, and to provide a critique of current

research in the area.

Theoretical f3..acko.round'

. Originally, many 'researchers in Tmthematics education used quilford's -

ideas about aptitudes in their'search for ATI. T1Te weaknesses of thisarnroach

..
I have been' described byCroAach and Snow (1077), who rrecer a more hierarchical

model based mainly on thwork of Caitell (1971).

Briefl , ChtteiPs theoryis based on a fnctor analytic model of human

abilities`. Oneican think of Cattell's model as a pyramid, with general

ability at the top. At the next level below general ability, there are a

number-of other general-factors. The first of these is fluid intelligence, a

factor whichloads mainly on several-perceptual, culture-fair tests. Another

is crystallized intelligeneq, which is represented by tests of verbal and

numeridal,ability that' are similar to school achievement measures. Other

general factors, such as sneed and spatial 'visuali'zation, are also found at

I 150
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this level. More specific primary factors, such as flexibility of

'closure and general reasoning, are found at the next lower level. While

these specific,,primary factors continue to play a role in ATI research,

Snow's recent work tends to put more emphasis on Cattell's more general

concepts of flUid and crystallized intelligence (Snow, 1977h, Note 1).

Although Catteirs approach has much to recommend it, there has been

considerable difficultylit separating out the effects of the various specific,

nrimAy factors from general ability ((laser, 1972). In response to this

.
Problem, Maser called for further study or the "new aptitudes" derived from

information 'processing anProaches_to learning and from investigations of co-

gnitive style and nersonalitv characteristics.

Several'-researchers have begun to annly concents from inFtlration rirncrssir

theory to the nroblems of ATIresearch'i Carroll (1976) has gone hack to the

1963 French kit to reanalyze those tests in terms of the cognitive processes

which they require. Also, Snow (1977a) has given examnles of how an informa-

tion processing anproach can he used to generate promisihg ATI hypotheses.

While these ideas are not yet well formulated or widely used, information
ti

processing theory provides a promising new approach to ATI research.

(laser's second'suggestion for "new aptitudeS', cognitive styles and

personality characteristics, has also beelltan active research area. _Witkin's

cognitive style variable, field indenendence, has received considerable

__attention (Mitkin, qoOre, Coodenough, & Cox, 1977; Witkin & (oodenough,

:Vote 2).° According to Witkin's theory, field-independent students should do

well when they are allowed to discover concents with little guidance, while
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field- dependent students will be better off in a more expository treatment.

A number of recent studies have also investigated the personality variables

of anxiety and achievement motivation (Snow, 1977b), and Rotter's-locus-of-

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

(Robin, 1976).

Recent Results

Since the appearance of Crontach and Snow's'book, a number of interactions

with traditional aptitudes have been identified. Continuing an earlier series

of studies, Eastman and Salhab (1978) reported another ATI between general

reasoning and treatments that differed in the use of algebraic or geometric

approaches to absolute value concents. Eastman and Behr (1977), however', did

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

cepts from logic. But when the treatment dimension was changed to inductive

as opposed to deductive instruction two studies again found an interaction

With general reasoning (McLeod & Adams, Note 3; McLeod & Briggs, Note 4).

The source of these interactions with general reasoning is not clear, but it

may come from either general ability or crystallized intelligence instead of

from general reasoning. Other studies have also reported ATI with measures'

of general ability or crystallized intelligence, sometimes when the treatments

differed in use of discovery approaches (Adams & McLeod, Note 5) or in use

of Personalized Systems of Instruction (Pascarella, J978).

Several other studies have renorted interactions with the "new aptitudes"

that Glaser referred to. In two studies, there was an interaction between

the cognitive style of field independence and the level of guidance provided

152



5

in a discovery approach to mathematics (McLeod, Carpenter, McCornack, 6

Skvarcius, 1978; McLeod & Adams, in press). In addition, Eorak and Zweng

(Note 6) found evidence of an interaction between field independence and treat-

ments that apparently differed in student interaction patterns. However, in a

later study designed to find an interaction between field dependence and

small-group instruction, the pattern of ATI results was unstable and appeared'

to be due more to general.ability than to cognitive style (McLeod & Adams,

Note 7). In other studies, field independence did not appear to interact

strongly with the inductive-deductive dimension of discovery learning (McLeod

& Briggs, Note 4; Threadgill, Note 8).

Interactions between locus of control and the organization of instruction

have occurred in several studies (Robin,.1976), and the interactibns have

been in the direction prediCted by Rotter's theory. Students with an internal

locus of control seemed to do better in a treatment where they had more res-

ponsibility for their own learning, but students with anexternal.locus of

control tended to learn more in a traditiOnal class where the teacher took

responsibility for student progress. Similar results have now been obtained

in a study using college mathematics students, where there was an interaction

between locus of control and small-group instruction ('cLeod & Adams, Note 9).

In summary, there /has been considerable success in identifying interactions

with general reasoning, field independence, and locus of control. Sometimes,

however, replications have been difficult to obtain. ATI studies using

field independence, or example, seem to be less successful when the topic

of instruction is ge metric in nature (McLeod & Adams, Note 7).
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Analysis and Critique.

In their review of individual differences and the learning of mathematics,

, Fennema and Behr .(in press) provide a thorough critique of ATI research and

especially of the "new aptitudes" referred to by rlaser (1972). Fennema and

Behr take a rather positive view of 'the imnact of- information - processing

theory on ATI research; although/Cronhach and Snow (1977) say that these

"new aptitudes" are likely to look more "traditional" by the time they are

applied in ATI research.

Research on personality characteristics is also viewed positively by

Fennema and Behr. However, the use of cognitive style as a new aptitude

variable receives substantial criticism, both from Fennema and Behr and from

Cronbach and Snow. Field independence is criticized particularly because of

the instruments used to measure it (Horn, 1976; Vernon, 1972). Recent work

by Witkin & noodenough (Note 2) that relates field independence to Cattell's

work may help resolve some of these problems of measurement and interpretation.

4easurement problems have also caused difficulty for ATI studies using

locus of control as an antitude variable. Rotter (1975) has noted that many

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 instruments that are

designed to assess locus of control in a specific environment, such as the

mathematics classroom.

In summary, ATI research is difficult to conduct, but recent studies show

great promise. Cronbach and Snow (1977) have discussed in detail the many

ways in which ATI research can be improved, and studies conducted since

their review show evidence that important progress is being made in the area.

15.4



A number of interactions with the aptitudes of general reasoning, field

independence, and locus of control are of particular interest to the field

of mathematics education. Further research should help to clarify the

nature and source of these interactions.

Li I*
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