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This study was conducted to investigate cognitive style patterns among students in a lower division
engineering course and differences in the academic performance of those students related to
differences in their cognitive styles. The Group Embedded Figures Test was administered to 130
undergraduate engineering students enrolled in CE 214 Engineering Mechanics-Statics at North
Carolina State University. Analysis of variance was used to examine differences in academic
achievement of students in relation to their different cognitive styles. The findings identified a
highly skewed distribution on the cognitive style scale, with the vast majority being highly analytic.
In addition, students who manifested an analytic (field independent) cognitive style achieved
significantly higher grades in the course than those with a Global cognitive style.

INTRODUCTION

THIS STUDY is the second in a series of studies
involving a collaboration between the College of
Engineering and the College of Education and
Psychology at North Carolina State University.
The overall goal of this research program is to
improve curriculum and instruction in engineering
education. A similar study, using the Myers-Briggs
Type Indicator, was published in an earlier issue of
this journal [1]. Portions of the theoretical frame-
work for this study were presented at the 10th
International Conference on College Teaching and
Learning and that paper was published in ‘Selected
Papers’ from that conference [2]. This research
is part of a comprehensive research program estab-
lished at North Carolina State University called the
Southeastern University and College Coalition for
Engineering Education (SUCCEED), sponsored by
the National Science Foundation.

PURPOSES OF THE STUDY

The purposes of this study were to investigate
cognitive style patterns among students in a lower
division engineering course and related differences
in the academic performance of those students.
The course selected for the study is required of all
undergraduate students in the College of Engin-
eering and is well-known for the rigorous nature of
the curriculum. Concerns among engineering
faculty regarding the difficulty students experi-
enced in the course provided the impetus for a
series of investigations. Since the curriculum for
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the course is considered by the faculty to be
appropriate, they initiated a collaborative effort
with faculty in the College of Education and
Psychology to investigate the extent to which
variation in student achievement might be asso-
ciated with variables related to the realm of educa-
tion; in this instance, cognitive styles. The specific
research questions were:

1. What patterns of cognitive styles were evi-
denced among students enrolled in the lower
division engineering course?

2. Were significant differences in academic
achievement among students in the engineering
course associated with differences in the
cognitive styles of students?

FIELD DEPENDENCE THEORY OF
COGNITIVE STYLES

Cognitive styles have been defined as ‘informa-
tion processing habits representing the learner’s
typical mode of perceiving, thinking, problem
solving, and remembering’ [3, p. 188]. Human
cognition, including cognitive styles, is highly
relevant to many important educational concerns
involving teaching and learning. A variety of
motivational strategies and environmental factors
may enhance learning, but cognition represents
the core of the learning process. Cognitive
styles, as compared to variables in the affective
or physiological domains, seem to be most rele-
vant to variables associated with academic
achievement.

Herman Witkin’s field dependence model of
cognitive styles is considered to be one of the
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most well-established and widely researched
models in the field [4]. Assessed by the Group
Embedded Figures Test (GEFT) [5], among
other instruments, field dependence involves the
construct of cognitive perception. In this theory,
cognitive style is a measure of the extent to
which an individual can overcome the effects of
irrelevant background elements when consciously
focusing on a learning task or activity [6]. ‘A field-
independent learner can easily overcome back-
ground elements and readily focus on the learning
task, while a field dependent learner will have
trouble overcoming the effects of background
elements and experience difficulty in focusing on
the learning task’ [7].

Field-independent learners are highly analytical
in perceiving and processing information; in fact
they are often referred to in the literature as
‘analytic thinkers’. They exhibit a tendency to
organize information into manageable units and
appear to possess a greater capacity for the reten-
tion of information. These individuals prefer and
typically use problem-solving techniques, organi-
zation, analysis and structuring when engaged in
learning and working situations [§8]. Field depen-
dent learners are more global and holistic in
perception and information processing; in the
literature they are frequently referred to as
‘global thinkers’. They tend to accept information
as it is presented or encountered and rely to a great
extent on memorization. They also manifest a
clear tendency to use social frames of reference
to determine their own attitudes, feelings, and
beliefs [6].

In traditional educational environments, it
would appear that analytic thinkers and learners
would be more successful when dealing with
abstract and complex subjects or functioning in
unstructured situations. Global learners, in
contrast, may be more successful in highly
structured situations or in situations that require
interaction with other individuals.

RESEARCH METHODOLOGY

To identify cognitive styles, the Group
Embedded Figures Test (GEFT) was administered
to 130 wundergraduate engineering students
enrolled in three sections of a lower division engi-
neering course. Final numeric end-of-course
grades were used as the measures of student
achievement. Basic descriptive statistics were used
to assess cognitive style patterns among students.
Analysis of variance (ANOVA) was used to
examine differences in academic achievement
among students in the course associated with
differences in cognitive styles. Cognitive styles
served as the independent variable, while numeric
end-of-course grades functioned as the dependent
variable in the analysis of variance. Due to unba-
lanced cells in the resultant data, the General

Linear Models Procedure in SAS [9] was used to
complete the analysis of variance.

RESULTS

To examine the patterns of cognitive styles
among students in the engineering course, we
used two different coding systems commonly
used by researchers studying the GEFT. It is
possible for scores on the test to range from 0 to
18. Initially, we used the standard convention of
categorizing students whose scores ranged from 0
to 9 as Global, and students whose scores ranged
from 10 to 18 as Analytic. This standard coding
system yielded the following profile of cognitive
styles among the 130 students in the sample: 110
(85%) Analytic and 20 (15%) Global. Clearly, the
sample was highly skewed with the preponderance
of Analytic learners/thinkers. This distribution was
atypical when compared to distributions of GEFT
scores obtained from other samples. It also
deviated substantially from the data developed
by Witkin [5] which suggested that in the general
population one would obtain a distribution of
scores that would approximate a normal distribu-
tion or bell curve. When this coding scheme was
utilized, ANOVA vyielded no significant differences
in academic achievement between the two groups
of engineering students.

To examine the data further, we used another
popular coding system in the literature which
creates three categories: students whose scores
ranged from 0 to 6 were categorized as Global, 7
to 12 as Middle, and 13 to 18 as Analytic. This
coding convention is based on the premise that if
there is a normal distribution on this scale in the
general population most individuals are some-
where in the middle, between +1 and —1 standard
deviations from the mean. Further, those in the
middle of the distribution are likely to exhibit
characteristics of persons with both cognitive
styles. Those individuals whose scores are closer
to either end of the continuum should be more
likely to exhibit traits and behaviors congruent
with those espoused by the field dependence
theory. Using this coding scheme, we identified
the following profile: 99 (76%) Analytic, 25 (19%)
Middle, and 6 (5%) Global. When this coding
scheme was used, ANOVA vyielded a highly signif-
icant difference among the groups (F=15.26,
p=0.006). Those students categorized as both
Analytic and Middle scored significantly higher
on end-of-course grades than did those students
categorized as Global. Analytic and Middle
students did not score significantly different from
one another, but both achieved significantly higher
than the Global students. In fact, the mean end-of-
course grade for the Global students was below the
minimum passing grade for the course. The means
for the other two groups were at levels that would
have been interpreted by faculty as a grade of ‘C’
(average) or higher.
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DISCUSSION

The findings in this investigation may hold
some important implications for engineering
education, professional education in general,
and perhaps for the advancement of theory in
the cognitive styles literature. The relatively small
sample size and the unbalanced cells in the
analysis of variance, however, must temper any
conclusions or speculations that may be drawn
from these findings.

One of the most striking findings was the over-
whelming dominance of the Analytic style in the
profile of this group of engineering students. In
context of what we know about such distributions
in the general population, this distribution in quite
astonishing. We are aware of no other studies
using the GEFT with any other populations that
yielded distributions that departed so greatly
from a bell curve. Do individuals who exhibit
strong Analytic cognitive styles naturally gravitate
toward the various disciplines in engineering? If so,
this might have implications for engineering
faculty as they consider recruitment efforts and,
possibly, admissions decisions. This also suggests
that it may be important to conduct similar
research in other professional education programs.
Should other dramatic patterns emerge in those
programs, educators in those programs may
develop a better understanding of the nature
of individual differences among their student
populations.

The findings concerning the nature of the cogni-
tive styles profile become even more intriguing
when viewed in relation to the significant differ-
ence in academic achievement between Analytic
and Global learners/thinkers. This finding can be
viewed from at least two different perspectives.
One might conclude from this finding that the
GEFT may be used as a predictor of academic
success in engineering education, and possibly
other professional education programs. At
least in this study, it seems that the Global
students were a distinct minority and were actu-
ally the ones most likely to fail the course. This
perspective might lead one to consider using the
GEFT as a screening mechanism in making
admissions decisions to programs in engineering
education.

Another view might note that this study was not
an investigation in which the differing needs and
preferences of Analytic and Global students were

analyzed and used as the basis for providing
students with different types of learning opportu-
nities congruent with their respective styles.
Perhaps such an approach would reduce the vari-
ance in academic achievement and help all students
become more successful in the course. This view
was espoused by O’Brien, et al. in the first report in
this series: ‘Engineering educators have a respon-
sibility both to their students and their profession
to respond in substantive and meaningful ways to
research into the nature of individual differences’
[1, p. 315].

The results of this study are also interesting in
that they are very similar to those found in the first
study in this series using the Myers-Briggs Type
Indicator (MBTI) [1]. In that investigation
researchers discovered another unusual distribu-
tion of engineering students along the ‘Sensing-
Intuition’ dimension of the MBTI. Engineering
students in that study exhibited the following
profile: ‘60 (72%) Sensing-Perception, 23 (28%)
Intuitive-Perception’ [1, p. 313]. This profile was
also inconsistent with earlier research, especially
that conducted by McCaulley [10].

When one studies the characteristics supposedly
associated with these different styles or types, the
similarities between the Analytic and Intuitive
styles, and the Global and Sensing styles are
remarkable. Perhaps we are measuring the same
two-dimensional cognitive construct using two
different instruments. We think the hypothesis of
a two-dimensional construct related to cognitive
perception is also supported theoretically by
research using other theoretical models and
measurement instruments. Two, in particular,
seem especially relevant. David A. Kolb’s ‘Learn-
ing Style Inventory’ [11] and Anthony F. Gregorc’s
‘Style Delineator’ [12] are both based on models
which include a theoretical dimension which
ranges from ‘Abstract’ to ‘Concrete.’

We believe there is strong reason to speculate
that the Abstract, Analytic, and Intuitive styles
measure one dimension of a two-dimensional
construct and that Concrete, Global, and Sensing
styles measure the other. Research is needed to
administer some or all of these instruments to the
same group of participants. Factor analysis
could then be performed on the resultant data to
examine empirically potential correlation among
the instruments as well as the underlying factor
structure that may be present when they are
studied collectively.
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