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Introduction
Electronics technology programs

prepare students for careers in diverse
areas such as electrical power, applica-
tion engineering, instrumentation,
control systems, robotics, electrical
machinery maintenance, computer
technology, etc.  Students who enroll
in electronics technology programs are
expected to have taken some math-
ematics in high school, take more
mathematics classes in college, and to
use mathematics in electronics classes.
High-school Algebra and Geometry are
the typical mathematics classes consid-
ered a minimal prerequisite for entry
into a college-level electronics technol-
ogy program.  Algebra, Trigonometry,
and Applied Calculus are typical
college-level mathematics classes taken
by electronics technology students.

Although mathematics educators
have studied various student groups’
attitudes toward mathematics and their
achievements in mathematics, there is a
lack of study of electronics technology
students’ attitudes.  Attitude has often
been studied because of the argument
that students with positive attitudes
toward mathematics tend to be more
willing to use mathematics both in and
out of school.  Usefulness, confidence,
anxiety, and attributions for success/
failure are some of the affective
variables studied and measured by
mathematics education researchers when
attempting to determine how attitude
and performance are interrelated.

Because mathematics plays a role in the
learning and degree completion require-
ments of college-level students studying
electronics technology it seems appro-
priate that this groups’ attitudes toward
mathematics should be studied.  Study
of their attitude toward mathematics
may provide information about their
perception of the relevance mathematics
has to studying electronics technology.

The Research
During 1996, this researcher

surveyed 148 electronics technology
majors at Indiana State University
about some of their attitudes toward
mathematics, mathematics in electron-
ics technology, and electronics technol-
ogy.  The effect of taking mathematics
classes on learning electronics technol-
ogy was also studied.  Usefulness,
confidence, anxiety, and attributions
for success and failure were the
affective variables considered.  Several
students also participated in individual
and small-group interview sessions.

In this study, attitude toward
mathematics or electronics technology
was defined as a general emotional
disposition toward these subjects.  This
definition was based on the 1983 study
by Haladyna, Shaughnessy, and
Shaughnessy.  For this researcher’s
study, mathematics in electronics
technology refers to mathematics that
is utilized in the discipline of electron-
ics technology, and attitudes toward it
refer to those student perceptions and
experiences associated with using and
learning mathematics as a part of
electronics technology.  The definition
of attitude includes affective responses
students express toward these areas and
themselves as learners.  General

feelings such as liking/disliking were
considered, along with perceptions of
difficulty, confidence, self-concept,
usefulness, attributions of success and
failure, and anxiety.

Using responses to questions on a
survey instrument, students participat-
ing in this study were separated into
four groups based on a definition of
how well they were doing. In brief,
students who had not repeated either of
two required college mathematics
courses and had received grades of ‘B’
or higher in both were defined as doing
well at mathematics.  Students who had
not taken an electronics technology
class more than once and who had
received grades of ‘B’ or higher in all
electronics classes taken were defined
as doing well at electronics.  Using
these criteria, students were assigned to
exactly one of the following groups:
those who did well at mathematics and
at electronics (Group 1), those who did
not do well at mathematics or at
electronics (Group 2), those who did
not do well at mathematics but did at
electronics (Group 3), and those who
did well at mathematics but not at
electronics (Group 4).  Each Group
and its number of participants are
shown in Figure 1 (page 3).

The affective variables of useful-
ness, confidence, anxiety, attributions
for success, and attributions for failure
were used to create 112 statements on
the survey instrument.  This part of the
instrument used a Likert-type scale and
asked students to respond to the
statements by marking a scale of
“strongly agree”, “agree”, “uncertain”,
“disagree”, and “strongly disagree”.
Statements were classified as positive
or negative.  Positively worded
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statement responses were those that
high achieving students were expected
to agree with and were scored as 5 =
strongly agree down to 1 = strongly
disagree.  For negative statements the
scoring was reversed.  There were six
statements each on confidence in
learning mathematics, confidence in
learning electronics that involves
mathematics, confidence in learning
electronics, and effect of mathematics
courses on confidence in learning
electronics.  Similarly, there were six
statements each on the other affective
variables.  Table 1 shows each affective
variable for each of the areas studied.
Each group of six statements for each
variable was used to form a scale.  For
example the six statements on confi-
dence in learning electronics became
the scale, CILE.  These scales were
based on the Fennema-Sherman
Mathematics Attitudes Scales (Fennema
& Sherman, 1976) and the Autono-
mous Learning Behavior Attribution
Scale (Fennema & Peterson, 1984).

One-Way Analysis of Variance was
used to compare the means of the four
groups for each affective variable,
confidence, usefulness, and anxiety.
Cronbach’s alpha, mean, standard
deviation, range, and mean/item were
computed for each attitude scale.
Bivariate correlation coefficients
between all scales were computed.

Also measured were attributions for
success and failure.  Five Likert-type
items were used for each of the follow-
ing:  Success in Learning Mathematics,
Success in Learning Mathematics that
Involves Mathematics, Success in
Learning Electronics, Effect of Math-
ematics on Success in Learning Elec-
tronics, Failure in Learning Mathemat-
ics, Failure in Learning Electronics that
Involves Mathematics, and Effect of
Mathematics on Failure in Learning
Electronics.  The five items for each of
the above were based on the Autono-
mous Learning Behavior Attribution
Scale (Fennema & Peterson, 1984).
Number of cases, mean per item,
standard deviations, and range were
reported for each.  This method of
analysis was used because the five items
for each of the above do not address

Students who
do well at math and
electronics

Students who don’t do
well at math or
electronics

Students who do
well at electronics
and don’t at math

Students who do well
at math and don’t at
electronics

Group 1
N = 16

Group 2
N = 33

Group 4
N = 13

Group 3
N = 8

Figure 1. Groups

Table 1. Affective Variable by Content Area Matrix
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related but distinct attributes and thus do
not form a scale.

Review of Literature
The next part of this article

describes each affective variable and
relevant literature is cited.

Usefulness
Many studies on attitude toward

mathematics have examined students’
perceptions of the usefulness of math-
ematics (Armstrong, 1980; Armstrong
& Price, 1982; Fennema & Sherman,
1977, 1978; Kloosterman & Cougan,
1994).  In these studies the importance
or relevance a student attaches to his/her
study of mathematics is related to his/
her perception of its usefulness.

Armstrong (1982) concluded
perceived usefulness of mathematics
for educational and career goals is one
factor affecting women’s and men’s
participation in mathematics.  Reyes
(1984) stated that a better understand-
ing of the importance of mathematics
in a wide range of careers and in
education beyond high school is
important for students as they make
decisions about how much mathematics
to take in high school.

Confidence
Confidence, in learning situations,

can be defined as how sure a student is
of being able to perform or accomplish
some task.  Confidence in learning
mathematics is a particular component
of self-concept that is specific to
mathematics (Reyes, 1984).  In
general, mathematics education
research has shown a relatively strong
correlation (r about 0.4) between
confidence in learning mathematics (an
affective variable) and mathematics
achievement (Reyes, 1984).  Students
who are confident tend to learn more,
feel better about themselves, interact
more with their teachers, spend more
time on task, and be more interested in
pursuing mathematical ideas than
students who lack confidence (Reyes,
1984).  In general, students who are
confident in their ability in mathemat-
ics are more comfortable when con-
fronting mathematical situations
(Kloosterman, 1988).

Anxiety
Spielberger (1972) discusses two

types of anxiety, trait and state.
Persons who exhibit trait anxiety,
which is neither situation nor time
specific, are exhibiting anxiety that is
relatively stable.  They are likely to be
anxious in any situation or at any time.
State anxiety is time and situation
specific, meaning that it manifests
itself at identifiable times or situations.
These times or situations are seen as
potentially harmful or threatening.

A common complaint of students
who are not doing well in school is that
they have trouble taking tests.  Often
they state tests cause them to experi-
ence high levels of anxiety.  This may
be true, or it may be just another way
of justifying or rationalizing poor
performance.  In the research litera-
ture, test anxiety has been described as
anxiety aroused by evaluative situations
(Byrd, 1982).  Hembree (1988) had
also found test anxiety causes poor
performance, and that it to relates
inversely with students’ self-esteem and
directly to their fears of negative
evaluation, defensiveness, and other
forms of anxiety.

Dowaliby and Schumer (1976)
investigated what kind of student does
best with what kind of teaching.  They
found that a student’s performance
under what they termed a “structured”
or teacher centered approach depended
on the student’s level of manifest
anxiety.  High anxious students did
better in a teacher-centered approach
(teacher does most of the talking).
Low anxious students did better in a
student-centered mode (students did
most of the talking).

Attributions for Success and
Failure

Much research (Horn, Bruning,
Schraw, & Curry, 1993; Marsh et al.,
1984; Nicholls, Cobb, Wood, Yackel,
& Patashnick, 1990) in education and
mathematics education examines
students’ perceptions on the causes of
success or failure on various educa-
tional or mathematical tasks.  In the
literature, ability and effort appear to
be the dominant of the achievement-
related attributions (Weiner 1979).

Students often attribute their success or
failure on academic tasks to such
causes as ability, effort, task difficulty,
and luck.  Reasons students attribute to
their academic success or failure have
been categorized according to the
dimensions of locus, stability, and
controllability by Weiner (1979).
Locus is where an individual attributes
a cause, for example, within the
individual or to a different individual.
Stability is whether an attribute
remains  stable over time.  Controlla-
bility for causes of success and failure
relate to effort.  Effort is controllable;
ability, described as a stable attribute,
is not.  Students classified as high
achievers generally attribute success to
high ability while low achievers tend to
attribute success to effort expenditure.
Low achievers tend to be less confident
when performing academic tasks.
These three dimensions and their
respective reasons for academic success
and failure provide some indication of
what students’ attribute to their
perceived level of confidence.  For
example, Weiner noted that if an
individual perceived that success was
caused by ability, then competence and
confidence were reported as high.

Brown and Weiner (1984) claim
that students who fail at academic tasks
often prefer to blame a lack of effort
rather than a lack of ability as the
reason for the failure.  By doing this,
they preserve their self-esteem and the
belief that they can be successful if
they try hard enough.  When success is
attributed to good luck, the increase in
expectancy for future success in that
situation will be smaller than if the
success had been attributed to ability or
ease of the task (Reyes, 1984).

Survey Results
Because this study consisted of two

parts, a questionnaire and interview, the
results are presented separately.  State-
ments from students during the interview
seem to elaborate or expand on the results
from the survey.  In this study, two one-
half hour interviews were conducted with
fifteen students, eleven students partici-
pated in a group interview.

Study results show that students in
this study had positive attitudes in the
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attitude scales designed to measure
confidence, usefulness, and anxiety.  In
general for all respondents, the highest
means for the attitude scales came from
those scales designed to measure
confidence, usefulness, and anxiety
toward electronics. The results of the
reliability analysis and the means,
standard deviations, ranges, and means
per item for each scale are given in
Table 2. These students consider
learning electronics useful, are not very
anxious about learning electronics, and
are confident about being able to learn
electronics. They also had positive
attitudes toward mathematics, were
confident in learning electronics that
involves mathematics, considered
learning electronics that involves
mathematics as useful, and felt that
taking required mathematics classes
was useful for learning electronics.

One-Way Analysis of Variance was
used to compare the means of Groups 1
through 4 for each affective variable.
Differences between groups on each
attitude scale were determined using
the Scheffe procedure with a signifi-
cance level of 0.05.  Group 1 and
Group 2 were found to be significantly
different on the following scales,
“Confidence in Learning Mathematics”
(CILM), “Confidence in Learning
Electronics that Involves Mathematics”
(CILEM), “Anxiety in Learning
Mathematics” (AILM),  and “Anxiety
in Learning Electronics that Involves
Mathematics”  (AILEM) between
Groups 1 and 2 at the 0.05 level.
Although these two groups differed on
confidence when mathematics was
involved, there was no significant
difference between them when “Confi-
dence in Learning Electronics” (CILE)
was analyzed.  Also, the results show
that Group 2 did not significantly
differ from Group 1 or any other
group on the scale “Anxiety in Learn-
ing Electronics” (AILE), which means
Group 2 students were no more
anxious about learning electronics than
any other group.

Results from this study indicate
students from Groups 1, 2, 3 and 4
tended to attribute some of their
success to a teacher’s explanation of a
topic.  Students in all four groups did

not attribute their failure at electronics,
electronics that involves mathematics,
or mathematics to lack of ability.
When the attitude scales for each group
were analyzed, Group 1 had only one
noticeable difference from the other
groups.  This group’s means for the
anxiety scales were higher (meaning

anxiety was lower) than the other
groups for the same scales with the
exception of the “Anxiety in Learning
Electronics” (AILE) scale for Group 3.
Group 2’s confidence mean (25.06) for
“Confidence in Learning Electronics”
was not noticeably different than the
means for the other groups, and its

Table 2. Summary by Scale for all Respondents

Table 3. Group Summary
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anxiety scale mean (18.36) for “Anxi-
ety in Learning Mathematics” (AILM)
is lower than the other groups.  In
other words Group 2 members were
most anxious about learning mathemat-
ics. Table 3 is a group summary.

When the data for the attitude scales
on confidence, usefulness, and anxiety
were analyzed by group the results show
that students in these groups were
generally confident in learning math-
ematics, confident in learning electronics
that involves mathematics, and confident
in learning electronics.  Usefulness
appeared to be the most consistent
variable across groups.  The mean for
each usefulness scale for all four groups
remained within a range of 21.82 (Effect
of Mathematics on Usefulness in
Learning Electronics for Group 2) to
26.50 (Usefulness in Learning Electron-
ics for Group 3).  The anxiety scale
means for each of the groups varied the
most, 18.36 (Anxiety in Learning
Mathematics for Group 2) to 25.38
(Anxiety in Learning Electronics for
Group 3).  Although the means per scale
for Group 2 did not appear to be
different from those of the other three
groups, the results for this group seemed
to indicate Group 2 members were more
anxious about mathematics, electronics,
and the effect of mathematics on learning
electronics than the other groups.  Given
that students in Group 2 were low
achievers in both mathematics and
electronics this finding is not surprising.

Means per item for attribution for
success/failure were computed for each
group.  These means per item could
range from 1 to 5.  Each item was
considered separately because the items
within an area, for example, “Success
in Learning Electronics (SILE),
addressed more than one attribute.  The
mean per item for item 96, “When I
did well in electronics it was because
my teacher explained the topic well.”,
was at 4.00 or above for all four
groups indicating that students agreed
with a statement about how well they
did in electronics was attributable to
how well a teacher explained a topic.
A similar result occurred on item 41
(item mean ³ 3.85) with “When I did
well in mathematics it was because my
teacher explained the topic well.”  It

appears that the influence of the
teacher is important to how these
students view their success at either
electronics or mathematics.

Interview Results
The most interesting interview

discussion occurred when some
students responded that they did not
believe there were any differences
between mathematics in mathematics
classes and mathematics in electronics
classes.  However, almost all the
students then stated that often in
mathematics classes you worked
problems without knowing why you
were working them and what they
might be used for.  They finished by
saying that electronics problems were
understandable and that they knew
what to solve for in an electronics
problem and knew why the problem
was useful.  Several students stated that
they often felt ill at ease in mathemat-
ics because they could not understand
what was going on in the problem-
solving situations in their classes.
Some students from Groups 2, 3, and 4
expressed that taking mathematics tests
made them very nervous.

Most interviewees said they did not
believe that taking mathematics classes
had affected their study of electronics
and they described mathematics as
useful and seemed to have a positive
attitude about that usefulness.  The
positive attitude expressed in the
interviews corresponds with the positive
responses about usefulness of mathemat-
ics and usefulness of electronics on the
survey.  When questioned about the type
of job they might have in the future, the
students expressed that they would not
be concerned about working in a
position that required them to do a lot
of mathematics.

Each student representing Group 1
chose natural ability as the reason for
his success at mathematics.  One
student from Group 2 also chose
natural ability.  Effort was chosen as
the reason for success at mathematics
by all other interviewees.  Lack of
effort was chosen by all students as the
reason for failure at mathematics.  All
interviewees agreed that the teacher can
have an impact on whether a student

succeeds or fails at mathematics.
When asked about natural ability, the
students were not sure whether people
who claimed to have natural ability at
mathematics had any difference in
attitude toward mathematics than
people who did not have natural ability
at mathematics.  Students did think that
you could get better at mathematics
however, some students described that
they sometimes reached a point when
studying mathematics where they felt
like they had run into a wall and would
not be able to learn the mathematics
because it was too hard.

Students described teachers has
having a major influence on their
success at studying either mathematics
or electronics technology.  Students
discussed mathematics teachers who
had helped them to understand math-
ematics.  Students also pointed out that
they did not like teachers who acted
like students were not very smart or
who tried to intimidate students.

One description of mathematics
classes that seemed to occur often
during the interviews was that they
were too fast, too much material was
covered, and that if you did not
understand what was going on, the
teacher did not care.  Several
interviewees described this as typical
procedure in their mathematics classes
and that this was why they did not like
or do well in those classes.

Implications For Teaching
Electronics Technology

In the interviews and on the survey
instrument students agreed that how
well they did in their electronics
technology classes was affected by how
well they thought their teachers
explained the class material.  Some of
the students commented that doing
laboratory exercises in their electronics
classes helped them to understand the
class material.  Others stated that those
exercises made them aware of the
usefulness of what they were studying.
Electronics technology educators need
to be aware of the impact of class
presentations and class methodology on
student understanding.

From the data gathered on the
survey instrument and from student
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comments, it seems that many of these
electronics technology students did not
take much mathematics while in high
school, and don’t understand how much
mathematics they will take or use as they
study college-level electronics.  These
students while in high school may not
have been aware of the role of math-
ematics in the study of electronics.  They
also may need to take remedial math-
ematics classes before enrolling in certain
electronics classes.  Electronics technol-
ogy educators need to be aware that some
of their students may be inadequately
prepared and should advise those students
accordingly.  Also, college-level electron-
ics technology programs need to distrib-
ute information to high schools about the
amount and types of mathematics high-
school students should take. Students
may better understand the importance or
usefulness of taking mathematics courses
in high school or even earlier in middle
or grade school by being informed about
the role of mathematics in careers.

Since students in technical pro-
grams are required to take courses in
mathematics, more information is
needed about the effect mathematics
anxiety might have on their chances for
success when they take their required
mathematics classes.  With this in
mind, it is important to consider what
might be done to reduce the level of
student anxiety.  It is important to
consider how various subgroups, such
as electronics technology majors, may
manifest anxiety as they participate in
classes with teachers from various
disciplines who exhibit different styles
of teaching.

Future Research
This researcher now believes that

the effect of taking or studying
electronics on learning in mathematics
should be considered.  This is consid-
ered  necessary after reading students’
comments on a questionnaire and from
discussions with students during the
individual and group interviews.  The
students’ comments on open-ended
questions and statements during the
interviews seemed to indicate that they
believed the effect of taking classes in
their major, electronics technology,
affected their attitude toward learning

mathematics.  During those interview
discussions, the students most often
noted that taking electronics classes had
a positive effect upon their attitude
toward mathematics and that they did
not believe taking mathematics classes
had any effect on the way they viewed
learning in electronics.

Conclusion
Electronics technology students, in

general, have positive attitudes toward
mathematics, mathematics in electronics
technology, and electronics technology.
As expected, the results of this study
showed that students in electronics
technology are aware of the usefulness
of mathematics to the study of electron-
ics. However, the data from the survey
also indicate that they do not opt to take
other mathematics classes.  This is
disturbing.  Awareness of the usefulness
of mathematics to the study of electron-
ics does not seem to extend to the idea
that more or advanced mathematics
courses would also be useful.

Future studies with students from
similar electronics technology pro-
grams need to be conducted and then
compared with this study.  This future
research could be used to determine
whether students from other electronics
technology programs have a similar
attitude toward mathematics, math-
ematics in electronics technology, and
electronics technology.
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