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Exploring Math Self-Efficacy Among First-Year Civil Engineering Majors
Introduction

Across the country, engineering retention rates are often low (approximately 50%) and highly
correlated with calculus performance [e.g., 1, 2]. In fact, some authors assert that the biggest
factor contributing to the attrition of first-year engineering students is inadequate mathematics
performance [3]. As such, early calculus courses are often considered to be barrier courses, due
to several issues, including perceived rigor [3], poor math preparedness [4], lecture-based
teaching methods [5], and lack of engineering context [1]. For students, poor calculus
performance can contribute to low grade point averages, disqualification from scholarships, poor
academic standing, and consequently a desire to leave engineering or college all together [1].
The underlying cause of poor performance in college math courses may be more complicated
than just lack of preparedness or ability. Rather, low math self-efficacy may be an important
contributing factor to poor performance [6-8].

Self-efficacy is one’s own personal judgements about their abilities to achieve specific goals [9].
According to Bandura’s Self Efficacy Framework [10], there are several types of information
that can influence self-efficacy. The most impactful sources of self-efficacy are mastery
experiences, which refer to one’s direct experience of success or failure. Interaction with role
models and seeing others’ successful performances, or vicarious experiences, can also lead to
improvement of self-efficacy. Compliments or criticisms (social persuasions) can build or
deteriorate one’s self-efficacy. Finally, people’s perceptions of their physiological arousal can
impact their self-efficacy, with intense stress often indicating future failure. Literature supports
that mastery experiences are the most important sources of self-efficacy information [e.g., 11].
Furthermore, self-efficacy is expected to lead to increased motivation and persistence when
faced with adversity [12].

Math self-efficacy refers to an individual’s beliefs about understanding math concepts and
solving related problems [8]. Among college students, past math performance is thought to
inform self-efficacy. In turn, future achievement is dependent on how students perceive their
past performances [6]. Literature on differences in math self-efficacy by gender are mixed, with
some authors finding higher self-efficacy among males and some finding similar self-efficacy
among males and females [7, 8]. Studies examining development and impacts of math self-
efficacy for engineering students are somewhat sparse, although some authors report that
feelings about math are an important component of general engineering self-efficacy [13-16],
including for females [17, 18].

The Mathematics Self-Efficacy and Anxiety Questionnaire (MSEAQ) is one instrument for
measuring math self-efficacy. The MSEAQ was developed based on a general expectancy-value
model using items resulting from a comprehensive literature review. The reliability and validity
of the MSEAQ were rigorously examined through correlational analysis with similar scales, pilot
tests in college Precalculus courses, and exploratory factor analysis. Five dimensions of math
self-efficacy emerged from the analysis and were verified through student interviews: General
Mathematics Self-Efficacy, Grade Anxiety, Future, In-Class, and Assignments [8].



The goal of our study is to explore how math self-efficacy develops among civil engineering
students and how that self-efficacy might drive their will to succeed as engineering students.
Specifically, we will address the following questions: (1) To what extent, if any, does math self-
efficacy evolve over students’ first academic semester? (2) How does math self-efficacy vary
based on students’ high school and college math experiences? (3) To what extent might math
self-efficacy be associated with persistence in engineering? We hope to provide insights for how
self-efficacy building can be used to encourage retention of diverse engineering students.

Study Methods

Participants: We conducted an observational study to explore the math self-efficacy of civil
engineering freshmen at a regional, military college in the Southeast. We invited students
enrolled in an Introduction to Civil Engineering Course to participate in our study. Of the 71
students enrolled, we collected data for 60 matched pairs (84.5% response rate). Of the matched
pairs, 8.3% (n =5) identified as female, while all others identified as male.

Data Collection: We administered a paper version of the MSEAQ. Students responded to 28
items using a five-point, Likert-type scale to report on their thoughts and feelings about math
courses. For each item, students could select an option of “no response.” Cronbach’s alpha for
pre- and pos-assessments was 0.937 and 0.945, respectively. On the pre-assessment, we also
asked students: “What was the highest math course you took in high school?” We collected
additional data on each participant from institutional records, including: (1) first college math
course, (2) grade in the course, and (3) retention status after their sophomore year.

Data Analysis: First, we used MSEAQ responses to calculate a normalized math self-efficacy
score for each student at each survey administration time. We reverse-coded all items that
expressed negative self-efficacy and summed responses by student (TOT). Next, we summed
“no responses” by student (NR). We calculated the normalized self-efficacy score as:

TOT/[(28-NR) x5] x100. Second, we binned and coded data on students’ math experiences.
For highest math course completed in high school, we created four groups: less than

Precalculus, Precalculus, Calculus I, above Calculus 1. For first college math course, we created
three groups: Precalculus, Calculus I, above Calculus I. We binned students’ grades in their first
college math course into two groups: A/B/C, D/F/W.

We conducted several two-way mixed Analysis of Variances (ANOVAS) in IBM SPSS 26 to
explore relationships between math experiences, math self-efficacy, and engineering retention.
For each mixed ANOVA, the within-subjects factor was time (pre- and post- math self-efficacy
scores). The between-subjects factor was either gender, highest high school math course, first
college math course, first college math grade, or retention. Significant interactions and/or main
effects were identified at a significance level of p < 0.05. Required assumptions were verified,
including [19]: (1) There were no outliers, as assessed by examination of studentized residuals
for values greater than £3; (2) Normalized self-efficacy scores were normally distributed, as
assessed by Normal Q-Q Plots; (3) There was homogeneity of variances, as assessed by Levene's
test of homogeneity of variance (p > 0.05); and (4) There was homogeneity of covariances, as
assessed by Box's test of equality of covariance matrices (p > 0.05).



Results

Self-Efficacy and Gender: Math self-efficacy increased more for females, as compared to males,
over their first academic semester. Indeed, we found a statistically significant interaction
between gender and survey administration time on math self-efficacy, F(1, 58) = 4.64, p = 0.035,
partial #% = 0.074. Overall, normalized math self-efficacy scores increased more for females
(65.3+4.9t0 71.7 £ 5.2), as compared to males (68.9 £ 1.5 t0 66.9 + 1.6).

Self-Efficacy and High School Math Experience: Math self-efficacy was lowest for students who
did not complete at least Precalculus in high school. We found the main effect of highest math
course completed to show a statistically significant difference in self-efficacy between groups,
F(3, 55) = 5.00, p = 0.040, partial #2 = 0.214. Completing less than Precalculus in high school
was associated with a mean math self-efficacy score of 25.2 (95% Cl, -44.0 to -6.4) points lower
than completing above Calculus I, a statistically significant difference, p = 0.004. In addition,
completing Precalculus in high school was associated with a mean math self-efficacy score of
19.9 (95% Cl, -38.4 to -1.4) points lower than completing above Calculus I, a statistically
significant difference, p = 0.030. We found no interaction between highest high school math
course and survey administration time, F(1, 55) = 0.453, p = 0.716, partial 2 = 0.024.

Self-Efficacy and First-Semester College Math Experience: Math self-efficacy was lowest for
students who performed poorly in, or did not complete, their first college math course. We
found the main effect of first math grade to show a statistically significant difference in self-
efficacy between groups F(1, 58) = 6.26, p = 0.015, partial #> = 0.097. Receiving a D/F/W in the
first college math course was associated with mean math self-efficacy score of 6.5 (95% ClI, -7.0
to -6.0) points lower than earning a “C” or higher. We found no interaction between first college
math grade and survey administration time, F(1, 58) = 0.877, p = 0.353, partial #°> = 0.015. In
contrast, the first college math course itself, whether it be Precalculus or above, did not impact
math self-efficacy. We found the main effect of first college math course to show no significant
difference in self-efficacy between groups F(1, 57) = 1.96, p = 0.151, partial > = 0.064. We
found no interaction between first college math course and survey administration time, F(1, 57)
=1.234, p = 0.299, partial 2 = 0.041.

Self-Efficacy and Retention: Math self-efficacy scores were lowest for students who eventually
left engineering. We found the main effect of retention to show a statistically significant
difference in self-efficacy between the two groups F(1, 58) = 19.21, p < 0.0005, partial #? =
0.249. Not persisting in engineering was associated with a mean math self-efficacy score of 10.8
(95% ClI, -11.9 to -9.8) points lower than persisting in engineering. We found no interaction
between retention and survey administration time, F(1, 58) = 0.943, p = 0.336, partial 2 = 0.016.

Discussion
To what extent, if any, does math self-efficacy evolve over students’ first academic semester?
The only group who showed a change in math self-efficacy over their first semester was female

students (A = 6.4, n =5), as compared to male students (A =-2.0, n = 55). While the sample of
females is small, it represents 83% of all female freshmen civil engineering students from the



population. All five female students showed higher math self-efficacy (although to different
degrees) after completing their first academic semester. Furthermore, four of the five females
(80%) were retained in engineering. As has been proposed by other authors [17, 18], the role of
math self-efficacy in retention of female students may be especially important.

We also found it interesting that there was no change in math self-efficacy over the first
academic semester when students were grouped by the grade earned in their first math course.
Because mastery experiences (such as performing well in a course) are thought to be the most
significant sources of self-efficacy [e.g., 11], we expected to see an increase in self-efficacy
among high performers and a decrease among low performers. When we followed students
through their sophomore year, 16 of 26 (62%) students who received a D/F/W in their first math
class eventually left engineering, as compared to 5 of 34 (15%) students who received a “C” or
higher. Possibly, changes in self-efficacy might be robust against short-term academic
performance. If so, then specialized interventions targeted toward students with poor initial math
performance might be especially important to resolve deficiencies before attrition occurs.

How does math self-efficacy vary based on students’ high school and college math experiences?

We found that students’ self-efficacy varied based on several aspects of their high school and
college math experiences (although per RQ #1 there were no changes over their first semester
based on these factors). As we expected, students’ math self-efficacy was lowest for students
who took less than Precalculus in high school (e.g., Algebra I-111, Statistics) and highest for
students who completed above Calculus I (e.g., AP Calculus BC). Interestingly, there was no
difference in self-efficacy between students who took up to Precalculus or Calculus I in high
school. As such, pre-college advisors may be justified in recommending that prospective
engineers take at least Precalculus, even if it is not required for high school completion.

Also, we found that self-efficacy varied with first college math grade, though not first college
math course. Students who earned a C or higher in their first math course showed higher self-
efficacy than those who earned below a C or withdrew. Even still, this trend held regardless of
the math course that students first completed in college, whether it was Precalculus or higher. In
terms of retention, rates were similar between Precalculus (29 of 45 retained, 64%) and Calculus
(8 of 13, 62%). As previously discussed, the retention rate among those who earned at least a
“C” in their first math course was four times higher than those who earned less than a “C” or
withdrew. Consequently, it may be especially important to ensure that students enroll in a math
course that aligns with their current skill set, even if they must devise an alternative plan to meet
future prerequisite requirements. Among our population, and others [20], math self-efficacy was
more dependent on grade earned, rather than course enrolled.

To what extent might math self-efficacy be associated with persistence in engineering?

We indeed found that math self-efficacy was highest among students who were retained through
their sophomore year. Given the potential role of math self-efficacy in retention, it may be
important to encourage classroom environments and support activities that help to build math
self-efficacy, especially among students who do not complete Precalculus in high school and/or
do not earn a “C” or higher in their first college math course. While poor performance in the



first semester does not immediately deteriorate math self-efficacy, our data supports that a high
proportion of these students eventually leave engineering. In contrast, we found that the first
semester may especially influence the math self-efficacy of female students. In our case, female
students performed quite well in their first college math courses, their self-efficacy improved,
and nearly all were retained. While our findings are specific for our population, we expect some
of the same trends in math self-efficacy could be observed among other student groups.

Conclusions & Future Work

An observational study was conducted to explore the sources and impacts of math self-efficacy
among civil engineering students at a regional military college. During their freshmen year,
students completed the MSEAQ at the beginning and end of their first semester. Data on math
experiences was collected via survey and through official records. Retention was assessed at the
end of students’ sophomore year. The following conclusions were made based on the results.

1. Over the first semester, math self-efficacy changed only among female students. Females
generally performed well in their first math course, experienced an increase in math self-
efficacy, and were retained in engineering.

2. Students’ who did not complete at least Precalculus in high school showed the lowest math
self-efficacy during their freshmen year, while there was no difference in math self-efficacy
between those who took Precalculus versus Calculus 1. As such, Precalculus experience in
high school may be especially important for success in engineering.

3. Math self-efficacy was highest for those students who earned at least a “C” in their first
college math course, regardless of which course they enrolled in. As such, it may be
important that degree plans allow for flexible, individualized math completion options.

4. Students who were retained in engineering after their sophomore year showed higher math
self-efficacy during their freshmen year. Consequently, freshmen courses and support
activities designed to build math self-efficacy may contribute to improved retention.

We are administering a cohort-based freshmen experience designed to build math self-efficacy
among civil engineering students. Efforts center around encouraging mastery experiences
through a novel first-year Calculus experience; supporting vicarious experiences through peer-
and professional-mentoring programs; and managing social persuasions and physiological
arousal through connection with an instructional strategist and mentors. We will continue to
collect and analyze math self-efficacy data to better support our student population and assess the
impacts of our freshmen cohorts. Ultimately, math-self efficacy likely varies between different
groups and influences a student’s decision to persist in or leave engineering; therefore, strategies
to build self-efficacy may prove to encourage persistence of diverse groups in engineering.
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