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ABSTRACT

This study identified post-enrollment attitudes and perceptions
that influence students’ decisions to remain in an engineering cur-
riculum. Non-cognitive factors including expectations and per-
ception of the engineering profession, assessment of personal
attributes, and subject-matter confidence were investigated.
Discriminant analysis functions were developed to distinguish
among three mutually exclusive groups: those who remained in
the engineering school, those who remained at the university in a
different school, and those who left the university altogether.
Self-reported confidence in college-level math/science ability and
the belief that an engineering degree enhances career security at a
respectable salary were found to be significant predictors of both
short-term and long-term persistence in engineering.

Keywords: engineering freshmen, longitudinal study, discriminant
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1. INTRODUCTION

Researchers have expounded numerous explanations for the
high dropout rate experienced by four-year undergraduate institu-
tions [1-6]. The prevailing general theory of student persistence is
based on Tinto’s Interactionalist Theory which postulates that per-
sistence is a function of student attributes as well as institutional fit.
Although multi-institutional studies of persistence can help identify
trends, single-institution studies are needed to understand the phe-
nomenon of persistence which reflects an individual’s decision to
stay or leave a particular institution [1].

The lack of student persistence toward a science, technology,
engineering, or mathematics (STEM) degree has been the focus of
several important national studies [7-12]. One NSF-funded study
indicates the STEM persistence-to-graduation rate is 41 percent
[7]. Many STEM students decide to leave before the end of the
freshman year; for others, however, the decision is made much later
in their college career [8]. A recent multi-institutional study by
Zhang et al. [12] supported the use of two cognitive variables (high
school grade point average and SAT math scores) to predict engi-
neering student graduation. The authors observed that these cogni-
tive factors explained only a small percentage of the variability in
college student persistence and that other factors needed to be in-
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vestigated. In an older single-institution study, Levin and Wyckoff
[13] investigated the predictive ability of a combination of cognitive
and non-cognitive factors. They found that several non-cognitive
variables, combined with high school grade point average and SAT
scores, were predictive of freshman year persistence. However,
models based on post-enrollment data for the first and second years
of college were composed entirely of cognitive variables (science
and math grades). The authors concluded that effective persistence
models change as the engineering student progresses through the
college curriculum. Based on a cross-institutional study, Besterfield-
Sacre, Atman and Shuman [14-16] found that attitudes held by
freshman engineering students when they entered college differed
as a function of gender and institutional characteristics. Within
their own institution, the researchers found significant differences
in certain attitudes between students who left engineering in good
standing and those who left in poor standing. Their data indicated
that SAT math, high school rank, participation in a specialized
program, and financial motivation for studying engineering were
significant predictors of freshman-year attrition.

These studies suggest that non-cognitive variables should be
considered as part of any model that seeks to explain persistence at a
specific institution. The purpose of the study reported here was to
build a preliminary model of how students’ attitudes held after at-
tending college for one year affect both short-term and long-term
persistence in engineering. The ultimate goal is to develop a spe-
cialized theory of persistence toward graduation for undergraduate
engineering students.

II. METHOD

A.Data Collection Instruments

The primary instrument was the Pittsburgh Freshman Engi-
neering Attitudes Survey (PFEAS) that was administered to stu-
dents enrolled in a required engineering course during the second
semester of their freshman year. The PFEAS, which was designed
by Besterfield-Sacre to elicit students’ attitudes and beliefs about cer-
tain variables which have been associated with persistence [14], yields
scores on 13 factors (CAREER, JOBS, PERC, SOC, MATH,
EXACT, FAMILY, BASIC, COMM, ENGINE, GROUPS,
STUDY, ABIL). Internal consistency, as measured by Chronbach’s
alpha, has been reported as 0.8 or better for each of the factors [17].
The second data source was a database that is updated annually by the
university’s Office of Institutional Research. The author obtained
permission from the university’s Institutional Review Board to
combine data from these two instruments into a single database and
use this data to conduct a retrospective study of persistence.

Journal of Engineering Education 1



B. Participants

This study was based on a longitudinal sample from the 138 stu-
dents who entered the School of Engineering (SoE) as freshmen in
the fall 0of 2000. Twenty-three names were eliminated from the data
analysis because of missing information. Thirty-four percent of the
sample was female. Sixty-four percent of the participants classified
themselves as White-Caucasian; twenty-six percent as African-
American. The participants were divided into three mutually exclu-
sive groups based on their college enrollment status. Tables 1 and 2
summarize the composition of the persistence groups. The 1YR
suffix is used for status one year after entering college; the 3YR suf-
fix signifies status three years after entering college.

C. Statistical Analysis Technique

Discriminant analysis has been conceptually described as a fu-
sion of the three essential functions of statistical analysis (data
reduction, inference, and identification of association among vari-
ables) [18]. It is used to classify individuals into groups based on one
or more predictor variables or to distinguish groups based on linear
combinations of variables [19]. In that regard, it is similar to multi-
ple regression, except that the criterion variable in multiple regres-
sion is quantitative and the criterion variable in discriminant analy-
sis is qualitative. Furthermore, multiple regression is used to fit a
single model to a given set of variables; whereas discriminant analy-
sis can produce several discriminant functions for a given set of pre-
dictor variables [20]. There are three assumptions of discriminant
analysis that have an impact on the significance of the tests. These
are (1) multivariate normality, (2) homogeneity of population vari-
ances and covariance, and (3) independence between participants
[19]. SPSS for Windows 11.5 was used to conduct the analysis.

D. Variables

The focus of this study was to determine the extent to which stu-
dents’ attitudes could be used to predict persistence. Therefore, pre-
enrollment cognitive variables (high school grade point average and
SAT scores) and post-enrollment cognitive variables (college grade
point averages) which have been shown to be associated with persis-
tence at our school of engineering [21, 22] were not included in the
model. Due to the small sample and uneven group size, attempts to

Enrollment Status

Fall 2001 No. Code

Not enrolled in the university 6 Leaverl YR

Enrolled in the university but

not in the SoE 12 Switcherl YR

Enrolled in the SoE 97 Stayer] YR
Table 1. Study 1 enrollment categories.
Enrollment Status
Fall 2003 No. Code
Not enrolled in the university 17 Leaver3YR

Enrolled in the university but
not in the SoE

Enrolled in the SOE 84

14 Switcher3YR

Stayer3YR

Table 2. Study 2 enrollment categories.
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model persistence status using all thirteen PFEAS attitudinal fac-
tors and three criterion groups based on persistence one year after
entering college were not advisable [20]. Tests of normality on the
current data set indicated that data for six of the factors were not
normally distributed, and they were eliminated from further con-
sideration for this statistical method. The remaining factors were
grouped as follows: (1) expectations and perception of the engineer-
ing profession (JOBS, CAREER, PERC); (2) assessment of per-
sonal attributes (ENGINE, ABIL); and (3) confidence indicators
(BASIC, COMM). Correlation analyses showed that the three
measures of the engineering profession were highly correlated;
therefore JOBS was selected to model career expectations. Similar
analyses showed that the two measures of personal attributes were
correlated; ENGINE was selected. The two confidence measures
were not correlated; both were selected as potential non-cognitive
predictors of student persistence.

III. RESULTS

The results of two discriminant analysis procedures that predict
membership into three groups (Stayer, Switcher, Leaver) based on
the criterion (dependent) variable persistence in engineering using
four non-cognitive predictor (independent) variables (JOBS, EN-
GINE, COMM, BASIC) are presented. Study 1 results used regis-
tration status one year after entering college to determine group
membership; study 2 used registration status three years after entering
college.

For study 1, the Box’s M Test, which tests the null hypothesis of
equal population covariance matrices, was non-significant; thus the
assumption of the homogeneity of the variance-covariance matrices
was supported. Since there were three grouping categories, two dis-
criminant functions were developed. The overall Wilks’ lambda was
significant, A = 0.829, X2 (8) = 20.77, p < 0.008. This test indi-
cated the four predictors differentiated among the three persistence
groups (LeaverlYR, Switcher1YR, and Stayer1YR). The residual
Wilks’ lambda was not significant; therefore we only evaluated the
first discriminant function. The canonical correlation was used to
evaluate the effect size. The canonical correlation is a function of
the eigenvalue (\) which is the ratio of the between-group sum of
squares to the within-group sum of squares for a one factor
ANOVA which used the groups as the levels of the factor and the
values of the discriminant function as the dependent variable. By
squaring the canonical correlation value, we determined that 15.6
percent of the variability in the discriminant function scores was ac-
counted for by differences among the three student groups. The
standardized canonical coefficients for the selected discriminant
function are shown in Table 3.

We were able to correctly classify 85.2 percent of the individuals
in the sample. The leave-one-out method yielded 83.5 percent

Predictor Variable Coefficient
ENGINE -0.619
COMM -0.046
BASIC 0.751
JOBS 0.645
Table3. Study 1 standardized function coefficients.

July 2005



correct classifications, thus assessing how well the classification pro-
cedure would predict in a new sample.

For study 2, which evaluated persistence status three years after
entering college, the Box’s M Test was also non-significant. The
overall Wilks’ lambda was significant, A = 0.785, X2 (8) = 26.7,
p < 0.001. This test indicated the four predictors (JOBS, EN-
GINE, COMM, BASIC) differentiated among the three persis-
tence groups (Leaver3YR, Switcher3YR, Stayer3YR). The effect
size was larger than for study 1. The function had an eigenvalue of
0.259 and a canonical correlation of 0.454. Thus, we determined
that 20.6 percent of the variability in the discriminant function
scores was accounted for by differences among the three student
groups. We were able to correctly classify 76.5 percent of the individ-
uals in the sample. The leave-one-out method yielded 74.8 percent
correct classifications. Table 4 shows the standardized coefficients for
the discriminant function.

IV. D1SCUSSION

With respect to groupings based on student status one year after
entering college, univariate tests of the equality of group means
showed strong differences among the groups for two of the factors:
BASIC (F(2,112) = 4.565, p < 0.012) and JOBS (F(2,112) =
3.964, p < 0.022). At the end of one year of college, the Stayers
possessed higher confidence in their basic academic skills in calcu-
lus, chemistry, physics, and engineering (A = 3.69) than did the
Leavers (M = 3.02). Interestingly, the math/science confidence
level of the Switchers (M = 3.52) was closer to that of the Stayers
than the Leavers. With respect to the JOBS factor, the Stayers held
the strongest positive views (M = 3.54) of the three groups. How-
ever, the mean JOBS score for the Switchers (M = 3.17) was closer
to that of the Leavers (M = 3.06) than the Stayers. Although the
Switchers were relatively confident of their math/science ability,
they were less enamored with engineering as a career at the end of
their freshman year. Also, the JOBS score suggests that they might
have entered the school of engineering with less intrinsic motiva-
tion than the Stayers. These results can be compared with Levin
and Wyckoft [13] who found that a focus on status and money was
negative predictor for persistence in engineering through the fresh-
man year.

With respect to groupings based on student status three years
after entering college, univariate tests of the equality of group means
were significant for the same two factors: BASIC (#(2,112) =
5.005, p < 0.008) and JOBS(#(2,112) = 8.889, p = 0.000). Stu-
dents who chose to remain in engineering for at least three years
(Stayer3YR) possessed higher confidence in their basic academic
skills in calculus, chemistry, physics, and engineering at the end of
one year of college (M = 3.73) than did the those who were no
longer enrolled (M = 3.28). The math/science confidence level of

Predictor Variable Coefficient
ENGINE -0.370
COMM 0.177
BASIC 0.634
JOBS 0.807
Table4. Study 2 standardized function coefficients.
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the Switchers (M = 3.55) was about halfway between the other two
groups. With respect to the JOBS factor, the Stayers held the
strongest positive views (M = 3.59) of the three groups. The mean
JOBS score for the Switchers (M = 3.41) was closer to that of the
Stayers than the Leavers (M = 2.97).

The results of this research suggest that lack of confidence in
math and science ability, combined with motivation for studying
engineering, are associated with attrition from our school of engi-
neering. For students whose interest in engineering is genuine,
efforts to increase their math/science confidence could result in
reduced attrition. For those Switchers who lack confidence in their
math/science skills, and whose main attraction to engineering was
the expectation of high pay and good job opportunities, the decision
to leave may have been the best for them. The long-term persis-
tence results suggest that impressions that students form with
respect to their math and science abilities during the freshman year
are reflected in their decision to leave engineering as much as two
years later.

The study reported here has several limitations. First, since
this was a single-institution study at a small teaching-oriented
school of engineering, the results may not be generalizable to stu-
dents at other types of engineering schools. Besterfield-Sacre has
shown that certain freshman student attitudes vary significantly
from institution to institution [16]. Second, since we analyzed
post-survey results collected in April, the attitudes of early leavers
were not represented in this study. A future study which uses data
from the pre-survey data which was collected in during orienta-
tion in August might give us insight into their views. Third, due
to the small sample size, we did not differentiate between those
who left in good standing versus those who left in poor standing.
Previous research indicates that attitudes toward engineering
vary between these two groups [15]. Finally, by using only a sub-
set of the 13 factors available in the survey instrument, we may
have overlooked some important interactions with other variables
that would produce a different model. Although our sample
comprised 84 percent of the population of entering freshmen, the
small class size makes it difficult to conduct a multivariate analy-
sis based on a large number of factors. Studies conducted by
schools with much larger entering freshman classes would be
needed to help us understand the interrelationships among larger
sets of non-cognitive variables and their potential effect on
persistence.

V. CONCLUSIONS

The persistence patterns of a cohort of students who entered en-
gineering school as full-time freshmen in the fall 2000 semester
were tracked over a three year period. Our prediction model shows
that end-of-freshman-year attitudes can be used to effectively pre-
dict persistence status one year or three years after entering engi-
neering school. Specific to this study, confidence in college-level
math and science ability, and the belief that an engineering degree
enhances career security were significant predictors of persistence.
This research does not negate the importance of other cognitive
variables, especially science and math grades earned in college. In-
stead, this research confirms that non-cognitive factors such as atti-
tudes and beliefs formed during the freshman year should be con-
sidered by investigators when they develop persistence models for
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their institutions. The systematic collection of non-cognitive as well
as cognitive data is an important step as we work toward developing
a specialized theory of persistence for undergraduate engineering
students.

ACKNOWLEDGMENTS

We wish to thank the Engineering Information Foundation
(EiF 03.09) and the Mercer University School of Engineering for
their support of this research.

REFERENCES

[1] Tinto, V., Leaving College: Rethinking the Causes and Cures of Stu-
dent Attrition, 2nd edition, Chicago, Ill.: University of Chicago Press,
1993.

[2] Pascarella, E.T., and Terenzini, P.T., How College Affects Students:
Findings and Insights from Twenty Years of Research, San Francisco, Cal.:
Jossey-Bass, 1991.

[3] Braxton, J.M. (editor), Reworking the Student Departure Puzzle,
Nashville, Tenn.: Vanderbilt University Press, 2000.

[4] Bean, ].P. “Conceptual Models of Student Attrition: How Theory
Can Help the Institutional Researcher,” In E.T. Pascarella (ed.), Studying
Student Attrition, New Directions for Institutional Research, No. 36, San
Francisco, Cal.: Jossey-Bass, 1982.

[5] Noel, L., Levitz, L., Saluri, D., and Associates, Increasing Student
Retention, San Francisco, Cal.: Jossey-Bass, 1985.

[6] Braxton, .M., Milem, J.F., and Sullivan, A.S., “The Influence of
Active Learning on the College Student Departure Process: Toward a Re-
vision of Tinto’s Theory,” The Journal of Higher Education, Vol. 71, No. 5,
2000, pp. 569-590.

[7] Center for Institutional Data Exchange and Analysis, The Reten-
tion and Graduation Rates of 1994-2000 Freshman Cohorts Entering Science,
Technology, Engineering and Mathematics Majors in 200 Colleges and Uni-
versities, September 2002, www.occe.ou.edu/csrde.

[8] Seymour, E., and Hewitt, N., Talking About Leaving: Why Under-
graduates Leave the Sciences, Boulder, Colo.: Westview Press, 1997.

[9] Leslie, L.L., McClure, G.T., and Oaxaca, R.L., “Women and Mi-
norities in Science and Engineering: A Life Sequence Analysis,” The Jour-
nal of Higher Education, Vol. 69, No. 3, 1998, pp. 239-276.

[10] Adelman, C., Women and Men of the Engineering Path: A Model for
Analyses of Undergraduate Careers, U.S. Department of Education, PLLI
98-8055, 1998.

[11] Goodman Research Group, Final Report of the Women'’s Experi-
ences in College Engineering (WECE,) Project, 2002, www.GRGINC.com.

[12] Zhang, G., Anderson, T., Ohland, M.W., and Thorndyke, B.,
“Identifying Factors Influencing Engineering Student Graduation: A Lon-
gitudinal and Cross-Institutional Study,” Journal of Engineering Education,
Vol. 93, No. 4, 2004, pp. 313-320.

4 Journal of Engineering Education

[13] Levin, J., and Wyckoff, J., “Predicting Persistence and Success in
Baccalaureate Engineering,” Journal of Education, Vol. 111, No. 4, 1991,
pp- 461-468.

[14] Besterfield-Sacre, MLE., Atman, CJ., and Shuman, L]J., “Engi-
neering Student Attitude Assessment,” Journal of Engineering Education,
Vol. 87, No. 2, 1998, pp. 133-141.

[15] Besterfield-Sacre, MLE., Atman, C.J., and Shuman, L.J., “Char-
acteristics of Freshman Engineering Students: Models for Determining
Student Attrition in Engineering,” Journal of Engineering Education, Vol.
86, No. 2,1997, pp. 139-149.

[16] Besterfield-Sacre, ML.E., Moreno, M., Shuman, L..]., and Atman,
ClJ., “Gender and Ethnicity Differences in Freshman Engineering Stu-
dent Attitudes: A Cross-Institutional Study,” Journal of Engineering Educa-
tion, Vol. 90, No. 4, 2001, pp. 477-490.

[17] Besterfield-Sacre, MLE., personal communication [e-mail], Sep-
tember 21, 2004.

[18] Kachigan, S.K., Multivariate Statistical Analysis: A Conceptual In-
troduction, 2nd edition, New York, N.Y.: Radius Press, 1991.

[19] Green, S.B., Salkind, N.J., and Akey, T.M., Using SPSS for Win-
dows: Analyzing and Understanding Data, 2nd edition, Upper Saddle River,
N.J.: Prentice Hall, 2000.

[20] Field, A., Discovering Statistics using SPSS for Windows, Thousand
Oaks, Cal.: Sage, 2000.

[21] Burtner, J., and Backer, G., “Persistence toward an Engineering
Degree: Does Confidence Make a Difterence?” (CD) Proceedings, 2004
American Society for Engineering Education Southeastern Conference.

[22] Burtner, J., “Critical-to-Quality Factors Associated with Engi-
neering Student Persistence: The Influence of Freshman Attitudes,” (CD)
Proceedings, 2004 Frontiers in Education Conference, Institute of Electrical
and Electronic Engineers, pp. F2E-1-F2E-5.

AUTHOR BIOGRAPHY

Dr. Joan Burtner is assistant professor of Industrial and Systems
Engineering in the Department of Mechanical and Industrial Engi-
neering at Mercer University in Macon, Georgia. She is the princi-
pal investigator of the Engineering Information Foundation grant
that partially supported the research reported in this paper. Dr. Burt-
ner is the current coordinator of the engineering statistics course, and
the former coordinator of the engineering economy course and the
freshman engineering design course. She also teaches statistical
quality control, quality engineering, quality management, and indus-
trial management case studies. She is a past recipient of the School of
Engineering Teacher of the Year Award, and is a principal investi-
gator on engineering education and research grants that total more
than $145,000. Her professional affiliations include ASEE, I1E,
ASQ, and SWE. She is an ASQ Certified Quality Engineer.

Address: Engineering School, Mercer University, Macon, Geor-
gia, 31207; telephone: (478) 301-4127; fax: (478) 301-2331;
e-mail: Burtner_J@Mercer.edu.

July 2005



