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Integrated Engineering Math-Based Summer Bridge Program for Student
Retention

Abstract
The University of Alabama (UA) student retention statistics revealed that less than 33%
of incoming engineering freshmen were retained through graduation. Furthermore, low
performance in calculus was also found to impact upper-level engineering classes. This
graduation rate is 19 points lower than the national average of 52% for similar programs [6].
Analyses indicate that the primary reason for low retention is an inability of incoming freshmen
to perform well in calculus classes. At UA on average 30% of freshmen place into calculus and
therefore are ready to follow the recommended program of study for engineering students, 10%
of freshmen place into remedial math and the remaining 60% are the target group for our
program. This group represents the students who will enroll in pre-calculus algebra or
trigonometry and who are typically 1-3 semesters behind the recommended program of study for
freshmen engineering students. To address this retention problem the UA College of
Engineering developed a five-week summer residence class called the Engineering Math
Advancement Program (E-MAP). This National Science Foundation (NSF) funded program
prepares incoming freshmen for calculus in their freshman year. The program aims to increase
retention by preparing students to 1) do well in calculus and 2) get excited about engineering. In
addition to intensive math instruction, the program includes hands-on “Living-Lab” experiences,
field trips and a community service project led by professional engineers.
The program is evaluated annually by a team of K-12 math and science teachers lead by a
professional evaluator from out of state. Evaluators spend three days on campus each year
during the five week program session. They review and evaluate the program and offer guidance
for improvements. They have been generally impressed with the program design and
implementation to date. Changes made in response to evaluations are mainly in the areas of
student recruitment, grading criteria, study skills, and program cohesiveness. Although these
changes resulted in a fewer percentage of participants being allowed to proceed to Calculus I, the
second year showed overall improvement in student deliverables and grades over the first year.
The upcoming year-three will involve more interactive problem solving, a better defined
minority program, a standardized interwoven societal benefit project, and continued work to
identify methods to compare the E-MAP control group.
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One of the program goals is to determine the best set of teaching methods and materials
providing greatest impact on performance, ultimately measured through increased graduation
rates, in the limited amount of time available for instruction. Program assessment involves both
qualitative and quantitative data involving standardized tests and stakeholder evaluations.
Standardized tests include Learning and Study Strategies Inventory (LASSI), Math Science
Inventory and Meyer-Briggs in conjunction with the Pre- and Post- Math Placement Tests.
Results of the first two years of the program indicate that E-MAP has helped a majority of
participating students in engineering-math preparedness. Math Placement Test data from both
years show that 84% of E-MAP participants skipped at least one math course and 41% 2-3
courses. Analysis confirms results are statistically significant and provide very strong evidence

to conclude that the mean of pre and post E-MAP students' grades are not equal. At this level of
significance, the data proves that, on average, post-program grades (course grade 79.7) are
greater than pre-program grades (course grade 56.6). Of the 90% of year-one students who went
on Calculus I, 67% passed the class which is close to the control group average. In addition 30%
of participants have been minority and women students. Female averaged scores were higher
compared to male scores, the first year showing a significant difference (up to 10 points) in math
scores.
1. Introduction
The University of Alabama (UA) College of Engineering (COE) is the oldest engineering
college in the state of Alabama and one of the five oldest in the nation starting in 1837. The
College has been steadily moving up the rankings in “U.S. News and World Report”. In the year
2004 the college was ranked 84th among all engineering colleges nationwide, up from 88th in
2003 and 98th the year before (2002). This is the third consecutive year the university has been
ranked, and the third consecutive year the college has moved up in the rankings.
The College goal is to enroll 2,100 students by the year 2010 and provide one-third of the
undergraduate students with scholarships. As of Fall 2006 semester, the actual enrollment at The
University of Alabama is 19,474 undergraduate students of whom 1,858 are engineering
undergraduate students. This represents approximately 9.5% of the total undergraduate
enrollment per year at UA. The College of Arts and Science which includes the math and general
science departments, makes up the majority of undergraduate enrollment with about 31.8% of
the total undergraduate enrolment. It is followed by the College of Commerce and Business
Administration with approximately 24.7% of the total enrollment. Table 1 shows the distribution
of undergraduate students enrolled nationwide, in the state and at UA by their major college.
This data confirms that although engineering enrollment is higher than the national average we
lag the state average. There is a strong preference for Arts and Science across the data with UA
showing the highest percentage enrolment compared to the state and national data (data from
U.S. Department of Education, Alabama Commission on Higher Education and The University
of Alabama) [1], [7], [8].
Table 1. Distribution of Undergraduate Students Enrolled in Doctoral Granting Colleges as of
Fall 2005 (Percentages unless otherwise noted) [1], [7], [8]
College Enrolment/Total
University Enrolment
Engineering
A&S/Total
Commerce & Business
Other

National
5.8
33.6
21.1
39.5

State of Alabama
(including UA)
11.3
39.7
14.7
34.3

UA
9.2
32.9
24.2
33.7

2. Background
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Math is one of the primary tools of engineering. The earlier the student learns to master
the tool, the better he/she can manage the tool and apply it to problem solving. Lack of

preparation in math is one of the main factors contributing to student dropout in Engineering at
UA. The UA student retention statistics showed that less than 33% of incoming engineering
freshmen were retained through graduation. This is 19 points lower than the national average of
52% for similar programs. Analyses indicate the primary reason for low retention is an inability
of incoming freshmen to perform well in first-year calculus classes. Studies at UA have
established that around 60-70% of entering freshman engineering students are not calculus ready
[3] [10]
. Since the engineering program of study at UA assumes calculus ready students, 70% of
entering freshman engineering students are under-prepared for the program due to deficiency in
mathematics. The main results of this are poor performance in math related engineering classes,
longer time to graduation and low graduation rates from engineering.
Math Placement Test scores (MPT) collected by UA’s Engineering Student Services
Office are one measure used to document the fate of students who enter engineering as freshmen
and categorize them into two groups: those who stay in engineering, and those who leave the
engineering college but stay at UA. This data is shown in Figure 1 as percentage in each group
versus math placement score. Historically, students scoring below 310 on the Math Placement
Test do not have the math skills needed to pursue a career in engineering and either do not enter
into engineering or leave the college soon after starting the program. For students with math
placement scores below 440, retention is also low. The majority of pre-calculus ready students
leave engineering as a result of their math skills not being at the level that allow them to succeed
in engineering math based courses. Although not as significant, retention is a problem in the
higher scoring group. Based on research, the main reasons for retention problems in the 440 and
higher group are 1) students are not challenged by material taught at lower math levels and 2)
students were in general not motivated to continue in the pursuit of a career in engineering [3].
100
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Drop Eng.

E-MAP Target Group

80

Number of Students (%)

Remedial and
Intermediate Math

Pre-Calculus Math

Calculus I Ready
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40
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Figure 1. Student Retention in Engineering as a Function of Math Placement Test Score
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To combat this deficit, UA developed a unique, informal, interactive, and
interdisciplinary five-week summer residence class called the Engineering Math Advancement

Program (E-MAP) sponsored by the National Science Foundation, to prepare incoming freshmen
for calculus. The program aims to increase retention by preparing students to 1) be successful in
calculus and 2) be excited about engineering. In addition to a non traditional math class, the
program includes hands-on “Living-Lab” experiences, field trips and a community service
project led by professional engineers. The non-math aspects of the program were developed to
strengthen mathematical skills indirectly through engagement of the students in laboratory and
real world engineering problems, in the idea that solving skills are best nurtured through handson experiences [4], [ 5]
3. E-MAP Program
The E-MAP program is based on a number of pre-existing programs including those at
the colleges of engineering at University of Alabama in Birmingham (UAB), Tuskegee
University and Northwestern University. The UAB “Red Shirt” Program is a privately funded
pre-engineering program. One of the Co-Principal Investigators of our E-MAP project
previously oversaw and taught the Red Shirt program as an algebra based, pre-engineering
calculus summer program [9]. Another similar program in Alabama initiated a few years ago for
computer science ramp up at Tuskegee University has become so popular that students are being
turned away due to the class size limitations [2]. Northwestern University also implemented a
similar program. Northwester’s program called “EXCEL”, began 21 years ago and is specifically
aimed at minority students. Northwestern credits this program for giving them the highest
minority retention rate in the nation [6].
UA E-MAP program is five-week summer residence calculus ramp-up class for incoming
freshmen engineering students and is based on a combination of the “EXCEL” and “Red Shirt”
template. It is an optional program, offered the summer prior to the freshmen year of college. Its
main goal is to prepare incoming freshmen for calculus class and thereby increase the number of
students retained in engineering. Entering Freshman students with Math Placement Test scores in
the program target range are eligible to enroll in E-MAP. The program is tuition-free, the only
cost for the student being food and on-campus accommodation. Scholarship is also available for
up to 30% of the participants based on their needs.
Although entering freshmen students are not required to participate in the E-MAP
program, they are strongly encouraged to do so. They are expose to the program through an
intensive mailing campaign and high school advising. Promotional material includes program
flyers, poster presentations a program web site and program advertisements on UA and COE
websites.
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In addition to intensive math training the program also engages students in hands-on
problem solving labs, a group project, and gives the students a “sneak-peak” at what engineers
do after college. There are two other programs at UA that target high school and freshmen
students: the Student Introduction to Engineering (SITE) program is a general interest program
targets high school juniors and seniors interested in engineering, and the Freshman Engineering
Program is the first official engineering class for the incoming students. Both programs promote
math skills to some degree, but there is no direct “bridge” between high school and the first
semester of college which would enhance or improve the engineering math skills of the majority

of students entering COE. The E-MAP role is to fill in this gap and provide the graduate highschool/pre-freshman students the necessary background to be engineering calculus ready. Figure
2 shows how the E-MAP program complements existing math based programs offered at UA.

High School Program

SITE Program

Freshman Entry Programs

1st Semester College

No Intermediate Ramp-up Program

Freshman Engineering Experience
Program

TARGET GROUP
High school student introduction to
engineering & college life

Students with some math deficencies that
detract from paced cirriculum

Freshman team building program

Figure 2. Freshman Entry Programs at UA

The E-MAP program specifically targets 60% of students entering the COE and transfer
students coming in with math skills within the target group. Normally, these students would
enroll in Math 112 (Pre-Calculus Algebra) and 113 (Pre-Calculus Trigonometry), or Math 115
(Pre-Calculus Algebra and Trigonometry), placing them in either case a year behind the
remaining 30% entering at the Engineering Calculus 125 level. Up to an additional year is
required to get back on track with the core engineering courses. The lower 10% are not yet
ready to enter at the engineering pre-calculus level and would require additional instruction
outside the scope of this program. The upper 30% consist of engineering calculus ready and are
therefore also outside the scope of the E-MAP program (Figure 3).

Math 115
Pre-Calculus Algebra and Trig
Math 005
Introductory Algebra

Math 100
Math 112
Intermediate Algebra Pre-Calculus Algebra

Math 113
Pre-Calculus Trig

Math 125
Calculus I for Eng.

Math 126
Calculus II for Eng.

TARGET GROUP

10% of Engineering Students
Entering College

60% of Engineering Students
Entering College

30% of Engineering Students
Entering College

.
Figure 3. E-MAP Target Group Related to Math Placement Test Score
3.1 E-MAP Structure
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The program is structured to include a variety of experiences to enhance math skills and
student engagement in engineering. The engineering related activities include hands-on “LivingLab” experiences, field trips and a community service project led by professional engineers. In
addition, the incorporated fun learning experiences, teambuilding and social activities help avoid
summer burn-out and encourage participation and bonding. Math classes are taught in blocks in

the mornings only. The afternoons are allocated by rotation to Living-Labs, Calculus Lab, and
Community Service Project. One day per week is reserved for the learning experience through
the field trips. Social activities and/or math tutoring are available in the evenings.
Math Class
The E-MAP program offers an alternative curriculum for pre-calculus math building
upon the principal that students are individuals with different learning styles. The structure of the
E-MAP math program provides time for individualized mentoring experiences that could not
take place in the traditional lecture classroom because it involves all three forms of learning
through the use of multi-media introduction of new material, one-on-one tutoring, and hands-on
experience with applications. The classroom model is based on a small student/teacher ratio
with a lead instructor assisted by two teaching assistants (TAs). Students are taught pre-calculus
algebra and trigonometry for two hours per day. The math class incorporates relevant math
concepts from engineering labs and service projects that the students are participating in.
Additionally, tutoring sessions are available in the afternoon and evening. Classroom TA
interacts within the groups to explain and reinforce concepts. In class testing including a final
exam determines if E-MAP students are calculus ready.
Living Laboratory
The Living Laboratories are based on the eight areas of engineering at UA and they are
taught in multiple blocks to keep student-instructor ratios low and to allow flexibility in
scheduling. Each student is required to take four three-hour labs. Students may select three out of
nine offered laboratories, the fourth one being assigned by the program coordinators based on
student interest and lab availability. The two primary objectives of the laboratories are: the use
of math skills in an engineering setting, student exposure to the practical side of each engineering
discipline. The application of math skills in engineering is experienced, for example, by
exposing students to “data-gathering” experiments in each laboratory, data is then used to
examine, explain, or derive basic engineering theory. The second objective is achieved by
giving “broad-picture” engineering problems to illustrate the thought process behind each step of
engineering analysis, and to design and teaching students how to break large, complicated
projects down into small manageable pieces. This is an opportunity for the departments to
immerse the students in the “hands-on” work within each field and assists the student in career
selection and development.
Field and Campus Trips
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One day per week is dedicated to exposing students to off-campus engineering practice
such as plant and project tours. The field trips, usually a day long, are designed to focus on one
or more engineering career fields. We believe that the field trips will facilitate student exposure
to potential employers by providing introductions and promoting interactions between students,
key industry, government representatives and decision makers. Societal impact events were
conducted to educate students on engineering responsibilities. An effort has been made to line

up effective speakers, demonstrations and interactive exhibits at the plant sites so that students
are engaged rather than just observers.
Campus tours of local interest sites were interwoven with presentations by key freshman
program personnel to assist with orientation information including registration and housing.
Societal and campus activities were held in the afternoons on days where no laboratory
components were conducted.
Community Service Theme Project
The societal benefit component introduces students to participate as “team engineers” on
real-world projects sponsored by the West Alabama Chamber of Commerce’s Environmental
Task Force. The “Chamber Project” addresses how to research a project, how to work as part of
an engineering team, and the thought process in tackling a large engineering problem. The
Chamber members were extremely impressed with the student’s presentations and their
interaction with local engineers. They asked for continued sponsorship of E-MAP as a Chamber
outreach program and have helped to advertise activities with the local press. Year two
incorporated a real world societal benefit project for the creation of a “theme park” in the Lake
Tuscaloosa area (Figure 4). Problems related to the various design aspects were reiterated and
reinforced in various program components.

Figure 4. Community Service Theme Project - Water Park
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4. Program Evaluation
4.1 External Evaluation
Each year, the program is evaluated over a three day period by K-12 math and science
teachers as part of a team lead by a out of state professional evaluator from Cape Ann Economics
(CAE), Dr. Edward Moscovitch, who has worked over 20 years to assess and develop
educational programs in Alabama. Evaluators participated in classes, labs, tutoring sessions, and
held one-on-one interviews with the students and program participants (professors, instructors,
and teaching assistants). To date, the evaluators have been impressed with the program design
stating that “on a broad scale, E-MAP is a wonderful program” backed by an “able group of
instructors, professors, and teaching assistants.” During the past two years, CAE and the K-12
evaluators have outlined strengths and weaknesses in the program as guidance and as part of the
continual quality improvement cycle. The areas of strength focus on several key assets of the
program. First, the pre-calculus instructor Sam Evers was given very high marks for his teaching
style, on-line homework and on-line tutorial program. Second, the program also included a
module on how to study providing basic study skills needed for college. Third, the labs and
community service project were held in high regards for the “hands-on” learning combination of
project work, math skills, and basic engineering principals. Finally, the role models provided by
the teaching assistants served as effective examples of the success students could obtain while at
the College of Engineering.
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CAE and the K-12 evaluators also noted areas for improvement. From year one to year
two, program changes based on evaluator comments were made mainly in the areas of student
recruitment, grading criteria, study skills, and program cohesiveness. In the area of recruitment,
more mailers were sent to the schools themselves and more follow-ups were provided to
interested students. In year two, the grading criterion was increased to deduct for students who
did not attend classes, labs and events. Students were advised prior to starting the program that
those who miss any three sessions would be asked to leave the program. A study skills session
was added along with a themed service project used as the basis for the lab work and field
events. Although these changes resulted in a lower percentage of participants being allowed to
precede to Calculus I, the second year showed overall improvement in student deliverables and
grades. Year two evaluation included most notably: more student participation in the math
classes is needed, better use of teaching assistant time in the classroom, more use of computer
networking, making the labs of “even greater quality”, expanding the curriculum to address
introductory science areas of concern such as physics, differentiated instruction in small groups
with TAs, and determining need for assistance during the school year. Efforts were made in Fall
2005 and 2006 semesters to provide several tutoring sessions to monitor progress and to provide
additional guidance as needed. Unfortunately, students have not show much interest in attending
these sessions. They will be offered again in Spring 2007 semester and examined more closely
to determine methods for increasing participation. Additional plans for 2007 are to further
weave the themed project from the labs and events into the math lectures as well as to include
more hands-on projects into each class. Students will be called on more to work problems, for
general participation, and introduced to guest lectures by TAs and others to increase the level of

interaction and attention. Class materials from 2006 are currently being refined to address these
modifications.
4.2 Internal Evaluation
The internal evaluation program provides an analysis of student feedback gathered
through evaluations of labs, field trips, the math class itself, and the overall E-MAP program.
Students evaluated each of their engineering labs, using grades of A – F (4 for an A, 0 for an F).
Students in the first summer program had 9 labs with average ratings of the overall lab
experience from a low of 2.3 (Mechanical) to a high of 3.8 (Electrical and Environmental) while
students in the second summer program had 10 labs with average ratings of the overall lab
experience from a low of 1.6 (Calculus) to a high of 4.0 (Environmental).
The average rating for the lab teacher was consistently higher than the average rating for
the overall lab in the first year, but tracked relatively closely with the rating for the overall lab
for the second year. The students’ ratings of their own math preparation for each lab were
noticeably lower in the second year than the first year with average ratings from a low of 1.7
(Calculus) to a high of 3.6 (Environmental and Hydrology) but were actually more in line with
their ratings of the lab experience and the lab teacher. The first year students’ ratings of their
own math preparation for each lab were very good with average ratings from a low of 3.2
(Material and Mechanical) to a high of 4.0 (Environmental).
The most problematic lab was the Calculus lab which was added this year. The idea
behind the lab was to give students a feel for the big ideas in calculus but given that the
comments were almost uniformly negative, much thought needs to be given to retooling this lab.
The most common negative student comments about the lower-rated labs seemed to be related
to (1) confusion about what was going on in the lab, needed clearer explanations of what was to
be done, (2) needing more preparation for the lab, (3) not enough 'hands-on' participation, (4) the
use of Excel spreadsheets, (5) a belief that the lab was boring, (6)distractions (noise, the heat),
and (7) having too much to do in the allotted time. By contrast, the higher-rated labs received
much more positive feedback often related to the 'hands-on' quality of the lab. Additionally, EMAP students were asked to ‘grade’ each of the summer events, using grades of A – F (4 for an
A, 0 for an F). For second year students, there were 12 events with average ratings from a low of
2.41 (Pool) to a high of 3.56 (3-way tie: Lake & Hydro Plant, Lake Tuscaloosa, and Bowling).
The comments were mostly favorable and 18 of the 33 E-MAP students completed the
evaluations. (During the first year only 5 of the 28 students in the program actually evaluated
these events.) Although the second year results in this area are an improvement over those of the
first year, it would be useful in the future if evaluations could be obtained from all of the
participants in the program to ensure representative results (Figure 5).
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Students also evaluated their core math course along with some aspects of the overall EMAP program. The results were quite positive and it was clear that the students thought highly
of the overall E-MAP program and even more positively of their math instructor. The only
disappointing result here was the students’ frank acknowledgement that they were not taking
advantage of the tutoring sessions outside of class.
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Figure 5. E-MAP Program Components Evaluation
4.3 Program Quality Improvement
At the end of each summer program, the student feedback was shared with the
instructors. Suggestions and comments were discussed and addressed in group or in one-on-one
meetings. The Internal Advisory Board meets twice yearly to discuss progress, new ideas, and
improvements. Also, there are open discussions about student’s feedback and plans for
improvements for the next year.
5. Outcomes
The benchmarks that will be used to measure progress as the project moves forward are:
1) GPA, 2) retention rate, and 3) graduation rates between students who took the program and
compared to a control group comprising of students not participating in E-MAP within the same
initial math placement score range. Students in the program will be tracked during their college
career. At least 20% of the students going through the course will be interviewed at the end of
each semester to determine how they were impacted, and if they believe the program helped
them during the prior semester. Additionally, each student in the program that may leave the
COE or UA will be given an exit interview to determine what factors contributed to their
decision to leave, and if math deficiencies still played a role.
From the total number of first year E-MAP students about 30% have been minority
and/or women students. However, on the second year of E-MAP, about 40% of the participants
were women and about 60% were minorities (Black or Hispanic) (Figure 6)
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Figure 6. Demographic of E-MAP Students

5.1 Program Effectiveness
As mentioned earlier, an average 30% of freshmen place into calculus, 10% in remedial
math and 60% are the target E-MAP group. Students who enroll in pre-calculus algebra or
trigonometry are 2-3 semesters behind in the program of study. Figure 7 shows the Math
Placement score of the E-MAP versus control group students. Each year of E-MAP has a control
group selected from the students who did not participate in the program, but entered COE with
the MPT scores in the E-MAP target range. From the graph it can be seen that year-one E-MAP
students had lower MPT average scores before the beginning of E-MAP program. Later tests
results indicate that E-MAP has helped a majority of students in engineering-math preparedness.
Math Placement Test data from both years show that 84% of E-MAP participants skipped at least
one math course and 41% 2-3 courses due to summer math preparation.
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Figure 7. Math Placement Test Score of Control Groups vs. E-MAP Groups

Analyses confirm that the results are statistically significant and provide strong evidence
to conclude that the mean of pre and post E-MAP students' grades are not equal. At this level of
significance, the data proves that, on average, post-program grades (course grade 79.7) are
greater than pre-program grades (course grade 56.6). Female averaged scores were higher
compared to male scores, the first year showing a significant difference (up to 10 points) in math
scores.
Year-One was a Pilot Program and information from it has been incorporated into YearTwo. Changes were made mainly in the areas of student recruitment, grading criteria, study
skills, and program cohesiveness. Although these changes resulted in a fewer percentage of
participants being allowed to proceed to Calculus I, the second year showed only slight
improvement in student deliverables, grades and retention in engineering field (Figure 8). Of the
90% of year-one students who went on Calculus I, 67% passed the class which is close to the
control group average of 68%, even though initial math placement grades for E-MAP students
was on average 35 points below the control group.
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Figure 8. Student Retention in Engineering
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