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Abstract
A sustained summer engineering enrichment program was initiated in 2009 with the
objective of increasing graduation rates and decreasing time to graduate for first time freshman
with Math ACT scores from 17-25 which comprises the preponderance of our freshman
engineering class. The ten week summer program included College Algebra the first summer
term, Trigonometry plus an informal non-credit Introduction to Engineering the second summer
term, periodic trips to engineering employers, supervised daily study sessions and dormitory
accommodations facilitating formation of a community of engineering learners. The first five
summer cohorts were attended by 172 engineering majors and 128 or 74% continued in a School
of Engineering major in the fall following the summer program. Three or 12.5% of the 24 in the
2009 cohort graduated as engineers in May 2013 (4 years). This compares with a four year
graduation rate of less than 5% for all first time freshman engineering majors at our university
since the first engineer graduated in May, 2005 (over 300 graduates). Four more students in the
2009 cohort graduated as engineers in December 2013 while two additional students graduated
in other STEM majors in December 2013. The overall graduation results for the 2009 cohort to
date are that seven, or 29%, graduated as engineers in 4 ½ years and nine or 37.5% graduated in
a STEM major in 4 ½ years. Eight 2009 cohort students remain enrolled in the university (3
STEM and 5 non-STEM majors) and seven or 29% of the 2009 cohort have left the university
without graduating. An analysis of the 2010 summer cohort reveals that seven students
completed Senior Design I in Fall 2013 and are projected to graduate in four years (7/37 or 19%)
in May 2014. We believe these emerging graduation rate data imply that first time freshman
engineering majors with math ACT scores from 17-25 may achieve six year graduation rates
nearly comparable to those with higher scores with the benefit of a summer bridge program
focusing on enhancing mathematics readiness and becoming a community of engineering
learners. In summary, evidence is emerging (after 5 summer cohorts) that, for first time
freshman students in the ACT Math score range from 17-25, we can increase the 4 year
graduation rate nearly fourfold from about 5% to 19% and potentially increase the overall
engineering graduation rate twofold from about 25% to near 50%. Simultaneously, the average
time to graduate is reduced by nearly a year to less than 4 ½ years (from about 5.2 years).

Background
A projected long term summer engineering enrichment program was started in summer 2009
with an objective of increasing retention rates and graduation rates (in a School of Engineering
major) for first time freshman with ACT Math scores in the range of 17-25. A decrease in time
to graduate was expected. To be eligible to apply for admission to the summer program,
students must have applied and been accepted to attend the university during the fall semester
with a major in the School of Engineering [Civil Engineering, Computer Engineering, Computer
Science, Telecommunications Engineering or (since fall 2012) Electrical Engineering]. Students

in the summer program are enrolled for credit in College Algebra during the first summer term
and in Trigonometry and a non-credit Introduction to Engineering course the second summer
term. Classes meet in the mornings at 9am every day and study periods, monitored by Graduate
Students who attend the morning lecture, meet in the afternoons. A learning community
atmosphere is created as the students are housed together in a dormitory and evening and
weekend activities are planned. Periodic visits to engineering employers are arranged for the
cohort. The students meet upper class and graduate engineering students, alumni from previous
summer cohorts provide formal lectures and all expenses (tuition, room and board, and books)
are paid from a US Department of Education Title III grant. Two previous papers by the authors
provided some of these data that are included herein for completeness. Results in the papers
indicate that one, two, and three year retention rates were increased by 22%, 25%, and 29%
respectively when compared with students in the identical ACT Math score group (17-25) who
did not participate in the summer engineering enrichment program. Additionally, although the
data are limited, it appears that SEEP engineering students with ACT Math scores from 20-25
achieve a greater retention rate (by about 12%, 14%, and 23% for 1 year, 2 year, and 3 years
respectively) than their classmates with ACT Math scores of 17-19. Many summer
bridge/enrichment programs with various objectives/approaches (mostly aimed at increasing
retention of engineering majors) have been implemented [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12].
Most of the programs appear to have a nominal length of 2-4 weeks which is likely due to
program cost and sustainment of funding sources. To the best of our knowledge, none have been
undertaken for the full 10 week summer term, enrolled students in College Algebra and
Trigonometry for credit and sustained for a number of years.
We should reiterate that our university serves a first time freshman population with significantly
different ACT scores (or the SAT equivalent) from most Colleges of Engineering. Any student
admitted to the university may select one of our engineering majors as their field of study.
Nearly 70% of first time freshman students who choose one of our engineering majors have ACT
Math scores in the 17-25 range. The ACT Math scores of the remaining engineering majors
have changed markedly from the first engineering class in 2000 to the present. Like many other
universities, we place students with ACT Math scores above 25 in Calculus I (unless they qualify
to be placed in Calculus II by Advanced Placement test scores). Those with ACT Math scores
below 17 are placed in an Intermediate Algebra developmental class. In 2000, most other
freshman engineering majors had ACT Math scores below 17 while in 2013 others were about
equally divided between those with scores below 17 and those with scores above 25.

Baseline Data for Program Impact
Five cohorts (2009-2013) totaling 172 students participated in the summer engineering
enrichment program. All participants had ACT Math scores from 17-25 inclusive, and 95%
(163/172) passed both Algebra and Trigonometry with grades of C or better. A number of
students (44 or 25.6%) changed their majors to one with a curriculum requiring less mathematics
courses (usually Industrial Technology, Biology or a major in the College of Business) to begin
the fall semester. We believe this is a positive result since these students changed majors to a
curriculum more to their liking early enough to not affect their time to graduate. These data are
displayed in Table 1.

Cohort
2009
2010
2011
2012
2013

Number in
Summer Program
24
37
34
38
39

Table 1 Baseline Data
Cumulative
Number Changing
Total
Major
24
10
61
4
95
12
133
11
172
7

Cumulative Total
Changing Major
10
14
26
37
44

Academic performance [in Calculus, Physics and Chemistry] of the students who remained
engineering majors (128 or 74.4%) in the fall semester following the summer enrichment
program is enumerated in a previous publication. These data indicate that substantially more than
half the students who complete both Calculus II and Physics II with a C or better, tend to
graduate in an engineering major within the next three academic years. The number of students
who enrolled in the summer program (172) is used as the base for computing emerging
graduation rates and time to graduate because we are comparing these rates with the comparable
population (17-25 ACT Math scores) of engineering majors who began the fall semester (20092013) without the benefit of the summer enrichment program.

Emerging Impact on Graduation Rates/Times to Graduate
Since we only have 4 years and one semester of data for the 2009 summer cohort on which to
compute graduation rates, the adjective emerging was used to describe results to date. In
addition to graduation rates, one, two, three and four year retention rates in an engineering major,
will be displayed as well as graduation rates in a STEM major and in any university major.
Figure 1 shows historical (since program start) first time freshman (with ACT Math scores from
17-25) one year and two year retention rates in an engineering major. The first engineering
graduates were in May 2005 and the number of first time freshman is shown directly above the
academic year (from 2000 to 2012). Students who were in the 2009-2012 Summer Engineering
Enrichment Program (SEEP) cohorts are excluded from Figure 1 since these (non-SEEP)
retention rates will be compared with those for the SEEP cohorts.

Figure 1. Non-SEEP Retention Rate with ACT Math 17-25
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Figure 2 shows the one, two, three and four year retention (in an engineering major) rates for
students in each of the summer cohorts (2009-2012). The number of students in each cohort
upon which the retention rates were computed was based on the number of students in the
summer cohort (Table 1, column two).

Figure 2. SEEP Retention (ACT 17-25)
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Retention data are summarized in Table 2 which displays a side by side comparison of one, two,
three, and four year retention rates for all summer cohorts relative to retention rates for first time
freshman School of Engineering majors who did not attend the Summer Engineering Enrichment
Program (SEEP) during identical years in the 2009-2012 period. From 2009 to 2012, 219 first
time freshman began their college career as engineering majors in the fall semester. This is the
total number of students used to compute one year retention rates illustrated in Table 2.
Analogously, the total number of students upon which two year retention rates were calculated in
table 2 (2009 to 2011) was 163 (219-56) and the total number of students for calculating three
year retention rates in table 2 (2009-2012) was 103 (163-60). Data for four year retention for
non-SEEP students were unavailable. The zero year retention data represent the number of
SEEP students who remain enrolled in an engineering major in the fall semester following the
summer program. The four year SEEP retention data include students who graduated (7 of the
9).
Table 2 Engineering Retention Rates for SEEP vs. Non-SEEP Students
Retention
Non-SEEP Students
SEEP Students
Difference
0 Year
219/219=100%
128/172=74%
N/A
1 Year
117/219=53%
72/133=54%
1%
2Year
59/163=36%
42/95=44%
8%
3 Year
33/103=32%
25/61=41%
9%
4 Year
Not available
9/24=37.5%
Table 3 contains the 4 Year and 4.5 Year graduation rates for the 2009 SEEP cohort and the
projected 4 year graduation rate for the 2010 SEEP cohort. Figure 3 shows 4 to 8 year
graduation rates for First Time Freshman School of Engineering majors since program initiation
in 2000.
Non SEEP 2009
4 Year 9/96=9.4%
4.5 Year /96

Table 3 Engineering Graduation Rates
Projected 2010
Actual SEEP 2009
No projection
3/24=12.5%
No projection
7/24=29%

Projected 2010
7/37=19%
No Projection

Figure 3 depicts all non-SEEP School of Engineering graduates for each class of First-TimeFreshman since program inception in 2000. Averaged from 2000-2009, the four year graduation
rate is about 5%, whereas it is 9.4% for the 2009 class. Using the average four year graduation
rate for non-SEEP students of 5% and the projected 2010 SEEP cohort graduation rate of 19%
would tend to imply that the SEEP program could possibly increase 4 year graduation rates
nearly fourfold. Analogously, the nominal non-SEEP six year graduation rate in Figure 3 is
about 22% since program inception and a projected SEEP six-year graduation rate could be in
the 40%-50% range resulting in a nearly two fold graduation rate increase.

Figure 3. 4Yr - 8 Yr Graduation Rate for non-SEEP First-TimeFreshman
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The 2009 SEEP Cohort only has two students remaining as engineering majors. Consequently,
the upper limit of engineering graduates is 9/24 or 37.5%. Ten 2009 SEEP students were
enrolled during the Fall 2013 Semester and two graduated in December 2013 (one in Industrial
Technology and one in Earth System Sciences), both are STEM graduates. Therefore 9/24 or
37.5% of the 2009 cohort graduated as STEM majors. Three other STEM majors are enrolled
for the spring 2014 semester; two in Computer Engineering and one in Biology. The upper limit
of STEM graduates for the 2009 cohort is 12/24 or 50%. Additionally, there are five members of
the 2009 cohort enrolled in non-STEM majors for the spring 2014 semester. The maximum
number of graduates from the 2009 cohort is 17/24 or 71%. Seven (29%) of the 2009 cohort
students left the university without graduating. The preceding analysis of graduation rates
produced some interesting observations.
There appeared to be a significant difference in graduation rates (and retention rates) for students
in the Math ACT score subgroups of 17-19 and 20-25. Partitioning the 24 students in the 2009
cohort in these two subgroups results in small numbers of students in each; however, some very
interesting results are revealed. Table 4 shows the 4 year (May 2013) and 4.5 Year (December
2013) School of Engineering graduation rates for the 2009 SEEP cohort partitioned into ACT
Math scores of 17-19 (11 students), 20-25 (13 students) and 17-25 (all 24 students). Somewhat
surprising, zero of 11 students with ACT Math scores from 17-19 have graduated with a major in
the School of Engineering while 7 of 13 in the ACT Math score range of 20-25 have graduated.
One other student from each group remains enrolled as a Computer Engineering major in the
spring semester 2014. Table 5 shows the 4 year and 4.5 year STEM graduation rates by ACT
Math score groups. Table 5 reveals there were two other STEM graduates (Industrial
Technology and Earth System Sciences) that both came from the 17-19 ACT Math score group.
In addition to the two Computer Engineering majors still enrolled, one other STEM major

(Biology) remains enrolled in spring 2014. Additional graduates are expected in May 2014 from
this cohort.
Table 4
School of Engineering Graduation Rates; SEEP
2009 Cohort
ACT Math 17-19
ACT Math 20-25
ACT Math 17-25
4 Year
0/11= 0%
3/13=23%
3/24=12.5%
4.5 Year
0/11= 0%*
7/13=54%*
7/24=29.2%**
*1 still enrolled in Computer Engineering; ** 2 still enrolled in Computer Engineering
2009 Cohort
4 Year
4.5 Year

Table 5 STEM Graduation Rates SEEP
ACT Math 17-19
ACT Math 20-25
0/11=0%
3/13=23%
2/11=18%
7/13=54%

ACT Math 17-25
3/24=12.5%
9/24=37.5%

The insight revealed by Tables 4 and 5 above appears to imply that there are significant
differences in School of Engineering graduation rates for the ACT Math score groups of 17-19
and 20-25. Seven (7/13) engineers have graduated from the group with ACT Math scores of 2025 while zero (0/11) have graduated from the group with ACT Math scores of 17-19. Five of the
11 students in the 17-19 ACT Math score group remain enrolled in the university (2 STEM
majors, Biology and Computer Engineering, and 3 non-STEM majors). The remaining four
students in the 17-19 group left the university without graduating. Three of the 13 students in the
20-25 ACT Math score group remain enrolled in the university (1 STEM major in Computer
Engineering and 2 non-STEM majors). The remaining three students in the 20-25 group left the
university without graduating.
Although the numbers of students are small, indications are that the SEEP program increases
graduation rates in a School of Engineering major, especially for the 20-25 ACT Math score
group. The summer program may well increase graduation rates and STEM graduation rates for
the entire group of (17-25) ACT Math score students. Another two to five years of data with
larger cohorts should enable a more quantifiable set of observations. It appears the time to
graduate has been reduced by 0.5 to 1.0 years.
The quantitative data, albeit limited with respect to the total number of students to date,
presented tends to credit the emerging success in graduation rates to the SEEP summer program.
Qualitatively speaking the other aspects of the program certainly have a contribution to
graduation success as an engineering major. During the first summer, the SEEP students develop
a bond with one another that carries over throughout their undergraduate studies. They tend to
help one another in future semesters when some are experiencing challenges. Discussions with
students corroborate this sense of a community of engineering learners among the individual
SEEP cohorts. An additional aspect of the SEEP program that contributes to cohort success is
that two to four graduate students are employed half time to serve as a private tutor to the cohorts
throughout their undergraduate engineering studies. This tutoring assistance is focused on the
freshman and sophomore Calculus, Physics and Chemistry courses. The SEEP cohorts appear to
be more active with student chapters of the professional societies (American Society of Civil
Engineers, Association of Computing Machinery, Institute of Electrical and Electronic
Engineers, Institute of Transportation Engineers, National Society of Black Engineers,

Mississippi Engineering Society, Society of American Military Engineers and Society of Women
Engineers). Over the next couple of years we intend to develop an interview strategy to attempt
to better substantiate the these qualitative observations
Conclusions
Emerging data from a Summer Engineering Enrichment Program (SEEP) reveal the following
impacts on graduation rates and times to graduate for engineering and computer science majors
with ACT Math scores from 17-25.
(1). Graduation rates in a School of Engineering major (limited data) appear to be
increased for 4 Year and 4.5 Year graduates (9.6% to 12.5% and 15% to about 29%
respectively) in the first summer cohort (2009).
(2). The effect of the summer program on retention became more pronounced from one
year to two years and is projected to become even more pronounced for years three and
four.
(3). The average time to graduate was reduced by at least ½ year (from the limited data
available).
(4). A very significant difference in graduation rates for the two ACT Math score
subgroups of 17-19 and 20-25 was revealed. To date, 0% (0/11) of the 17-19 ACT Math
subgroup (11 students) graduated in 4½ years while 54% (7/13) of the 20-25 ACT Math
subgroup (13 students) graduated in 4½ years. This conclusion will not change markedly
with time since only one engineering major in each group remains enrolled.
(5). An extension of conclusion 4 would seem to be that the summer engineering
enrichment program appears to increase graduation rates in engineering for first time
freshman with ACT Math scores of 20-25 to comparable levels for students with higher
ACT Math scores.
(6). Two to five more years of data will produce statistically significant results; however,
emerging trends revealed by these data are expected to persist regardless of whether they
become more or less pronounced.
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