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Abstract 
Interest and success in science, technology, engineering, and mathematics (STEM) fields is a national 
U.S. priority ([1], [2]).  US students are less attracted to careers in STEM fields than students in other 
developed (and developing) nations [3].  Poor preparation for college is a national problem in the US. 
Nationally, in 2013, only 26% of the students completing the American College Testing (ACT) service 
exam tested college ready in all areas [4] and only 19% of Tennessee graduates tested college ready 
in all areas [5].  In Tennessee, less than 30% of high school graduates are college ready in both 
science and mathematics. At our institution, in fall 2014, 72% of the first-time, full-time freshmen 
(FTFTF) were not college ready (under-prepared) in mathematics (56%) or in science (58%). National 
reports indicate that between 33% and 53% of entering freshmen need some remediation [6], with 
those students requiring the most remedial work being the ones least likely to persist and graduate [7]. 
Many students are attracted to the job opportunities and increased pay promised by a STEM career, 
but too often they are not prepared for the rigors of calculus and organic chemistry. While 
mathematics preparation is not the only stumbling block to persistence in a STEM major, it is a 
significant challenge for many. Under-prepared students with academic potential deserve a chance to 
succeed in the STEM pipeline. 

This work describes an NSF-funded STEP (STEM Talent Expansion Program, DUE#0969571) project 
called “Mathematics as a First STEP to Success in STEM (FirstSTEP)” with a vision to develop/adapt 
interventions that mitigate under-preparation in mathematics for FTFTF STEM majors. Persistence in 
STEM (as well as college in general) is a complicated issue impacted by many factors unrelated to 
mathematics, including family understanding of and support for college, funding for higher education, 
study habits, grit, commitment, self-efficacy, expectations, organizational skills, and others.  First-
generation students often lack role models and advisors to help them navigate the complex academic 
world. Low socioeconomic status (SES) students often must work to pay for tuition and living 
expenses, and provide family financial support. Many students have not learned that some topics 
require academic struggle. Consequently, when the solution is not immediate, they “give up.”  These 
students lack grit, good study habits, and persistence skills.  

FirstSTEP was designed to provide two years of academic support for FTFTF STEM majors entering 
with poor mathematics preparation (ACT mathematics subscores 19-23, inclusive). The proposed plan 
to help these students included (1) a two-week pre-college mathematics bridge program to fill some of 
the arithmetic and algebra gaps in their knowledge, (2) a 1-credit pass/fail (P/F) academic year 
seminar to provide students weekly contact with project personnel and various supports (such as class 
scheduling, tutoring, counseling, and mentoring) for the participants each semester through their 
sophomore year, (3) intrusive advising and mentoring, (4) team research experiences between their 
freshman and sophomore year that engage students with a faculty member outside of class early in 
their college career, and (5) mathematics curricular innovations to help all students succeed. Success 
of the various interventions will be described through six years of data collected from 2010 through 
2016. 

Keywords: STEM, persistence, mathematics preparation, interventions.  

1 INTRODUCTION 
There are many reasons for a lack of interest and persistence of US students in STEM fields [8]. 
Millennial students who are typically lacking in educational planning skills face many issues [9] that are 
not directly related to academic preparation. For them, self-confidence and developing study habits, 
social competence, and resilience [10] can have as much to do with success in college as academic 
preparation [12]. Many students are attracted to the job opportunities and increased pay promised by 
a STEM career, but too often they are not prepared for the rigors of calculus and organic chemistry. 
While mathematics preparation is not the only stumbling block to persistence in a STEM major, it is a 
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significant challenge for many. In fact, success in Algebra 1 in 8th grade and Algebra 2 in 9th grade are 
inversely correlated with the need for remediation in college [12]. Students who pass Algebra 1 by the 
end of 9th grade are more likely to take advanced mathematics courses, graduate from high school, 
and succeed in college [13]. Students who complete Algebra 2 in high school are twice as likely to 
earn a bachelor’s degree [14]. So, if mathematics is so important, why do so many students graduate 
high school under prepared for college level mathematics? 

How do we address students’ poor preparation in mathematics?  It may not be possible in every case 
or it may require more money or time than is available. Non-academic barriers to college success can 
be just as critical as under-preparation in mathematics or science. Anyone working to improve 
postsecondary persistence must be aware of the myriad of factors that lead to a student changing 
majors or dropping out of college. In our NSF STEP project called “Mathematics as a First Step to 
Success in STEM (FirstSTEP),” we did not anticipate the severity of non-mathematical barriers and 
were not initially prepared to handle them. In the next section, we describe the FirstSTEP project and 
interventions used to help at-risk students succeed in college level mathematics. 

2 THE PROJECT 
FirstSTEP was designed to provide two years of academic support for entering FTFTF STEM majors 
with poor mathematics preparation (ACT mathematics subscores 19-23, inclusive). The average ACT 
mathematics score for FirstSTEP participants was 21.3.  ACT’s college readiness benchmark for 
mathematics is an ACT subscore of 22 [15]. Students scoring a 22 or higher on the mathematics 
subscore are considered, by ACT, to be “college ready” in mathematics, meaning that they have a 
75% chance of earning a grade of A, B or C in college algebra in their first semester of college. Of 
course, STEM majors are expected to start at a higher level of mathematics, ideally, Calculus I. At our 
university, the majority of our STEM majors are not ready to begin Calculus I their first semester in 
college. The goal of FirstSTEP was to start FTFTF STEM majors in pre-calculus and for them to 
complete Calculus I the second semester of their freshman year, keeping them somewhat on track for 
their STEM major. For students with an average mathematics ACT score of 21, this is a challenge, but 
a challenge FirstSTEP was committed to meeting. Table 1 includes demographic data for the five 
FirstSTEP cohorts, the corresponding control groups and STEM and university demographics for 
comparison. The control group consisted of all FTFTF STEM majors with mathematics ACT 19-23 
who enrolled in pre-calculus their first semester and who were invited to apply for the FirstSTEP 
program minus the cohort that was accepted. Unfortunately, not all students in the control group 
reported ethnicity data.  

Table 1.  Demographic Data for FirstSTEP and Comparison Groups 

 Ethnicity Treatment Control STEM* University* 
Total (N) 186 968 3,452 22,729 
White 46.2% 36.1% 64.8% 65.9% 
Black or African American 43.5% 16.5% 16.6% 19.4% 
Asian 4.8% 3.3% 4.2% 2.6% 
Hispanic or Latino 3.8% 0.6% 6.4% 4.0% 
Other or Not Available 1.7% 43.5% 8.0% 8.1% 
Male 48.4% 52.7% 58.9% 46.6% 
Female 51.6% 47.3% 41.1% 53.4% 

*Fall 2014 only 

The proposed plan to help FTFTF STEM majors with poor mathematical preparation included (1) a 
two-week pre-college mathematics bridge program to fill some of the arithmetic and algebra gaps in 
their knowledge, (2) a 1-credit pass/fail academic year seminar to provide weekly contact and support 
for the participants each semester through their sophomore year, (3) intrusive advising and mentoring, 
(4) team research experiences between their freshman and sophomore year to engage students with 
a faculty member outside of class early in their college career, and (5) mathematics curricular 
innovations to help all students succeed. We were budgeted to provide support for a cohort of 50 
FTFTF STEM majors each year, about 20% of the eligible students. Academic characteristics of the 
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participants and the control group are provided in Table 2 below and are compared to all freshman 
STEM majors and university freshmen.  We provided the interventions mentioned above for the 
participants and studied the difference in their academic success and their persistence as a STEM 
major compared to the control groups, ultimately hoping to increase retention and graduation of STEM 
majors in this at-risk population. Table 3 shows the distribution of students by college major. At the 
time of the project, health science majors were part of a general science major within chemistry.  

Table 2.  Academic Preparation Data 

*FTFTF fall 2014 

Table 3.  FirstSTEP/Control Participants by College Major 

 Major FirstSTEP Control STEM* 
Total (N) 186 968 3,452 
Biology 16% 21% 21% 
Chemistry 47% 47% 44% 
Computer Science 13% 8% 12% 
Engineering Technology 18% 18% 14% 
Geosciences 0% 1% 3% 
Mathematics 7% 3% 4% 
Physics/Astronomy 5% 2% 2% 
*All STEM majors fall 2014 

2.1 The interventions 

2.1.1 Mathematics summer bridge program 
The mathematics summer bridge program (referred to as the bridge program) would be classified 
as a “developmental bridge program” offered to incoming FTFTF STEM majors and focusing on 
mathematics. Developmental bridge programs, offered between high school graduation and college 
matriculation, are quite common and often consist of a discipline focus and additional training to help 
students transition to college life ([16], [17], [18]). Many bridge programs, but not ours, provide 
academic credit for developmental course work in mathematics or writing. Our focus is on filling the 
gaps in mathematical knowledge and problem solving strategies missed in 4th through 12th grade. Our 
bridge program is shorter than most, 2 weeks compared to 4 to 6 weeks, and is mostly non-residential. 

Students in the summer mathematics bridge program attended for 7 hours per day for 10 days (2 
weeks). On day 1 students completed a diagnostic test using MyMathTest [19] that resulted in a 
personalized study plan within the software. Around 25% of each day was dedicated to completing the 
individualized study plans. Some students had gaps traceable to 4th grade and, as a result, their study 
plan included a larger number of problems than the study plan of other students. Several student 
assistants were available to help participants when they had questions, even though the software 
provided virtual assistance. The remainder of the day was used for hands-on problem solving, learning 
how to take notes in a college mathematics class, peer-led team learning sessions, and understanding 
how mathematics is used in other STEM disciplines. 

Metric Treatment Control STEM* University* 

Number (N) 186 968 714 2,932 
Mathematics ACT 21.2 21.1 21.9 20.8 

Comprehensive ACT 21.2 21.7 22.5 22.3 

High School GPA 3.4 3.3 3.4 3.4 
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Table 4.  Average FirstSTEP Gains from Bridge Pre-Test to Post-Test (Percent Correct) 

 Metric 

Cohort 1 Cohort 2  Cohort 3 Cohort 4 Cohort 5 Total 

Pre  Post Pre  Post Pre  Post Pre  Post Pre  Post Pre Post 
Avg. Scores 21.6 59.1 15.0 59.7 17.1 46.2 21.1 49.4 20.0 54.3 19.0 53.8 
Gain 37.5 44.6 28.4 28.3 34.3 34.8 

Normalized 
Gain* 

0.48 
  

0.50 
   

0.34 
  

0.36 
  

0.44  
  

0.43 
  

*Normalized gain = gain / max possible gain = (post – pre) / (100 – pre) 

Participants completed a pre-test (Day 1) and a post-test (Day 10) that covered algebra topics 
including rational expressions, exponents, functions, linear equations and inequalities, graphs, and 
maximum and minimum values. The pre- or post-test could not be administered to the control group 
because they were scattered across numerous pre-calculus sections. Normalized gain scores from 
pre- to post-test represent the portion of the “possible gain” that was achieved. The bridge data are 
provided in Table 4 above.  Notably, Table 5 indicates that the bridge program impacted more than the 
student’s mathematical understanding. 

Table 5.  Self-Perceptions of FirstSTEP Summer Bridge Participants 

 Percent who Agree or Strongly Agree 
Item Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 
Feel more comfortable on the campus 100% 97% 95% 95% 100% 
Know what resources I can access 88% 97% 97% 97% 100% 
Meet friends I can study and learn with 100% 97% 92% 97% 100% 
Feel better prepared for pre-calculus  94% 97% 95% 97% 100% 

The summer mathematics bridge program was expensive and is therefore difficult to sustain. We 
piloted an alternative, called a pre-calculus readiness workshop to address some of the gaps of 
students who are about to enter a pre-calculus class. The pre-calculus readiness workshop meets for 
three (3) days just prior to the start of the semester in which students are enrolled in pre-calculus. 
Students who are at-risk of not succeeding in the class (including students with low mathematics ACT, 
students who have previously been unsuccessful in the course, and adult learners who have not taken 
a mathematics course recently) are invited to attend the readiness workshop. A workshop runs for 6+ 
hours per day and is exclusively focused on content and pedagogy used in the upcoming class. Pilot 
data in Table 6 below show that this 3-day, just-in-time remediation workshop had a slightly greater 
impact on academic success in pre-calculus than that of the 2-week summer bridge program. 
Academic preparation (high school GPA, math ACT, and composite ACT) scores (not shown) were 
lower for the readiness workshop students but not significantly lower. 

Table 6.  Pre-Calculus Readiness Workshop Student Success 

Group Timeline N #ABC* %ABC 
Readiness 2015-2016 43 33 76% 
FirstSTEP 2010-2016 178 121 68% 
Control 2010-2016 593 345 58% 
All Pre-calculus 2010-2016 6,336 3,689 58% 

*Number of students who succeeded (earned A, B, or C) 
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2.1.2 One-credit Pass/Fail Academic Year Seminar 

The 1-credit Pass/Fail Academic Year Seminar was designed to provide weekly interactions with 
and among participants, to provide resources (tutoring and referrals), and to help build a community. 
Like most of the interventions, FirstSTEP paid the tuition for the seminar ($55 for 1 credit if already full 
time) and provided students a small stipend ($200) for participation. Two unexcused absences 
resulted in failing the seminar and losing the stipend. We had planned to focus the seminar on college 
success skills such as time management, study skills, and how to talk to a professor. However, the 
mathematics gaps were so severe and the bridge program was so short that we instead focused the 
seminar on the mathematics class they were taking. In essence, it became a supplemental instruction 
[20] session taught by faculty members committed to student success. Seminar did help build 
community and provided the desired weekly connection to participants. Sophomore seminars provided 
time to focus on creating a poster from their summer research and submitting it for presentation at the 
National Conference on Undergraduate Research (NCUR) and other conferences. The second 
semester sophomore seminars focused on creating a resume and preparing for internship or job 
interviews.  

We also used the seminar to experiment with pedagogical enhancements. For instance, in one 
seminar we provided a Process Oriented Guided Inquiry Learning (POGIL) approach [21] to 
supplement the student’s pre-calculus course.  

2.1.3 Intrusive advising and mentoring 

In FirstSTEP, intrusive advising and mentoring began during the summer bridge program where 
the Co-PI team tried to help the participants identify the gaps in their mathematical knowledge and 
begin to close them. During the bridge program, help was provided to arrange their first semester 
schedule to include the 1-credit seminar class. By design, the FirstSTEP Team planned to provide the 
intrusive advising and mentoring for participants. The Team certainly contributed to this effort, but 
before the first cohort finished their freshman year, the Team knew that we needed additional 
assistance in this area. We hired a ½-time “life coach” to help the students. The job of the life coach 
was to (1) know the students, (2) assist the students with educational and life issues, and (3) keep the 
project team informed and engaged in addressing student issues. Basically, the life coach was to 
“nudge” participants to complete tasks that would help them succeed, similar to Thaler and Sunstein’s 
[22] notion of an access coach. This intensive advising/mentoring began 2-3 years before the 
university became committed to student retention as demonstrated by hiring 50 additional full-time 
professional advisors and developing a predictive data analytics program to identify and track at-risk 
students. 

2.1.4 Summer immersion team research 

The summer immersion team research experience was designed to connect the project’s at-risk 
STEM majors to a faculty member outside the classroom setting, believing, as many have argued, that 
this is a key to retention ([23], [24]). Pascarella and Terenzini [25] cite the absence of sufficient 
interaction with other members of the college community as the single leading predictor of college 
attrition. The desired interaction must go beyond the formal and expected environment of the 
classroom [26] and beyond the often limited contact involved in mentoring or typical academic 
advising. Informal contact must be provided early in students' careers in college, at a time when they 
are most likely to depart. For African American students, for example, the amount of faculty contact 
affects both retention and academic performance [27]. 

The summer immersion research experience lasts three weeks and requires 40 hour of work per week 
from each participant. It is intense (that is why we call it immersion), but good faculty mentors know 
how to design the daily workload so that students can manage a full day of research activities, mixing 
data collection with literature review and laboratory/field work. A research team consisted of a faculty 
mentor, an experienced upper-division research student assistant, and 4-5 FirstSTEP participants. 
Over the six years of the project, FirstSTEP funded 41 research teams across the STEM disciplines 
listed in Table 3. The sciences accounted for 30 of these and engineering technology offered 8. Table 
7 below provides the titles for a typical summer program.  
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Table 7.  A Sample of FirstSTEP Team Research Projects by Major 

 Major Project 
Biology Quantification and Analysis of Chloroplast mRNA Processing 
Chemistry Green Solvents for Organic Synthesis 
Computer Science Virtual Reality Tools for Autism Therapy 
Engineering  Multimodal Energy Harvesting using Piezoelectric Mechanisms 
Geosciences Spatial Analysis of the Tilt and Tilt Direction of Carbonate Rock Layers 
Mathematics Investigations In Counting and Probability 
Physics Optical Laser Trapping to Determine Malignant Potential of Cancer Cells 

Initially, students indicated on a pre-survey that they felt confident in their ability to do undergraduate 
research (3.0 average out of 4.0) but felt less well prepared to do so (2.9 out of 4.0). Both measures 
improved (to 3.3 and 3.1, respectively) by post-survey. To measure the “depth of research experience” 
the research team developed a new instrument called DOSE for “Depth of Science Experience.” 
DOSE examines the extent to which students engage in the activities that fall into various levels of 
Bloom’s Taxonomy [28]—remembering, understanding, applying, analyzing, evaluating, and creating. 
Overall, students rated the depth of their experience at a higher level than did their mentors (41.8 
compared to 35.3 out of 60 possible points), as one might expect. Differences of opinion about the top 
two tiers of Bloom’s Taxonomy (evaluating and creating) account for more than half of the difference 
(12.8 compared to 10.6, with 20 points possible).   

As we try to assess the summer research experience, it is important to remember that these are at-
risk students who have completed their freshman year; not the traditional undergraduate research 
students that faculty are accustomed to mentoring. Faculty were asked to create research projects 
that were amenable to this group of relatively inexperienced students. The faculty evaluation seems 
reasonable in this context. According to the research team’s personal observations, there was as 
much growth in confidence and academic maturity during the 3-week immersion experience as in the 
entire freshman year of course work. Perhaps for the first time, students could imagine themselves as 
a professional in their chosen STEM field. Furthermore, as mentioned earlier, the research did not 
stop at the end of May when the immersion experience ended. Some students continued to work with 
professors on the assigned project and other research (as we had hoped). Some students published 
with the professor in the NCUR Journal or discipline journals. Many students, with the aid of the 
FirstSTEP Team, prepared abstracts and posters to present at local, state, regional and national 
meetings and conferences. Table 8 contains a brief summary of the impressive presentations counts 
from FirstSTEP students. A presentation often involved a team of 3-4 students.  

Table 8.  Number of FirstSTEP Presentations and Publications 

Group Activity Local State National International 

Students* 
Presentations 55 14 17 2 

Publication  0 0 4 2 

FirstSTEP 
Co-PIs 

Presentations 5 6 14 1 
Publication  0 0 2 0 

*All mentored by faculty during the summer immersion program 

2.1.5 Mathematics curricular innovations 
FirstSTEP included funding for mathematics curricular innovations because the researchers felt 
that this was a way to broaden the scope of the project and to sustain some of the improvements in 
retention and graduation. The FirstSTEP Team tried a number of active learning strategies including 
undergraduate research, peer-led team learning (PLTL), and process oriented guided inquiry learning 
(POGIL). Data from the FirstSTEP project was shared with the Mathematical Sciences faculty. The 
department chair was a member of the Co-PI team. A group of concerned mathematics faculty 
decided they should look at innovations in pre-calculus. They settled on a pilot of Arizona State 
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University’s Pathways to Calculus [29] project that applies covariational reasoning (coordinating 
images of two varying quantities and attending to the ways in which they change in relation to each 
other) through small groups and classroom participation. This pedagogy was expanded to include all 
pre-calculus sections in spring 2016. It is important to note that this curricular change was a grass 
roots faculty initiative. One of the FirstSTEP Co-PIs was a member of the faculty group that selected 
the model. FirstSTEP has funded faculty development for pre-calculus and Calculus 1 instructors 
using the Pathways model and the creation of a learning community for instructors teaching with the 
model. Table 9 includes a comparison of pass rates for traditional teaching versus the Pathway 
approach. Overall, there is no significant difference in the pass rates of the two pedagogies, but it is 
wonderful to see students talking mathematics and owning their ideas. 

Table 9.  Comparison of Pass Rates for Pre-Calculus Students: Traditional v. Pathways 

Group Statistic Traditional Teaching Pathways to Calculus 
Math ACT 19-23 Number of Students  110 113 

Percent Pass Rate  53.6% 55.3% 
Math ACT 16-27 Number of Students  248 220 

Percent Pass Rate  57.7% 62.1% 

3 RESULTS 
The main focus of the NSF STEP program is improvement in the retention and graduation of at-risk 
STEM majors. With university funding increasingly determined by retention and graduation rates, 
many universities have a keen interest in improving these outcomes. In FirstSTEP, we were 
committed to improving the success of at-risk FTFTF STEM majors in mathematics. . First, we present 
data about the success of FirstSTEP participants in Pre-calculus and Calculus 1 (Table 10), then we 
present retention data. We consider success in a course to correspond to earning an A, B, or C—any 
grade that is not a D, F, or W (withdraw). The overall difference in the success rate in pre-calculus for 
FirstSTEP participants compared to the control group is statistically significant (z = 2.67, p = 0.005) at 
the α = 0.01 level.  

From Table 10 we can see that 101/168 = 60% of FirstSTEP pre-calculus students progressed to 
Calculus I while less than 158/400 = 40% of the control progressed to Calculus I. Overall, only 22% of 
the pre-calculus control group students passed Calculus I compared to 35% of the FirstSTEP group.  

Table 10.  Comparison of Pass Rates 

Group Pre-Calculus Calculus I 
 N Pass Rate N Pass Rate 
FirstSTEP 168* 69% 101 58% 
Control 400 57% 158 57% 
University# 1080 59% 805 60% 

*Students who did not attend summer bridge are omitted 
# Academic year (fall and spring) averaged over the last five years 

Success in freshman courses is a key to retention in college and retention is the key to graduation. 
Table 11 compared FirstSTEP retention to the control group and the university as a whole. Here, 
retention means “retained in STEM” except for the university-wide numbers. 
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Table 11.  Percent Retained as a STEM Major at the University 

 Group N To 2nd Year To 3rd Year To 4th Year* To 5th Year* 
FirstSTEP 184 52% 40% 35% 37% 
Control 972 39% 27% 17% 17% 
MT STEM 1,056** 49% 38% 33% 30% 
These values should be considered in light of the university’s overall retention: 
MT All 3,777# 70% 54% 45% 39% 

*Includes retained & graduated students; **All FTFTF STEM majors in fall 2010; 
 #All FTFTF students at MTSU in fall 2010 

Looking at the data in Table 11, several conclusions are clear. While we improved retention among 
our at-risk participants significantly beyond the control group and beyond the entire fall 2010 STEM 
population in general, much work remains to be done.  Only 52% of our participants continued as 
STEM majors into their sophomore year, compared to 39% for the control and 49% for STEM majors 
in general. Their FirstSTEP experience continues to help them persist in STEM at an increasingly 
greater rate than the control. The difference between FirstSTEP and control retention rates widens 
across the years (+13% to 2nd year; +18% to 4th year; +20% to 5th year). A six-year project provides 
only limited graduation data and while the limited data is positive (FirstSTEP participants have 
graduated at a higher rate than the control group), no conclusion about graduation rates can be drawn 
at this point because of limited data.   

In addition to improving student outcomes (such as “success in pre-calculus and calculus 1,” and 
“retention in STEM”), some university-wide policies and procedures were directly or indirectly affected 
in a material way by FirstSTEP initiatives. Many of these changes will directly impact future cohorts of 
at-risk students. The MTSU Undergraduate Research Center now funds team projects and is 
experimenting with funding a research class. The university now has a large cadre of full-time 
professional advisors to nudge and assist at-risk students. Midterm grade reports are now required for 
all students. The mathematics faculty changed the pedagogy used to teach pre-calculus and is 
considering change for Calculus 1. The STEM departments are piloting our “readiness workshop” 
strategy as a way to improve success in freshman science and mathematics classes. Some faculty 
attitudes towards at-risk students have changed, based on their experience with the summer research 
immersion and the resulting student presentations and publications.  

4 CONCLUSIONS 
We learned a number of lessons from the FirstSTEP project, some of which may be useful to others 
who are working to improve retention of at-risk STEM majors. The first lesson is that while poor 
mathematics preparation is a common and significant barrier for many students, these deficiencies 
cannot be addressed in isolation. Other factors, such as social and family issues, are just as important 
and must likewise be addressed if an academic intervention is to be successful. Some gaps in 
mathematical knowledge go back as far as 4th grade. In a two-week mathematics summer bridge 
program we could not address all of the gaps. We could, however, with additional support during the 
academic year, help students who were not likely (by ACT benchmarks) to pass college algebra, to be 
successful in pre-calculus their first semester in college, at a rate significantly higher than the control 
group and higher than the pre-calculus population in general. This success was certainly impacted by 
several interventions in the FirstSTEP program, namely, the mathematics bridge program, the 
required mathematics tutoring during the pre-calculus course, and the intrusive advising and 
mentoring that helped keep the students on track. We do not have plans to sustain the summer 
mathematics bridge, but we have piloted a replacement strategy that we call “pre-calculus readiness 
workshop” where we invite at-risk students enrolled in the upcoming pre-calculus course to a 3-day 
intensive mathematics workshop to help prepare them for success in the course. With two semesters 
of data, the pre-calculus readiness workshops appear to be successful at helping at-risk students 
succeed. While the summer immersion team research project offered between the first and second 
year did not impact pre-calculus success, data show that it had a significant impact on STEM retention 
and graduation. We plan to sustain this strategy by offering summer (3-week) research classes for 
lower-division students. Pilot research classes over the last two summers have been successful, but 
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this may be because we paid the students a stipend to enroll in the class. In the future they will have 
to pay for the class.  

Under-prepared students may not be at fault for their lack of knowledge. Rural schools often fail to 
offer rigorous science and mathematics courses and may not offer honors and advanced placement 
courses. When they realize what they do not know, under-prepared students can work to fill 
knowledge gaps and they can succeed in STEM majors and careers. Like Brier (1978), we would like 
to view the under-prepared student as, “not one who has failed, but rather one who could succeed,” if 
the institution is committed to making that happen.  
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