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Effect of Math Competency on Successin
Engineering Science Cour ses

Abstract

A few decades ago, only students with a strong raathscience background would seriously
consider pursuing a career in engineering. Todd, thve exception of highly selective colleges
— it is common among many engineering programsrafdiie nation to admit students at
varying levels of math competency. At the Universit Wisconsin-Platteville, many students
begin in the pre-engineering program if they entdlege with a perceived low level of math
competency reflected by poor performance in thenmpkltcement test. Consequently, they end
up spending several semesters taking remedial coattses before beginning the calculus
sequence and getting accepted in the engineeraggam. In an effort to understand and serve
students better, the effect of math competencyein success in engineering science courses
and possible retention in the program is beingistuthrough a survey. The results of this
survey are expected to provide us with a bettaeglmsnto the math preparedness of our high
school recruits. The collected data indicatesttherte is a direct correlation between perceived
math preparation and confidence level in early magiing courses. The data from this survey
will be used in our college to formulate an effeetintervention strategy. In this paper, the
details of the survey and the results are preseR@skible suggestions for future directions are
also discussed.

Introduction
Until recently, the perception was that only studemith a strong math and science background

would seriously consider pursuing a career in exgyimg. Today, with the exception of highly
selective colleges — it is common among many ermging programs around the nation to admit

students at varying levels of math competency. Margineering educators believe that students

have to meet or acquire a certain level of mathpetency in order to survive the rigors of an
engineering program. Because they are mandateztépia certain percentage of resident
students, engineering programs at state univessatie often facing the challenge of dealing with
students at lower than ideal levels of math readine

At our university, students typically begin in t@eneral Engineering (GE) program and then
matriculate into one of seven engineering majaiex &uccessfully completing core courses with
required core grade point average (CGPA) in mdilisies, chemistry, and the engineering
sciences. Students begin in the pre-engineeringyanoif they arrive at the university with a
perceived low level of math competency reflectegbgr performance in the math placement
test or a low score in the math section of ACT astas for poor math placement scores may
include not taking the placement test seriouslyhawing had four years of math in high school
or having completed four years and never gainingidence. Consequently, they end up
spending several semesters taking remedial matisesbefore beginning the calculus
sequence. In an effort to understand and servestsithetter, the effect of math competency on
their success in engineering science courses asxilgh® retention in the program is being
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studied. As part of the study, more than 700 sttgdenrolled in various GE courses have been
surveyed. The courses range from introductory legalses such as Engineering Success Skills
and Engineering Graphics to Statics, Dynamics, Mes of Materials and Basic
Thermodynamics.

The survey was conducted entirely on a self repgibasis — students reported their own
perception of their math competency level. Theyenasked to rate their math preparedness for
all the introductory engineering and engineeringrsme courses. If they had rated themselves
low, they were asked about steps they had takaddeess their deficiency. If they were having
difficulty in a math class, they were asked to defrom a variety of possible reasons with the
hope that they would really examine where the clifty was coming from and seek help to
address the issues. Since many states requirdvemlyears of math for high school graduation
[ students were asked about the highest level ofasis they had taken in high school and how
long before they entered college they had taketatemath course. They were also asked about
their ACT math score, math placement score, thrsir fhath course in college, if they had to
repeat any math courses in college and what werbigjgest challenges in the first math course
in college. Finally, students were asked about tenfidence and performance/satisfaction level
in the courses in which they were currently encblle

The results of this survey are expected to prousleith a better insight to the math
preparedness of our high school recruits. Resullisate that there is a direct correlation
between perceived math preparation and confidesve in early engineering courses. The data
from this survey will be used in our college torfaate an effective intervention strategy. In
this paper, the details of the survey and the tesué presented.

Survey Instrument

The goal was to see if we could establish a cdrogilamong factors relating to math
experiences and competencies of our students airdptacement and eventual success in
engineering science courses. Therefore, we detidask students surveyed to self report
several items - the highest level math course thely in high school and how long before
entering college they had completed this coursa; Math Placement Level score (MPL) when
entering college, their ACT Math score, the firgitmcourse they took in college, and if they
had to repeat any college math courses. In addiverasked them to rate their math skills
before taking an engineering science course atieyf felt that they were adequately prepared
for the course, along with their expected perforceahey were also asked to respond to a very
similar question with regard to their first mathucee taken at the university. Students were
asked to write about their biggest challenges th lotstances and how they managed them.
Finally, they were asked for their suggestion omithey perceived could be done differently
for both high school and college math courses.

Survey Results and Discussion

Responses collected from 719 students enrolledriows General Engineering (GE) courses
offered between spring 2008 and spring 2010 weaé/aed. The courses included introductory
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courses such as Engineering Success Skills, Inttmoiuto Engineering Projects, Engineering
Graphics, Engineering Modeling and Design and esgging science courses such as, Statics,
Dynamics, Mechanics of Materials, and Basic Therynadhics.

The composition of the survey population by cldaagading is shown in Figure 1 below. As
expected, there were more freshmen and sophomatergs in the survey pool than juniors and
seniors. More than 42% of the students were sophesn8tudents are typically enrolled in
multiple General Engineering (GE) courses durir@rtreshman and sophomore years before
they declare their engineering major. They coul@®lled in a GE class during their junior
and senior years if it is taken as an electiveef@mple, dynamics or thermodynamics for civil,
electrical or industrial engineering majors.
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Figure 1: Students surveyed at different levels

A significant majority of the surveyed students @beted Pre-Calculus or Calculus AB in high
school, as shown in Figure 2 below. Although a $peicentage, some had even completed
Calculus BC in high school. Considering the faett tihese are students in an engineering
program, this is no surprise. Among those enraheour program 87.5% had completed Pre-
Calculus, Calculus AB or BC in high school — with.B% completing Pre-Calculus, 43.7%
completing Calculus AB and 8.7% completing CalciB@ One could reasonably expect that
the percentage of students taking Calculus I, dl Binas their first math course in college would
have closely corresponding percentages. For exatmalge completing Pre-Calculus in high
school would be expected to begin with Calculusdollege. However, the corresponding
percentages of the first college math course amhrtawer with 25.6% beginning in Calculus |
and a much sharper drop in Calculus Il with onlys%7 taking this as their first college math
course. Among the 52.4% enrolled in Calculus Iptl]ll as their first math course in our
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Figure 2: Last Math course completed in High School

college, there is a large group of transfer stuglaitito have taken one or more math courses at a
different college campu$Vhat catches one’s attention is the fact thatéhsa high percentage

of students (78.8%, as per Figure 2 below) areriigteollege with Pre-Calculus or Calculus

AB already completed, then why so many students @4y are beginning college below Math
2640 Calculus | level as shown in Figure 3 below.
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Figure 3: First Math course taken at the University
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There could be several possible reasons for timst, Bur students are not retaining math
concepts learned in high school; secondly, theyndidearn the concepts properly or adequately
to begin with and finally, they did not take thdlege math placement test seriously. Another
point of interest is the high percentage of stusl@rto say they have taken either Calculus AB
or Calculus BC in high school (52.4%) but only 1#&port an AP grade. This suggests that a
large number of students take an AP math clasgyimdthool but quite possibly do not take the
AP exam toward the end of the school year.

Any of these scenarios would also explain the lamgaber of students receiving Math
Placement Level (MPL) score of 20 or 30 in spitéhef high percentage of the same group of
students having completed Pre-Calculus or CalciBign high school. Faculty have held the
assumption that because our state requirementdbrsichool graduation is completion of only
two years of math, we are getting more and morgestis who have not taken a math course
since their sophomore year in high school or dutivagy last year in high school. This study
suggests that this assumption is not a valid obeuf81% of students taking the survey had
taken a math course even during their last semieskegh school. Therefore, the time lag
between the last time they took a math course akidg the math placement test is not a factor
in their performance on the placement test. Withakception of a few transfer and international
students, almost all freshmen take their placerssts by freshman registration time in June and
July every year within at most a month after highaol graduation.

Many of the students surveyed did not respondéeajtiestion asking them to report their Math
Placement Level (MPL) score. Several could notlf¢igsa scores suggesting that many students
do not take these tests seriously. Over the y&aslty advisers routinely received similar
comments from students during freshman registrat@ssions. With a ratio of almost 2:1,
students expressed satisfaction with their placésmares. However, upon closely looking at
individual responses and reading comments, it ibkagrved that many were satisfied because
they had taken Calculus AB in high school and wéaeed in Calculus I in their first semester in
college. This was essentially a repeat and, thexe@ither than the faster pace, they did not have
much difficulty in their first math course in calje. Many expressed satisfaction just because
they had been placed in a calculus class. Not isimgly, those who were not satisfied with their
MPL scores were also those who had completed sit Galculus AB in high school but had
placed lower for their first math course in colle@# those who reported — the highest
percentage (37%) is an MPL of 40, which is the agjiplacement score allowing a student to be
placed in Calculus | (Math 2640) or Calculus Il @&740). For Calculus Il (Math 2840),

Math 2740 is a prerequisite. A student with an MPR0 is placed in Pre-Calculus (Math 2450)
and an MPL of 30 is placed in Trigonometry and AtialGeometry (Math 2530). The MPL
scores are discrete scores of 00, 10, 15, 20, @d@nThe placement options along with course
number and title for the math courses are showirable 1 in the Appendix.
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Figure 4: Math placement level (MPL) reported hydgints

Of the 719 respondents, about 72% reported to bewed between 20 and 29 on the math
section of the ACT test with about 47% scoringha tange 25-29. This is within the expected
range for our program. Students entering GE atuhigersity must have an ACT math score of
at least 22. Those who do not meet this requirermenplaced in a pre-engineering program
until they complete Calculus | with a grade of Chagher. As can be seen in Figure 5 below,
roughly a quarter of the students surveyed reparing scored in the range 30-36 in the math
section of ACT.
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Figure 5: Math ACT score reported by students
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An overwhelming majority of the students felt ttfa¢y were adequately prepared (81.3%) for
the first college math course, and on a scale 1 1hey rated their math skills between 7 and
10. They probably had reason to be confident s¢2c8% had received a grade of either an A or
a B in their last high school math course, as tiegy reported. Yet, roughly a third of the
students surveyed reported that they had to repeith course in college. Calculus | and
Calculus Il were the two courses that were repeatest often with 31.4% of students reporting
that they had repeated Calculus | and 36.2% hashteg Calculus .

Perhaps a sampling of the responses to the sunastign, “What was the biggest challenge in
the first math course that you enrolled in at theversity” would help explain the situation:

“The pace at first and having to study.”

“....getting used to tests and the way the profesaaght the class. Remembering the concepts
from Pre-Calculus was challenging.”

"How you have to explain your answer sometimesw kiou have to write really nice”
“...studying for the brutal tests and pop quizzes”.

“Keeping up with home work — so many distractions.”

“...transition from high school to college, learningw ways of studying”.

The survey asked students to choose from a ligbs$ible reasons or check “other” and explain
if they were experiencing difficulty in the mathuree they were currently enrolled in. The
reason cited more frequently than others (27.6% 3 that exams were difficult. 19.6% reported
that they were not studying enough. 15.3% hadatilty understanding the concepts in the
course. 11.4% thought the pace of the class waagboRounding up the top five reasons at
9.1% had too many classes on their schedule. @hasons were: 8.4 % did not understand their
instructor and 3% missed classes and exams. ABoutported “other” and while some
explained it, some did not — there was nothing istest in this category.

Students were asked to report which GE coursesttagyompleted or were currently enrolled
in. This covered a span of ten courses offerelenGE Department. For each course they had
completed or were enrolled in, students were agkeate their math preparedness on a scale of
1-10 (10 being the highest) for that course. Theyenasked to explain what corrective steps
they had taken if they felt that their math prepaess was rated below 5. Not surprisingly, none
reported their rating below 5.

Students were asked about their biggest challengeei GE class/es they had taken or were
currently taking. Those that responded to this tjoie$nostly mentioned the difficulty of
grasping the material, the amount of homework tiredjeequations and concepts to the problems
and the fast pace in courses such as Statics, Dgsaltechanics of Material, and
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Thermodynamics or learning and adjusting to théaswoe in courses such as Graphics and
Engineering Modeling.
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Figure 6: Students’ perception of their performamc&E courses

Students’ perception of how well they were doindnad done in their GE courses are shown in
Figure 6 above. As can be seen from the grapm#jerity of students seemed to think that they
were receiving either an A or a B grade in their €@Hrse. But in reality, that is not the case.
Typically, in most GE courses, there is quite a&agramong grades A-F. Although there are
exceptions, many GE courses end up with about degua a third of the class receiving an A
and a similar number of students receiving B’s @slwith a handful of D’s and almost always,
F’s also. After close examination of final gradesandomly chosen eight sections of
Engineering Success Skills (GE 1000), eight sestadrbtatics (GE 2130) and six sections of
Mechanics of Materials (GE 2340), it was noted B8&®o of the class had passed GE 1000 with
a grade of A, B, or C, 93% had passed GE 2130 afdl8&ad passed 2340 with similar grades.
What could not be taken into account was the nurabstudents who had dropped these courses
or were repeating the courses. It would be evestyutor's dream to be able to teach their
course in a way so that all students would pass ¢barse with an A or a B. But at least at our
university, we are far from achieving that dream.

Students were asked to rate on a scale of 1-10€i@ the highest), how much they thought
their math preparedness/competency had helpedith#émair GE courses. About 67% of the
students responded with a rating of 7 or highee distributions of responses are shown in
Figure 7. The individual comments showed that titeductory level courses such as
Engineering Success Skills or Introduction to Eeging Projects were courses where they
thought they didn’t need a high level of math cotepey.
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Figure 7: Students’ perception of how helpful Mpteparedness/competency
was in GE courses

Finally, students were asked about their opinionvbat could be done differently in high school
and in college to help strengthen their math expee/preparedness. The majority of
respondents thought that high-school math was slove-paced and teachers took more time
explaining concepts. For many, homework was neketegl in high school and that called for an
adjustment in college. Many wished high school nwdlsses would be more like college math
classes so they would have some idea in high saimmlt what it might be like in college.

Conclusion
Several conclusions were made from the study. Hhneyresented as follows:

A good majority of students in the program areemdering college with adequate math
competency. Although more than half have compl&aldulus AB or BC in high school - a
significant number of students are retaking thesgses in college and having to repeat them
too.

About a third of the students surveyed reportetittiey had to repeat one or more math course
at least once. The highest repeats were in Cal¢Math 2640) and Calculus Il (Math 2740).

When the combination of data on the first math seduaken and math course completed prior to
entering college is considered, the question gb@roetention of concepts becomes significant.

Close to half of our students started below Cakuilwhich is bound to result in their taking
longer to graduate. 1 in 5 students at our collEsgn with a low math placement and cannot
enroll in an engineering or natural science cobessause they do not meet math pre- or co-
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requisite requirements. They end up having taHglir schedules with classes that may meet the
general education requirement or they may considemor outside the college while they wait
two or even three additional semesters. This utetgaesults in delayed graduation — much
longer than the five year national average forpacgl engineering undergraduate.

A large number of students do not take the matbepieent test seriously and do not understand
the impact of a low math placement until much later

Self perception of the students’ ability and prepess for the next level of math classes and
engineering science courses are extremely higbwiththe data indicates to the contrary.

The assumption that our state requirement of ambyytears of math for high school graduation
is the reason we are getting more and more stugdmdshave not taken a math course since their
sophomore year or during their last year in higtost is not valid.

We as faculty and advisors need to do a betteofidielping prospective students set their goals
by explaining the entire curriculum and expectatiaspecially the first two years when they are
required to take math, science and foundation esursengineering. Simple strategies could be
suggested to those that are admitted but are b@hmath to minimize graduation delay, such as
taking a math class over the summer before stactiigge.

In-depth look at high school math and science culaiand providing possible opportunities at
the post-secondary level to facilitate a smoothditéon into the engineering curriculum needs to
be considered.
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Appendix

Table 1: Mathematics course options based on Maitement Level (MPL)

MPL | Course Mathematics Course Options at the University
Number
00 0010 | Elementary Algebra
10 0015 | Intermediate Algebra
15 1030 | Mathematics for Educators | (for Education majan/p
1530 | College Algebra
1630 | Finite Mathematics with Applications
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1730

Mathematics of Finance

1830 | Elementary Statistics

20 2450 | Precalculus

30 2530 | Trigonometry and Analytic Geometry
2630 | Calculus with Applications

40 2640

Calculus and Analytic Geometry |
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