Retests. A Rescue Plan for the Sophomore Slump
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Abstract — Experience at Mercer University indicates thatiastantial percentage of sophomore engineering
students, when faced with their first real disciplspecific engineering courses (typically Stagicd Electrical
Fundamentals), fall behind early in the coursesrangr catch up. This can lead to poor gradespdiagement
with the program, and ultimately transfer out ofjiereering. To address this issue, a pilot progr&offering
optional retests for the first major examinationhiese courses has been initiated, giving studeméschoose to
take advantage of it a second chance not onlyatm Ithe material, but to re-tool their study habiseliminary data
indicate a significant fraction of those who weeatied for a D or F end up with a C or better incierse. More
importantly, it is expected that the lessons ledinethe students will result in increased sucaespper-level
courses.
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INTRODUCTION

Entering freshman engineering students typicaltg tzalculus and science courses similar to (bueradvanced
than) courses they have taken in high school, aldtigintroductory engineering courses designegrtvide brief
exposure to the various engineering disciplines@bas basic principles of design, working in tesam
communication, and programming. Then, in the Behester of the sophomore year, they are confionité the
first real discipline-specific engineering core s®s: typically Statics and Electrical Fundamentdlsey have
successfully completed the prerequisites and hgeaaof college under their belts; yet experieaicklercer
University indicates that up to one-third will earrgrade of D or F on the first test in these tworses.

There are many possible reasons for this resuithieumost obvious one may be the most overloolstddents tend
to underestimate the amount of independent worgideof class necessary to succeed in these camddn the
upper-level engineering courses they will subsetjyemcounter. Systematic solution of problemsoiming
multiple steps takes practice and a discipline thatbest be achieved by working such problemshersmwn.
Students often learn this the hard way after sgapimorly on the first major test, and then are dawéh the
monumental task of both re-tooling their study kmbnd making up for a substandard grade. Sonideébdown
and recover; many others give up. As a resulsdfmurses gain a reputation among the studefigeasl-out
courses,” even though that was never the intent.

At Mercer, a pilot program of “retesting” for thigst exam in Statics is in its second year. Stuslan¢ eligible for a
second chance on this exam, but only after conmgletnd turning in a fairly substantial list of ptedms over and

above the regularly assigned work: this is thedmigssion ticket” to the retest. Their recordeddgréor the exam is
a weighted average of their original score and th&ire on the retest. The intent is to providestudents with an
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opportunity to recover from a bad first grade, whikmonstrating to them the benefits of hard waitkide of class.
This paper discusses the implementation and remuttate of the Statics retesting program.

BACKGROUND AND MOTIVATION

Retention of engineering students has generatedadsed attention in recent years. In a study ah IState
University, of 1,151 entering engineering studeB29 had graduated in engineering after 5 yeat, 18% still
enrolled in engineering [1]. Astin [2], using ddtam 300 institutions, found that of 25,000 fisgar engineering
students 43% graduated in engineering. RetentitmataMercer University School of Engineering irsdiea
substantial reduction in student population frortegng freshmen to rising juniors: of the 2007 sla§freshmen
entering the School of Engineering 57% remaineghigineering in the fall of 2009.

The early engineering curriculum at Mercer is faglandard: freshmen typically take Calculus | Hn@hemistry,
Physics and General Education courses outsidedih@oBof Engineering. Within engineering, they takeee
courses: Professional Practices (EGR 108), Intriiolu¢o Engineering Design (EGR 107), and Prograngnfior
Engineers (EGR 126). First semester sophomoresthedir first two discipline-specific engineeringueses:
Statics/Solid Mechanics (EGR 232), and Electriaaidamentals | (EGR 244). In their second sophortesra
they take Thermodynamics (EGR 235), Dynamics (E38), Electrical Fundamentals Il (EGR 245), and
Probability and Statistics (EGR 252). This engiiregcore curriculum is summarized in Table 1.

Table1l. Mercer University Freshman and Sophomore Engineering Core Cour ses

Freshman First Semester Sophomore Second Semester Sophomore

EGR 107 Intro. to Engineering | EGR 232 Statics/Solid Mechanics EGR 235 Thermodyosm
Design

EGR 108 Professional Practices ~ EGR 244 ElectrivablBmentals I| EGR 236 Dynamics

EGR 126 Programming for EGR 245 Electrical Fundamentals
Engineers

EGR 252 Probability and Statistics

Summary grade distributions for the engineering@murses from the 2008-2009 academic year arerslow
Figure 1. Possible grades are A, B+, B, C+, G-and W (for Withdrawn from the course). The rilisttions
show a substantially higher percent of D, F, andrfes in the first term sophomore courses StSttis/
Mechanics and Electrical Fundamentals. These twoses serve as pre-requisites and form the fowsrdapon
which many of the upper-level engineering couraekibStudents who do poorly in these two coursstainly
have diminished chances for success later in tirecalum.
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Figure 1. Gradedistributionsin Mercer Engineering Core Cour ses
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There are many possible reasons for poor perforenamihese two courses: inadequate preparatidredtigh
school level; lack of interest in engineering (&fgn’t like what | thought it was going to be"hiaidequate study
habits; inability or unwillingness to put in theng and effort necessary to succeed. This list isdogneans
exhaustive, and every student, whether successfdtphas his or her own set of unique circumstanc
Nevertheless, the fundamental engineering courmasant many students with a set of circumstanbasdre new
to them and that they may be initially unpreparmd f

» Concepts and techniques learned early in the coouse be thoroughly mastered and applied throughout
the course.

e Students must from day one have a firm grasp onepis and techniques learned in prior coursesess th
are applied to the current course.

» Solution of problems, particularly as the coursegpesses, requires multiple steps involving thefusf
concepts and techniques learned both in the cuccentse and in prior courses.

» Mastery of the subject requires a substantial amoftimdividual work outside of class involving
independent problem solving. We often tell studehat no one ever learned to play basketballer th
piano by watching someone else; the same is truenfgineering. Not all students initially believgst

As a result of these factors, students often conteethe first major test in these courses withlsefaense of
confidence, based perhaps on their success ireagliirses, and are ambushed due to a lack of atdedocused
preparation. They perform poorly on the first t@stl are faced with a daunting trifecta of makipdar a poor
grade, relearning the material covered on thetigst and keeping up with the rest of the claghémew material
being covered. Some become discouraged and givéyghan of retesting as described below is tadett these
students. It is intended to provide them with ppartunity to recover from a poor first-test resud to reinforce
the need for independent study outside of class.

The concept of offering retests is not new, butdétails of the implementation and the effectivenesy. Juhler
[3] used optional retesting in an intermediate latgecourse and found that it resulted in improvedgsmance for
90% of students who had earned a grade of C, B,ar the initial test, while the course withdrawatke decreased
from 30% to 22%. Davidson [4] developed a retedicg for an introductory psychology course in paraddress
the problem of students underestimating the dilfycievel of exams and then having no opportunityecover;
approximately 50% improved their grades. In agtoylDeatsman [5], students were offered a retestny test on
which they had scored below 80%; grades were redoad the higher of the two. The author reports thiaile
some students used the retests as intended anfitédnexam scores indicated that many abusedyfters by not
preparing adequately for the first test and instedgng on retesting to raise their grades to aseptable level.
Also, some students appeared to take retests witlignificant additional preparation, apparentlypimg that luck
alone would increase their scores. Cates [6] instit a program of one retest opportunity on eactewéral tests
given during the term. Of 202 retests, 69% reduttdmproved scores by an average of 3.5 percentafts,
resulting in 47 of 100 students raising their ceuggade. However, the author noted significanttyeased
instructor workload and loss of class time as diaathges of the approach.

A retest program is being piloted at Mercer in biotét-term sophomore engineering core courses: PGR
Statics/Solid Mechanics and EGR 244 Electrical Fumentals |. Details and results of this programate are
presented herein for the Statics course.

COURSE STRUCTURE AND RETEST IMPLEMENTATION

EGR 232 Statics/Solid Mechanics is a three-hoursmsmeeting three hours per week over the fifteeakw
semester in traditional lecture format. The cousggpically offered both fall and spring semestavith 3 sections
taught by different instructors in the fall and @®etion in the spring. Each instructor runs hiker section
independently of the others, with no common assigmsor tests. Grades are determined based antbte
exams, a three-hour final exam, and homework aridlet5 minute quizzes at the discretion of therurgtor.
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Instructor participation in the retest pilot studyoluntary. To date, three different Staticgrimstors have
participated during academic years 2009-2010 aaduhrent 2010-2011. Student performance datawidthand
without the retest option have been gathered fahede instructors. Data is presented for eadhethree
instructors (denoted as Instructors A, B, and @) fan the three instructors combined.

Figure 2 shows summary final grade distributionssfach of the three instructors over several sesreeptior to the
pilot study. Grades are grouped into two categopercent of students earning a final grade bkeif\, B+, or B,
signifying students who have successfully compl¢tedcourse; and those earning D, F, or W. Whildents with
a final grade of D have passed the class, thegpaas for success in upper-level classes dependingastery of
the material covered in the Statics class are fiegnitly reduced. Furthermore, students in Mechalriimgineering
are required to achieve a C or better in Statiggaogress in the program. It is the goal of theseprogram to
reduce the number of students in the D/F/W category

Figure 3 shows similar distributions for the gradasned on the first test of the semester. lbtsdhthat the
distributions are similar to the final grade distitions of Figure 2. Perhaps more significant, &asv, is Figure 4,
which depicts the extent to which a student’s gral@est 1 is a predictor of his or her final gratdéhe course.
The chart shows that, of those who earned A, BB (D, F, or W) on Test 1, the percentage who fiatsthe
course with a final grade of A, B+, or B (D, F,W. (In this context, W on Test 1 signifies a stoideho was
registered for the course but did not take the)tedverall, the performance on Test 1 predict<fithed grade in the
class for approximately ¥ of the students. Thigrabably not a coincidence. Those students that Wward from
the beginning, apply a consistent work ethic, aeejkcurrent with the material have little troubliéhwstatics. On
the other hand, many students who get behind frenbeéginning are unwilling or unable to overcormedhrly
deficit. Some who may now realize that they needddk harder to succeed are too discouraged bgdhy failure
to modify their study habits and simply give up.
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Figure 2. Staticsfinal grade distributions prior Figure 3. Statics Test 1 grade distributions
to retest implementation prior to retest implementation
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Figure4. Test 1 asa predictor for final course grade

A retest of the first test is offered to all stutkeim the class in an effort to reach this paricgiroup. This is not
merely a second chance to repeat the patternettiab Ifailure the first time, but rather an oppoityiand
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encouragement to modify their study habits andlzlouat of the early hole. The ground rules forritest are as
follows:

* The retest covers the same material as the oritgsglbut the problems and questions are different

» The score on the retest does not replace the sodtee original; rather the final score is a wegght
average of the two. We have typically used a wighof 60% for the retest and 40% for the original

» A student who sits for the retest must accept htseo score on the retest; opting out after setfingexam
is not allowed.

» To gain admission to the retest, the students mdspendently complete an assignment consistirigof
20 problems spanning the material covered on tte The worked-out solutions to these problems
constitute an “admission ticket” to the retest.e$é problems may or may not be graded and rettoned
the students at the discretion of the individuatrimctor. Admission ticket problems are taken fribw
textbook, similar to the regular assigned homeworkhe course; some have answers in the backisothe
do not. Students are encouraged to discuss abyepne they don’t understand with the instructoopto
the retest.

* The retest is administered 10 days to 2 weeksviatig the original test. This is intended to alldvet
students time to complete the admission ticketsdrote up their weak areas while recognizing they th
need to be simultaneously keeping up with the nbwoak in the class.

The intent of the retest is both to give the stasl@rho performed poorly on the original test a selcchance, and to
demonstrate to them that putting in the requigite tand effort will have positive results. It isged that such
students will “see the light” and carry this newfiduappreciation for the hard work required throtlgh course and
on to success in their upper-level engineering sEsir

RESULTS

Although the retest option is made available tstlbents in the course, the primary targets ofetest effort are
those students who did poorly on the original fiestt, with a goal of reducing the number of figeddes of D/F/W.
The analysis which follows therefore focuses orséhstudents who earned a D/F/W on the first testiake, the
retest option has been offered in three Staticsosesctaught by Instructor A, two by Instructordhd one by
Instructor C. Figure 5 shows, of all students esgid/F/W on the first test, the percentage of sttglerho chose to
take the retest. Participation ranged from 50 — &% structor, with an overall participation of%0 It is perhaps
surprising that these number are as low as theyG@iearly, the retest program will only help stotdewho are
willing to put in additional work to achieve a kmtresult.
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Figure5. Percent of students earning D/F/W on Test 1 choosing to take theretest
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Of those taking the retest, their change in graoe the original to the retest is shown in Figurd ésts were
graded on a 100 point scale. A few students dicse/on the retest than on the original, but the ritgjscored over
10 points higher on the retest, with 47% improvamgtheir original score by over 20 points.
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Figure 6. Changein score between original Test 1 and retest.

Figure 7 shows, of all students who earned D/F/\theroriginal Test 1, the percentage who finisheddourse
with a D/F/W grade, broken into those who tookttest and those who did not. The latter groupuihes both
those who chose not to retest, and those prioald2B09 for which no retest was offered. White tifferences
are perhaps not as dramatic as one would hopégtire suggests that the opportunity to improvefitst test
grade provided a longer-term benefit to a subsihntimber of student participants.
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Figure 7. Of studentsgetting D/F/W on original test 1, percent with final grade of D/F/W with and without
retest.
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CONCLUSIONS

Based on the above results and the experiencég étulty participating in the study, the folloginonclusions
may be drawn:

» Performance on the first test in Statics is ayaeliable predictor of final course grade (Figd)e The first
test covers fundamental material that is crucialnderstanding the remainder of the course. Faiture
grasp this material early on leaves the studeatdistinct disadvantage throughout the course.

« Alarge majority of students taking the retest rfteving done poorly on the first test were ablertprove
their score (Figure 6). It is the expectation thgtrequiring the admission ticket involving a stamntial
amount of work to prepare for the retest, studgais an appreciation for the amount of effort tlsat
required to succeed. It is hoped that this apptieci will pay off not only in Statics, but in sidzgient
engineering courses as well.

« Of all students who did poorly on the first tebipge taking the retest were more likely to imprthesr
final grade in the course than those who did nmue 7).

* The cost of administering the retest in terms sfrinctor time investment is not onerous. The itmest
involves making up, proctoring, and grading oneitamttal test for approximately one-third of thesda
The decision to offer a retest on only the first t@as based primarily on the importance of the
fundamental material covered, but instructor timguired is a factor that cannot be ignored.

» The requirement of the admission ticket is a sigaift component of the program. Students are not
allowed to take the retest without doing a subshamount of additional preparation. It is hopkdtt
students will grasp the correlation between theiréased effort and the improved performance on the
retest. There are still some unresolved issuds nggpect to how individual instructors treat tbenassion
ticket: Should quality of the solutions on the giddal problems be a condition for admission te th
retest? Should solutions to admission ticket potsl be provided to the students ahead of the Petfest
date, different instructors have handled this déifely.

It would be naive to expect that the retest progaardescribed above, implemented in one or twoaophe
engineering courses, will solve the problem of l@tention in engineering. Its intent is to provaenechanism for
rescuing those who find themselves ambushed barttaint of time and effort required to succeedéffirst test
is a wake-up call, the retest provides an oppaifuniwake up before the train leaves the statMile perhaps
not all students are willing to invest the effatjuired, there will be some who, although they tmaye stubbed
their toes early, are willing to do what it takessticceed once that path is made available to theimthese
students who are most likely to benefit from theseprogram.
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