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Abstract

In 2007 WPI implementeanline Calculus Placement TesDuring the 2002008 academic year, a
statistical analysis was performéat this new system. The same system was used again in 2008 and
this projectrepeats theprevious analysiand alsantroduces two significant changes to improve the
original system. One change reduces the number of tests and simplifies the recommendation
algoithm. The second change is a system to tailor themeoendation toeacha i dzR Bitgniled a

major and background



Contents

N 1117 o [F o1 i o A TP PP PP TP P PP PP 1
P = - T (o [ (01U ] o [o [P PPEPP PP PRRTPPPP 3
2.1 Overview Of the 2008 REPOIL......ccciiiiiiiieiiie et e e s a e e e e ennneees 3
2.2 RESEAICH MELNOMS. ....coiiiiiiiiee e e 6

H o I 2YLI NRaz2y 2F GKS 2tL .t.f.L.OSY.SY.04..¢18370
2.4  Special Features of the WPI Placement.Test........ccccce i 17
K F = (0] [=Tox €0 =L 19
4. Analysis of Scores on the Calculus Placement TeSLS:........couciiiiiiieiiieee e 20
5. Merging the THIEE TESIS.....uuiiiiiiiiiiiiei e e e e e e s s e e e e s e s nreeeaeans 30
6. Digital AdVISING AIGOTTNIML........eeiiieiee e 35
6.1 Recursive Algorithm for Determining Recommended Coadd@B®und.............................. 35
6.2 An Analysis of Recommended Course GroUpiNgS..........coeeeeeceieciuvnninneniinrirerreeeeereeeeees 37
6.3 Placement Test Algorithm Explained through Flowshart.....................ooo i 40
7. Improvements to Recommendation SYSIEIML..........uuuiiiieiiiiiiiiiii e 42
7.1 Introduction 10 WEBWOTK ......cooiiiiiiiie ettt e e 42
7.2 Problems With WEBWQIK ...........uiiiiiiiii i 42
7.3 Things no one told you about WeBWQIK ...........ccccuiiiiiiimiieieiirieerceeeceeeeeeeeeeeee e A2
7.4  The REQUITEMERIL.. ...ttt e e e e e e e e e e e e e e e aaeaaaeaeaeeeseeeseaasaaannananes 43
R T 1= @ o] 1 o] o TP PPRPPP T PPPP 44
7.6 TNE SOIULION.....eeiiieiiitee et e e e e e e e sb et e e e e e e annbn e e e e e e e e aaas 44
8. Conlasion and ReCOMMENUALIONS:.........uiiiiiiiiiiiiiie e e e e e e e aa e 47
8.1 Review of ACCOMPLISHMENES . .....cooiiiiii e ee e a7
8.2 Recommendations for the FULULE..............oociiiiiiiiiii e A9
8.2.1 Performance COMPAIISON.......ccoici ittt e e e e e e e e e e e e aaaaaaaaaaaaaeaaeaassassaaanseaand 49
8.2.2  ComPliaNCE COMPAIISOIL. ....ceiiuiieiiieeee ittt e e e e et e e e s st e e e e e s abbr e e e e e e s snnneeed 49
8.2.3  UMPSIAN REUESIGN. ... eeiiiiiiiiiiitee et e e e e e e e e s eee s 49
8.2.4  USING MAJOI DALA..........ueeiiiiie ettt e e e e e e e e e aneees 50
LS TR Y ] 1= o | OSSOSO 51
9.1 Digital Advising Algorithm FIOWChAIS. ..o 51
9.1.1  FloWChart 9.1: INPULS......cciiiiei et e e e e e e e e e e e e e e e e e e e e e e e e e s e e e s aaa e e e e nnnnnes 51
9.1.2 Flowchart 9.2: Backgroundthiad for Course Eliminatian............cccccccvvveeeeeinnn, 52



9.1.3 Flowchart 9.3: PASS OF Fail the TSES. .. ccuiieiiee ettt e e eeans 53

9.1.4 Flowchart 9.4: ReCOMMENUALON.........oiiiiiiiiiee it 54

9.2 Perl CGI Script for Major Recommendations and Web Page Generation...................... 55
9.3 Perl Macro Developed for WeBWQIK..........ouuviiiiiiiiiiiieeeee e 65
9.4 EXCEIIIMIBCIOL. ...ttt ettt ettt et 72
9.4.1 Visual Basic Code after UPALe............c.uviiiiiiiiiiiiiiiie e 12
9.4.1 EXCEl DAA SNEEL......ceiiiiiiiiiiie ettt 85
9.4.2  EXCEl LISE SNEEL ... ...ttt 86
Lo T 1 G O 1 (=T T PO P U PP PTPRPOPUPRPPTRIN 87



1. Introduction

Calculs Readiness Tests have been used at WPI for more than 20 years. Originally, the tests
were given in August during New Student Orientation with the entire freshman class collected in Alden
Hall on the WPI campus, given pencils and scraagiepand 1 houto complete a 25juestion multiple
choice test. The test included only pralculus material and the scores were used only to identify

students who were not quite ready for the regulawéek Calculus 1 class.

About 6 years ago, the same multigthoiee Calculus Readiness Test was made availabie®n
so that students could complete the test early in the summer before New Student Orientation. The
answer key waalsoavailable oHine and students were asked to compute their grade on the test and
emal it to the Mathematical Sciences Department at WPI. (Not surprisingly, student scores went up
dramatically undethis new online system!) The onlinetest made it possible for students to complete

their course schedule early in the summer before coniingampus in August.

In 2007, WPI introduced a new Calculus Placement Test for incoming freshmen. In place of a
single test with only prealculus material, there were now three different tests. The first was the old
Calculus Readiness Test. Tleoad test included material on derivatives and was used to determine if
a student was ready to start in Calculus 2. The third test included material on integration and was used

to determine if students were ready to start in Calculus 3.

There was one ore fundamental change made in 2007: the new tests were not multiple
choice. The new tests were delivered using WeBWorK, a sophisticated homework and testing tool
developed at the University of Rochester. WeBWorK is able to evaluateasiswer problens and,
most importantly, recognizes equivalent formulas for an answérgives the students immediate
feedback (whether their answer is correct or not), has a huge library of problems which are easy to use
and edit and adapt, and provides a good tam communicating with the students as they work on the

test.



The 2008wo WPI students completed an analysis of the first year of the new online calculus
placement tests. That report concluded thahe new testsworked well andgroducedgood
recommendaions® ¢ KAA @ DegiNbyderifingadpBriton af thd2@08 IQP repontesults
throughidenticalstatisticalmethods With that said, there were still some problems with the original
online Calculus Placement Tests. First, the original systasisted of three separate tests and
although the students were asked to complete all three tests, many students completed only one of the
tests. In addition, only the recommendation for the Calculus 1 Placement test was autombezd. T
was no good ay to know when a student had finished either the Calc 2 or the Calc 3 test. As a result,
students could, and often did, receive more than one recommendation regarding their first course at

WPI.

A second problem is the fact that the choice of a fiatulus course often depends on the
a0dzRSy G Qa LINBLR2ASR YI 22N I A40dzRSY(d YIF22NAyYy3a Ay
one class does not have to be calculdsstudent majoring in Management Engineering will take a

different sequence aofmath courses depending on their concentration inside the major.

The result of this IQP is a new version of the Calculus Placement Test in which the original three
ASLI NI GS GSada FNBE O2Y0AYSR Ayl2z2 I+ aky3dtsS GdSado
recommendation. In addition, the software used to generate the Calculus 1 recommendation has been
updated to include both Calculus 2 and Calculus 3 information. Students now receive a single letter
covering all three topics. The projects also depetbsoftware and a new question that uses the
a0dzRSYy (i Qa LINRPLRASR YIFI22N) G2 GFAf2NI KAa 2N KSNJ NBO

mathematics requirements in every major at WPI.

! Leary, S., D. Smaltz, (2008hpalysis bthe WPI O+Line Calculus Placement TeStarcester, MA: WPI.



2. Background

2.1 Overview of the 2008 Report

In 2008 Leary and Smalftperformed an analysis of the effectiveness of the first year of the
online Calculus Placement TesThatreport includes twanainsections. The first part of the report
explains the WeBWorK system. The second part of the téparstatistical analysis of the results,
includinga basic summargf statistics on test completion, recommendations given and
recommendations followed, an analysis of the thresholds used in making the recommendations, and
finally correlations betweengrformance on the placement test and performance in the first calculus
class. The report provided quantitative evidence that the new tests gave reasonable recommendations

to incoming freshmen students at Worcester Polytechnic Institute.

The 2008 report mvided an explanation of the WeBWorK system and a comparison to the old
pencitand-paper Calculus Readiness Test. WeBWorK was designed as a homework delivery system for
mathematics and physics classes. With support from the National Science Fountiationjversity of
Rochester and several partner universities around the country have created an extensive library of
problems for mathematics (including poalculus material like algebra and trigonometry as well as
calculus, differential equations, anidéar algebra), statistics and probability, and physics. The key
advantage of WeBWorK over otherénA yS (G SadAy3 IyR K2YSg2N] aeadsSva
FyagSNBéE AY FRRAGAZ2Y (G2 &AYLI SNJ Ydzt (4ddbléncosdz A OS |
ask the student to compute the derivative 8¢ = 36F + 70 100. A correct answer to the

question would bé®@Fw = 6w+ 7or fi(X)=3*2x+7- 0 or fi(X) =7+6x+sin(2p).

WeBWorK would recognize each of these as a correct answer and give the student credit for being right.

%Leary, S. and D. Smaltz



An analys of student performance in A and B term of 2007 reveals the correlation between
student performancealuringand matchingCalculus Placement Test scores. This analysis breaks down
the Calculus | placement test into four sstores: Algebra, Functions, Geetry, and Trigonometry.
When evaluating the entire freshmaclass, it was found that intArm, there was an 11% NR rate.
During the same term, 33% of students receivedid) while 32% of students receiveds and 24 %
of students received &Z. The results of the B term analysis were very similar. There is a weak but

positive correlation between the placemetsst scores and the performance in A and B term.

The Internal Consistency section analyzes specific individual questions and determaimnyesfif
them are too difficult or too easy. This is important to consider because many questions have randomly
generated coefficients. It important for the testto be consistenly challengindgwith a few exceptions)
such that the differencesinscate I OOdzNJ (1St & NBLINBaASYyldi RAFTFSNByOSa A
difference in randomly assigned coefficients. Internal consistency is an objective way to evaluate the
0Sa0Qa NBftAFOATAGE dziAft AT AYy3 | FglorxOKRES I RILIKIF® | ¢ K 4

between zero and one, which can be used to assess the amount of random error in the test.

The project teamanalyzed the total time students spent on the testédyracted time stamps
from the WeBWorK databaseThe difference in #se two time stamps was considered the total time
that was taken to complete the placemetatst. The studyshowed no significant correlation between
performance on thdaest and the time that it took to completelt did show a classic pattern observed in
many online homework and testing systems. Students cluster into two main groups: one that completes
the test in one sitting and another that returns to the test several times over several dags.
completion times ranged from 5.6 minutes to 35 dayss unlikely that anyone would work for 35 days
straight on the Calculus Placement Tdstis also unreasonable to believe that anyone could complete

the tests in less than six minutes.



The next topic discussete correlation between placement testaeresand performance otthe
common final exam for Calculus The correlation between the Calculus | Placement Test and General
Final Exam was positive babt significant The slope ahe bestfit line was 0.8703 and the coefficient
of determinationof R = 0.0139. Even when the lowest scores wemoved there was still a low
correlation, with slope=0.3411 and R0.0043. Th&008 project also studied theprrelation between
the placement score and the Basic Skksam (This is a component ofi¢ common final exam that
includes fundamental derivatives and is graded without partial creditis slope was 0.4256 and ah R
of 0.0252. Therefore, there was a positive but small correlation between the placement test score and

performance on the fial exam.

There was, however, a higher success rate in Calculus | by students who performed well on the
Calculus Placement Testh is possibl¢hat the Calculus Placement Tests are an accurate estimator of a
da0dzRSy i aQ NBI RAY ScoursestidsNisdimpdrierg R yiembed thet dpdafedza
correlation would not necessarily show that students had been placed in the correct course, just that

the placement test and the final exam were measuring the same performance.

The report also copares Calculus Placement Test recommendations to the courses the student
took. About66% of the students followed the recommendatjavhile 18% took a more challenging
class tharthat recommended and 12% toakclasghat would be less challenging. Thamaining 4%

includesstudents who either did not take a math course or took a+ealtulus mathematics course.

CAylLttesz ftIad & SdutdiidéoresisédimRdefinétieldiffedenti SR G K S
recommendations. The approach was to changectiteff scores and estimatéhe performance and
placement of any students whose renmendation would have changedrhe studyoncludedthat

there is no justification to change thiaresholds



2.2 Research Methods

The WPI library has a vast amount of fre@imation on thousands of topics; most people
unfortunately,do not know that the library is such a powerful resource or they do not know how to use
it. The library system is a bit convoluted, but it gives the user the opportunity to narrow down their
seach tremendously before they are forced to press a search button. The library website does this by
allowing the user to select groups of databases based on subject, and then provides the user with details

about what each database covers.

Once the user setts a database, they are able to search in different ways depending on the
database selected. The power of these search tools varies, but a few features are true for all of them.
Each of the search bars that were used in the WPI databases utilized Bee&gahing. Boolean
aSIFNOKAY3 +tfft26a GKS dzZaSNJ G2 dzasS GKNBS RAFFSNBy
can be entered between keywords descriptors¢ KS a! b5¢ O2YYlFyR gAfft YI 1S @
items that have both the keywords that$h ¢! b5¢ A& f Ayl Ay3d ((23SGKSNWP ¢KS
the searchto have atleasne2 ¥ G KS GSN¥Ya GKFG Aa fAY]1SR (G23S30KSNJ
gAft SEAYAYlIGS &SINOK NBadzZ G6a ¢6AGK GKIG 38@62NRO
I'b5 o6atftl OSYSyidé hw a{GdzRSyd t I OSY S petformhav & { G dzR S
search which will include at least one term from the first group and one term from the second group,

6dzi ATt y20 AyOf dzRS Ilafieé NBAE defiies 6AGK GKS GSNY 6{

One of the most powerful tools used was the descrighased search. This search type allows
the researcher to search through descriptors instead of keywords. Descriptors are much more intuitive
then keywords and yield better results. This éc@use descriptors search through the descriptive words
that relate to each article and finds the one that matches the best instead of simply looking for words in

the text.



In this casethe WPI library resources were used to find mathematics placemearhsat other
undergraduate schoolsAs a clear means to exemplify these resources, the search procedure that

produced many useful placement exams is listed below.

1. Start out by going to the WPI library webshiép://www.wpi.edu/Academics/Library/ At this web

page,the researchewill see the Quick Start search ard&rom herethe different types ofkources can
be selected for more specific search@fie most useful area discovereer were the Alicles; Select

a! £t 51 (wda& B &RIPEGedrde C. Gordon Library, 2009)

U | EIND
advanoed | off campus |
Find Books at WPI (library catalog) | Beyond (WorldCat)
Find Articles: All Databases & E-Resources | A-Z | Gale PowerSearch | LexisNexis Academic
Find Journals, Magazines, Newspapers: at WP (journals list) | Beyond (WorldCat)
Your Account: Log in | Place Interlibrary Loan and Other Requests

Questions? ¢ |nstant Answers@WPI | Help
Figure2.1: Quick Start
2. In this areathe researcherannarrow the search to a givesubject, resource type, or reference.
Each of these toslcan be usefulSearching databases by subjebbwever,seemsto bethe most
intuitive. It is important to note that whathe item or items being searchddr may be found under any

number of subjectsFor example, while searching for articles relatedalculusPlacementTess, the

(7))
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http://www.wpi.edu/Academics/Library/

Databases & Electronic Resources

Off-campus? WPI Community members may connect through our proxy server to gain access.

UK | F|IINID)

advanced | off campus 2

Databases by Title
A|B|C|D|E|F|G|H|I|J|K|L|M|N|O|P|Q|R|S|T|U|V|W|Al|By Course
Databases by Subject

Choose s subject area to find databases that contsin references and sbstracts to scholarly articles, conference papers, handbooks,

Education & Teaching v
—-Select a Subject-- ~
Biology & Biotechnology =
Biomedical Engineering

Business & Management

Chemistry & Chemical Engineering

Civil & Environmental Engineering

Company

Computer Science

Economics

Electrical Engineering

Energy

Environment

Fire Protection Engineering [Fles availsble online or leads you to the print version st the
General & Multidisciplinary pry resources from off campus.

Government & Law

History

Humanities & Arts

Industry

Interactive Media & Game Development N

rnal, newspaper, or magazine.

Figure2.2: Databases by Subject

3. After selecting a subjedte researchewill be presented with databases relating to that subject.
These databases have a variety of search tofs a resultlifferent styles of search are required to
glean relevant sources from them. The database selected was Education Resources Informaéipn Cent

2 NARHD ¢Education Resources Information Center)



Databases by Subject - Education & Teaching

Se= slso General & Multidisciplinary.

==JUH | AELIIND)

advanced  off campus &

For databases searched. see ¥ below

In Quick

Database Title Find

| i *Academic OneFile v Search full-text articles on physical science, technology. medic

Acsdemic CneFile

| Research > Includes full text for 2,300+ business journals, indexes 3,300+ 1
m Databoses Journals Included | Other Souroes | Tutorial
EBSCOhost Business Souece Premiar

Covers more than 450+ full-text academic journals, hundreds of
child development and psychology, and best practices in educz

2% “Edticator's Reference Complete

Educator's Re®rence Complate
Figure2. 3: Education and Teaching
4. At theERIQvebsite,the researcher iable to search the entire databas&RI®ad one of the most

powerful searching tools of all #databases; thisvas the thesaurus tod that allows the user to

search for key terms associated with the articles availalite. researcher cameach thistool by

A

aStSOGAY3 (KS G¢KS&AlIdzNHzaé¢ odzidz2zy G2 GKS NRIAKID

@ -
E R!' Education Resources Information Center

Home | Search ERIC | Our Collection | Thesaurus | AboutUs | My ERIC

“Search ERIC Collection

Search Term(s):

] » Advanced Search

» Thesaurus

Search in: Keywords (all fields vl @
AT et et A T Help
| Title
Author
Descriptors (from Thesaurus)
|ERIC #

RELUTUS aUuTU 11T LIS 1ast TTTOTI T, JJOG

Figure2.4: ERIC Collection

27T



5. Once at the thesaurus start paglee researcheisable to either search for potential key terms by

searching directly, browsing alphabetically, or searching by category. To begin the keyword search, the

OF i S3IpNESKAGAOaAE o1 a aStSOGSR (2 ONRgaBmatcKS RATFTS

Search & Browse the Thesaurus €. Helo with This Page
| Search the Thesaurus
Search For: l | o Search Tips

: = E + Use quotation marks around a phrase to find an exact match.

& Search | [ Clear ;

- o B » Enter a complete word to retrieve a list of Descriptors
containing the term.

Browse the Thesaurus Alphabeticall

Browse the Thesaurus by Category

Agriculture and Natural Resources Information/Communications Systems
Arts Labor and Employment

Bias and Equity Language and Speech

Business, Commerce, and Industry Languages

Communications Media Learning and Perception

Counseling Mathematics

Curriculum Organization Measurement

Disabilities Mental Health

Economics and Finance Occupations

Educational Levels, Dearees, and Organizations People and Cultures

Educational Process: Classroom Perspectives Physical Education and Recreation
Educational Process: School Perspectives Publication/Document Types
Educational Process: Societal Perspectives Reading

Equipment Research and Theory

Eacilities Science and Technology

Government and Politics Social Problems

Health and Safety Social Processes and Structures
Human Geoaraphy Students, Teachers, School Personnel
Humanities Subjects of Instruction

Individual Development and Characteristics Tests and Scales

Individual in Social Context, The

Figure2.5: Thesaurus

6. After selecting a category, you will be presented with all of the descriptors that relate to it. From here
the reseachercan select which descriptdre or shewould like to search by clicking it. For this search,

G/ I f Odzf dzaé ¢+ a aStSOGSRO

7. After selednhgthe descriptorthe researcher will be presented withe descriptor details. From here,
the researchecan see thather descriptors that relate to theriginally selectedlescriptor. Some
descriptors will produce only a few otheiflsut many descriptorsvill produce a greatnanymore

descriptors that relate Often, the researchewill even find more appropriate degptors for searcing



on this page. After checkirigr moreusefuldescriptors2 y 1 KA & LJIERI§ 5 | INJOKIE NIG | 1Ay

selecteddza A y3 a&./ | £ Odz dza é

Calculus
“Descriptor Details

|Gy Startan ERIC Search | using Calculus as a search criterion

Record Type: Main
Scope Note: n/a
Category: Mathematics

Broader Terms: Mathematics;

Narrower Terms: n/a

Related Terms: Trigonometry;

Used For Differential Equations (2004); Precalculus;
Use Term n/a

Add Date: 07/01/1966

Postings: 1506

Figure2.6: ERIC Search Descriptors

8. After selecting Calculus, the advanced sbaragds presented.This page makes it possiliteenter
as many search parameters@seded It became cleathat only searching for Calculus did not provide

very many relevant sourceslhe search was adjusted.

Advanced Search

Use My Clipboard

Advanced Search |[BEl=EleliR IR gl

Search for: | Descriptors (from Thesaurus) ¥ | ["Calculus” ‘\
Use Thesaurus to help find Descriptors...

[AND (¥ | [Keywords (all fields) ¥ | |
[AND (¥ | [Keywords (all fields) ¥l | |
|AND (¥ | [Keywords (all fields) Salll |
[AND (¥ | [Keywords (all fields) ¥ | |

Add Another Row

& Search | (G Clear |
Figure2.7: Advanced Search
9. In this searchtwo search bars were used with descriptors. In the first search"Galculus” OR
"College MathematicsWas used, and in the second search B&tudent Placement” OR "Aptitude

Tests" OR "Placement” OR "Screening Tegs'used. Thimformedthe search engine that at least one

11



descriptor from the first field and at least one descriptor from the second were needed. After the

AYF2NXYIEGA2Y 61 &4 SYGSNBRI GKS 4{SINOKE¢ odzitz2zy 41 &

Advanced Search

Use My Clipboard

_ Advanced Search /[EEEElChBGERIE IS

Search for: @Qﬁescriptors (from Thesaurus) ¥ | ["Calculus” OR "College Mathe[[@‘}
Use Thesaurus to help find Descriptors...

[AND v ?Descriptq[rsm([rpm Thesaurus) V |"Student Placement” OR "Aptitué
Use Thesaurus to help find Descriptors...

|AND (| [Keywords (all fields) i [ ]

[
Add Ancther Row

[ Search &l Clear

Figure2.8: Advanced Search with Descriptors
10. After pressing the search buttahge researchewill see the search results paden the results page
will be different articles that best fithe search parameters. h& search parameters usedll be
highlighted in gllow. Eachresult is an article andn abstract that briefly describes what the article is
about. When finthgan article of interestthe researchewill be able to download it directly frolRIC
or have to request it from the WPI interlibrary loan systeSince the first article in this search was

YySSRSRY (GKS AYGSNIAONINE f2ly &84iG8Y 614 daASRO

12
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Figure2.9: Search Results

MM® CNRBY (KA& LI IS a3 &teditthe@ppsopristaifraty@dddum®E [ 21y wSij

information, and press request.

Figure2.10: Full Text Finder
(Education Resources Information Center) (WPI George C. Gordon Library, 2009)
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