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Abstract 

In 2007, WPI implemented online Calculus Placement Tests.  During the 2007-2008 academic year, a 

statistical analysis was performed for this new system.  The same system was used again in 2008 and 

this project repeats the previous analysis and also introduces two significant changes to improve the 

original system.   One change reduces the number of tests and simplifies the recommendation 

algorithm.  The second change is a system to tailor the recommendation to each ǎǘǳŘŜƴǘΩǎ intended 

major and background. 
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1.     Introduction  

Calculus 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 scratch paper and 1 hour to complete a 25-question multiple-

choice test.  The test included only pre-calculus material and the scores were used only to identify 

students who were not quite ready for the regular 7-week Calculus 1 class.   

About 6 years ago, the same multiple-choice Calculus Readiness Test was made available on-line 

so that students could complete the test early in the summer before New Student Orientation.  The 

answer key was also available on-line and students were asked to compute their grade on the test and 

email it to the Mathematical Sciences Department at WPI.  (Not surprisingly, student scores went up 

dramatically under this new on-line system!)   The online test made it possible for students to complete 

their course schedule early in the summer before coming to campus in August.  

In 2007, WPI introduced a new Calculus Placement Test for incoming freshmen.   In place of a 

single test with only pre-calculus material, there were now three different tests.  The first was the old 

Calculus Readiness Test.    The second 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 more 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 evaluate short-answer problems and, 

most importantly, recognizes equivalent formulas for an answer.    It gives 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 tool for communicating with the students as they work on the 

test.  
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The 2008 two WPI students completed an analysis of the first year of the new online calculus 

placement tests.1   That report concluded that the new tests worked well and produced good 

recommendationsΦ  ¢Ƙƛǎ ȅŜŀǊΩǎ ǎǘǳŘȅ ǿƛƭƭ begin by verifying a portion of the 2008 IQP report results 

through identical statistical methods.  With that said, there were still some problems with the original 

online Calculus Placement Tests.  First, the original system consisted 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 automated.  There 

was no good way 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 first calculus course often depends on the 

ǎǘǳŘŜƴǘΩǎ ǇǊƻǇƻǎŜŘ ƳŀƧƻǊΦ   ! ǎǘǳŘŜƴǘ ƳŀƧƻǊƛƴƎ ƛƴ LaD5 Ƴŀȅ ƴŜŜŘ ƻƴƭȅ ƻƴŜ ƳŀǘƘŜƳŀǘƛŎǎ Ŏƭŀǎǎ ŀƴŘ ǘƘŀǘ 

one class does not have to be calculus.  A student majoring in Management Engineering will take a 

different sequence of math 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 

ǎŜǇŀǊŀǘŜ ǘŜǎǘǎ ŀǊŜ ŎƻƳōƛƴŜŘ ƛƴǘƻ ŀ ǎƛƴƎƭŜ ǘŜǎǘΦ  ¢ƘŜǊŜ ƛǎ ƴƻǿ ƻƴŜ άǘǊƛƎƎŜǊέ ǳǎŜŘ ǘƻ ǎŜƴŘ ǘƘe 

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 developed software and a new question that uses the 

ǎǘǳŘŜƴǘΩǎ ǇǊƻǇƻǎŜŘ ƳŀƧƻǊ ǘƻ ǘŀƛƭƻǊ Ƙƛǎ ƻǊ ƘŜǊ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴΦ  ¢Ƙƛǎ ǎǘŜǇ ǊŜǉǳƛǊŜǎ ŀ ŘŜǘŀƛƭŜŘ ǎǘǳŘȅ ƻŦ ǘƘŜ 

mathematics requirements in every major at WPI. 

                                                           
1 Leary, S., D. Smaltz, (2008). Analysis of the WPI On-Line Calculus Placement Tests. Worcester, MA: WPI. 
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2.     Background  

2.1     Overview of the 2008 Report  

In 2008, Leary and Smaltz2 performed an analysis of the effectiveness of the first year of the 

online Calculus Placement Tests.  That report includes two main sections.  The first part of the report 

explains the WeBWorK system.  The second part of the report is a statistical analysis of the results, 

including a basic summary of statistics on test completion, recommendations given and 

recommendations followed, an analysis of the thresholds used in making the recommendations, and 

finally correlations between performance 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 provided an explanation of the WeBWorK system and a comparison to the old 

pencil-and-paper Calculus Readiness Test.   WeBWorK was designed as a homework delivery system for 

mathematics and physics classes.   With support from the National Science Foundation, the University of 

Rochester and several partner universities around the country have created an extensive library of 

problems for mathematics (including pre-calculus material like algebra and trigonometry as well as 

calculus, differential equations, and linear algebra), statistics and probability, and physics.  The key 

advantage of WeBWorK over other on-ƭƛƴŜ ǘŜǎǘƛƴƎ ŀƴŘ ƘƻƳŜǿƻǊƪ ǎȅǎǘŜƳǎ ƛǎ ǘƘŀǘ ƛǘ Ŏŀƴ ŜǾŀƭǳŀǘŜ άǎƘƻǊǘ 

ŀƴǎǿŜǊǎέ ƛƴ ŀŘŘƛǘƛƻƴ ǘƻ ǎƛƳǇƭŜǊ ƳǳƭǘƛǇƭŜ ŎƘƻƛŎŜ ǉǳŜǎǘƛƻƴǎΦ  CƻǊ ŜȄŀƳǇƭŜΣ ŀ ǘȅǇƛŎŀƭ ŎŀƭŎǳƭǳs problem could 

ask the student to compute the derivative of  Ὢὼ = 3ὼ2 + 7ὼ 100.  A correct answer to the 

question would be Ὢᴂὼ = 6ὼ+ 7 or  072*3)( -+=¡ xxf   or )2sin(67)( p++=¡ xxf .   

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

                                                           
2
 Leary, S. and D. Smaltz 
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 An analysis of student performance in A and B term of 2007 reveals the correlation between 

student performance during and matching Calculus Placement Test scores.  This analysis breaks down 

the Calculus I placement test into four sub-scores: Algebra, Functions, Geometry, and Trigonometry.  

When evaluating the entire freshman class, it was found that in A term, there was an 11% NR rate.  

During the same term, 33% of students received an άAέ, while 32% of students received a άBέ and 24 % 

of students received a άCέ.  The results of the B term analysis were very similar.  There is a weak but 

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

 The Internal Consistency section analyzes specific individual questions and determines if any of 

them are too difficult or too easy.  This is important to consider because many questions have randomly-

generated coefficients.  It is important for the test to be consistently challenging (with a few exceptions), 

such that the differences in scoreǎ ŀŎŎǳǊŀǘŜƭȅ ǊŜǇǊŜǎŜƴǘ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ŀōƛƭƛǘƛŜǎΣ ƴƻǘ ǘƘŜ 

difference in randomly assigned coefficients.  Internal consistency is an objective way to evaluate the 

ǘŜǎǘΩǎ ǊŜƭƛŀōƛƭƛǘȅ ǳǘƛƭƛȊƛƴƎ ŀǾŀƛƭŀōƭŜ ŘŀǘŀΦ  ¢ƘŜ ƛƴǘŜǊƴŀƭ ŎƻƴǎƛǎǘŜƴŎȅ ȅƛŜƭŘǎ /ǊƻƴōŀŎƘΩǎ ŀƭǇƘŀΣ ŀ ƴǳƳōŜǊ 

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

 The project team analyzed the total time students spent on the test by extracted time stamps 

from the WeBWorK database.  The difference in these two time stamps was considered the total time 

that was taken to complete the placement test.  The study showed no significant correlation between 

performance on the test and the time that it took to complete.  It 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 days.  Test 

completion times ranged from 5.6 minutes to 35 days.  It is unlikely that anyone would work for 35 days 

straight on the Calculus Placement Test.  It is also unreasonable to believe that anyone could complete 

the tests in less than six minutes.   



5 
 

 The next topic discussed the correlation between placement test scores and performance on the 

common final exam for Calculus 1.   The correlation between the Calculus I Placement Test and General 

Final Exam was positive but not significant.  The slope of the best-fit line was 0.8703 and the coefficient 

of determination of R2 = 0.0139.  Even when the lowest scores were removed, there was still a low 

correlation, with slope=0.3411 and R2 = 0.0043.  The 2008 project also studied the correlation between 

the placement score and the Basic Skills Exam. (This is a component of the common final exam that 

includes fundamental derivatives and is graded without partial credit.)  This slope was 0.4256 and an R2 

of 0.0252.  Therefore, there was a positive but small correlation between the placement test score and 

performance on the final exam.    

There was, however, a higher success rate in Calculus I by students who performed well on the 

Calculus Placement Tests.  It is possible that the Calculus Placement Tests are an accurate estimator of a 

ǎǘǳŘŜƴǘǎΩ ǊŜŀŘƛƴŜǎǎ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ŎŀƭŎǳƭǳǎ courses.  It is also important to remember that a perfect 

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 compares Calculus Placement Test recommendations to the courses the student 

took.  About 66% of the students followed the recommendation, while 18% took a more challenging 

class than that recommended and 12% took a class that would be less challenging.  The remaining 4% 

includes students who either did not take a math course or took a non-calculus mathematics course.   

 CƛƴŀƭƭȅΣ ƭŀǎǘ ȅŜŀǊΩǎ ǎǘǳŘȅ ŜǾŀƭǳŀǘŜŘ ǘƘŜ cutoff scores used to define the different 

recommendations.   The approach was to change the cutoff scores and estimate the performance and 

placement of any students whose recommendation would have changed.  The study concluded that 

there is no justification to change the thresholds. 
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2.2     Research Methods 

The WPI library has a vast amount of free information 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 

search 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 selects 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 Boolean searching. Boolean 

ǎŜŀǊŎƘƛƴƎ ŀƭƭƻǿǎ ǘƘŜ ǳǎŜǊ ǘƻ ǳǎŜ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ŎƻƳƳŀƴŘǎΥ ά!b5έΣ άhwέΣ ŀƴŘ άbh¢έΦ ¢ƘŜǎŜ ŎƻƳƳŀƴŘǎ 

can be entered between keywords or descriptors. ¢ƘŜ ά!b5έ ŎƻƳƳŀƴŘ ǿƛƭƭ ƳŀƪŜ ǘƘŜ ǎŜŀǊŎƘ ŦƛƴŘ ƻƴƭȅ 

items that have both the keywords that thŜ ά!b5έ ƛǎ ƭƛƴƪƛƴƎ ǘƻƎŜǘƘŜǊΦ ¢ƘŜ άhwέ ŎƻƳƳŀƴŘ ǿƛƭƭ ǊŜǉǳƛǊŜ 

the search to have at least one ƻŦ ǘƘŜ ǘŜǊƳǎ ǘƘŀǘ ƛǎ ƭƛƴƪŜŘ ǘƻƎŜǘƘŜǊ ōȅ ǘƘŜ άhwέΦ ¢ƘŜ άbh¢έ ŎƻƳƳŀƴŘ 

ǿƛƭƭ ŜƭƛƳƛƴŀǘŜ ǎŜŀǊŎƘ ǊŜǎǳƭǘǎ ǿƛǘƘ ǘƘŀǘ ƪŜȅǿƻǊŘΦ CƻǊ ŜȄŀƳǇƭŜΣ όόά/ŀƭŎǳƭǳǎέ hw ά/ƻƭƭŜƎŜ aŀǘƘŜƳŀǘƛŎǎέύ 

!b5 όάtƭŀŎŜƳŜƴǘέ hw ά{ǘǳŘŜƴǘ tƭŀŎŜƳŜƴǘέ hw ά{ǘǳŘŜƴǘ !ǇǘƛǘǳŘŜέύ bh¢ όά{!¢ ǘŜǎǘέύύ  will perform a 

search which will include at least one term from the first group and one term from the second group, 

ōǳǘ ǿƛƭƭ ƴƻǘ ƛƴŎƭǳŘŜ ŀƴȅ ǊŜǎǳƭǘǎ ǿƛǘƘ ǘƘŜ ǘŜǊƳ ά{!¢ ǘŜǎǘέ ƛƴ ƛǘΦ  

One of the most powerful tools used was the descriptor-based 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 is because 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.  
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In this case, the WPI library resources were used to find mathematics placement exams at other 

undergraduate schools.  As 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 website: http://www.wpi.edu/Academics/Library/ . At this web 

page, the researcher will see the Quick Start search area.  From here, the different types of sources can 

be selected for more specific searches. The most useful area discovered here were the Articles; Select 

ά!ƭƭ 5ŀǘŀōŀǎŜǎ ϧ 9-wŜǎƻǳǊŎŜǎέΦ  (WPI George C. Gordon Library, 2009) 

 

Figure 2.1: Quick Start 

2. In this area, the researcher can narrow the search to a given subject, resource type, or reference. 

Each of these tools can be useful.  Searching databases by subject, however, seems to be the most 

intuitive. It is important to note that what the item or items being searched for may be found under any 

number of subjects.  For example, while searching for articles related to Calculus Placement Tests, the 

ōŜǎǘ ŘƻŎǳƳŜƴǘǎ ǿŜǊŜ ƴƻǘ ƭƻŎŀǘŜŘ ǳƴŘŜǊ ǘƘŜ άaŀǘƘŜƳŀǘƛŎǎέ ǎǳōƧŜŎǘΣ ōǳǘ ǿŜǊŜ ƛƴǎǘŜŀŘ ǳƴŘŜǊ ά9ŘǳŎŀǘƛƻƴ 

ŀƴŘ ¢ŜŀŎƘƛƴƎέΦ 

http://www.wpi.edu/Academics/Library/
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Figure 2.2: Databases by Subject 

3. After selecting a subject, the researcher will be presented with databases relating to that subject. 

These databases have a variety of search tools.  As a result, different styles of search are required to 

glean relevant sources from them. The database selected was Education Resources Information Center 

ƻǊ άERICΦέ (Education Resources Information Center) 
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Figure2. 3: Education and Teaching 

4. At the ERIC website, the researcher is able to search the entire database.  ERIC had one of the most 

powerful searching tools of all the databases; this was the thesaurus, a tool that allows the user to 

search for key terms associated with the articles available. The researcher can reach this tool by 

ǎŜƭŜŎǘƛƴƎ ǘƘŜ ά¢ƘŜǎŀǳǊǳǎέ ōǳǘǘƻƴ ǘƻ ǘƘŜ ǊƛƎƘǘ ƻŦ ǘƘŜ {ŜŀǊŎƘƛƴƎ ŦƛŜƭŘǎΦ 

 

Figure 2.4: ERIC Collection 
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5. Once at the thesaurus start page, the researcher is able to either search for potential key terms by 

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

ŎŀǘŜƎƻǊȅ άaŀǘƘŜƳŀǘƛŎǎέ ǿŀǎ ǎŜƭŜŎǘŜŘ ǘƻ ōǊƻǿǎŜ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ƪŜȅǿƻǊŘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳŀǘƘematics. 

 

Figure 2.5: Thesaurus 

6. After selecting a category, you will be presented with all of the descriptors that relate to it. From here 

the researcher can select which descriptor he or she would like to search by clicking it. For this search, 

ά/ŀƭŎǳƭǳǎέ ǿŀǎ ǎŜƭŜŎǘŜŘΦ 

7. After selecting the descriptor, the researcher will be presented with the descriptor details. From here, 

the researcher can see the other descriptors that relate to the originally selected descriptor.  Some 

descriptors will produce only a few others, but many descriptors will produce a great many more 

descriptors that relate.  Often, the researcher will even find more appropriate descriptors for searching 
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on this page. After checking for more useful descriptors ƻƴ ǘƘƛǎ ǇŀƎŜΣ ά{ǘŀǊǘ ŀƴ ERIC {ŜŀǊŎƘέ ǿŀǎ 

selected ǳǎƛƴƎ ά/ŀƭŎǳƭǳǎέ. 

 

Figure 2.6: ERIC Search Descriptors 

8. After selecting Calculus, the advanced search page is presented.  This page makes it possible to enter 

as many search parameters as needed. It became clear that only searching for Calculus did not provide 

very many relevant sources.  The search was adjusted. 

 

Figure 2.7: Advanced Search 

9. In this search, two search bars were used with descriptors. In the first search bar, "Calculus" OR 

"College Mathematics" was used, and in the second search bar, "Student Placement" OR "Aptitude 

Tests" OR "Placement" OR "Screening Tests" was used. This informed the search engine that at least one 
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descriptor from the first field and at least one descriptor from the second were needed. After the 

ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ŜƴǘŜǊŜŘΣ ǘƘŜ ά{ŜŀǊŎƘέ ōǳǘǘƻƴ ǿŀǎ ǎŜƭŜŎǘŜŘΦ 

 

Figure 2.8: Advanced Search with Descriptors 

10. After pressing the search button, the researcher will see the search results page. On the results page 

will be different articles that best fit the search parameters.  The search parameters used will be 

highlighted in yellow. Each result is an article and an abstract that briefly describes what the article is 

about. When finding an article of interest, the researcher will be able to download it directly from ERIC 

or have to request it from the WPI interlibrary loan system. Since the first article in this search was 

ƴŜŜŘŜŘΣ ǘƘŜ ƛƴǘŜǊƭƛōǊŀǊȅ ƭƻŀƴ ǎȅǎǘŜƳ ǿŀǎ ǳǎŜŘΦ ¢ƻ Řƻ ǘƘƛǎΣ άCƛƴŘ ƛƴ ŀ [ƛōǊŀǊȅέ ǿŀǎ ǎŜƭŜŎǘŜŘΦ 
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Figure 2.9: Search Results 

ммΦ CǊƻƳ ǘƘƛǎ ǇŀƎŜΣ ǎŜƭŜŎǘ άLƴǘŜǊƭƛōǊŀǊȅ [ƻŀƴ wŜǉǳŜǎǘέΣ enter in the appropriate library account 

information, and press request.  

 

Figure 2.10: Full Text Finder 

 (Education Resources Information Center) (WPI George C. Gordon Library, 2009) 


