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            Using Maple and the Web to Grade Mathematics Tests Saliha Klai Theodore Kolokolnikov Norbert Van den Bergh Vrije Universiteit Brussel Ghent University Ghent University [email protected] [email protected] [email protected] Abstract We present AIM (http://calculus.rug.ac.be:8080), a web-based system designed to administer graded tests with mathematical content. Its main features are: use of Maple as the engine and implemen- tation language; several methods of giving partial credit; various feedback mechanisms; randomisation of quizzes and questions; versatility in question and quiz design; extensive grade reporting and monitor- ing capabilities; ability to collect surveys; web inter- face for both teacher and student. AIM can be used to administer graded tests, homeworks or ungraded self-assessment exercises. A case study using vector calculus was conducted and more courses are being planned for September 2000, including linear algebra, ODEs and precalculus. Preparation is also under way to use AIM to mark a part of the ﬁnal exam for linear algebra in Febuary 2001. 1 Introduction AIM [1] (Alice Interactive Mathematics) is a web server for automatically administering graded tests and homeworks with mathematical content. The two distinguishing features of AIM are its use of Maple for performing computations and visualization of math- ematical formulas; and its facilities for giving partial credit. The use of Maple is ideally suited for questions that require symbolic answers and whose veriﬁca- tion involves mathematical operations. A typical such question is to compute R cos 3x sin 2xdx. Both 2/5 cos 2x cos 3x+3/5 sin 2x sin 3x and -1/10 cos 5x+ 1/2 cos x (as well as inﬁnitely many other choices) are correct answers for this question. Grading this ques- tion requires diﬀerentiation and using trig identities - tasks that are easily done using Maple but are almost impossible to do using standard authoring software. Maple is also used to easily display math formulas including integrals, greek letters and matrices. AIM has several diﬀerent mechanisms for giving partial credits. One of them is automatic, applicable to any question, and requires no special eﬀort on the teacher’s behalf. The other two are more ﬂexible, more question-speciﬁc and require more eﬀort. All administration of the server is done through a web interface. Using this interface, a teacher can edit questions, generate statistics and grade reports and monitor student’s progress. AIM has been used to give review tests for about 70 students taking vector calculus. While still prelim- inary, the results so far have been encouraging with about 75% of those students who completed a sur- vey reporting that they feel more prepared for the ﬁnal exam after taking the tests, while 50% prefer Figure 1: (a) question deﬁnition, typed by teacher. (b) question output, viewed by students. 
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Using Maple and the Web to Grade Mathematics Tests
 Saliha Klai Theodore Kolokolnikov Norbert Van den BerghVrije Universiteit Brussel Ghent University Ghent [email protected] [email protected] [email protected]
 Abstract
 We present AIM (http://calculus.rug.ac.be:8080),a web-based system designed to administer gradedtests with mathematical content. Its main featuresare: use of Maple as the engine and implemen-tation language; several methods of giving partialcredit; various feedback mechanisms; randomisationof quizzes and questions; versatility in question andquiz design; extensive grade reporting and monitor-ing capabilities; ability to collect surveys; web inter-face for both teacher and student. AIM can be usedto administer graded tests, homeworks or ungradedself-assessment exercises. A case study using vectorcalculus was conducted and more courses are beingplanned for September 2000, including linear algebra,ODEs and precalculus. Preparation is also under wayto use AIM to mark a part of the flnal exam for linearalgebra in Febuary 2001.
 1 Introduction
 AIM [1] (Alice Interactive Mathematics) is a webserver for automatically administering graded testsand homeworks with mathematical content. The twodistinguishing features of AIM are its use of Maple forperforming computations and visualization of math-ematical formulas; and its facilities for giving partialcredit.
 The use of Maple is ideally suited for questionsthat require symbolic answers and whose verifica-tion involves mathematical operations. A typicalsuch question is to compute
 ∫
 cos 3x sin 2xdx. Both2/5 cos 2x cos 3x+3/5 sin 2x sin 3x and−1/10 cos 5x+1/2 cosx (as well as infinitely many other choices) arecorrect answers for this question. Grading this ques-tion requires differentiation and using trig identities -tasks that are easily done using Maple but are almostimpossible to do using standard authoring software.Maple is also used to easily display math formulasincluding integrals, greek letters and matrices.
 AIM has several different mechanisms for givingpartial credits. One of them is automatic, applicableto any question, and requires no special effort on theteacher’s behalf. The other two are more flexible,more question-specific and require more effort.
 All administration of the server is done througha web interface. Using this interface, a teacher canedit questions, generate statistics and grade reportsand monitor student’s progress.
 AIM has been used to give review tests for about70 students taking vector calculus. While still prelim-inary, the results so far have been encouraging withabout 75% of those students who completed a sur-vey reporting that they feel more prepared for thefinal exam after taking the tests, while 50% prefer
 Figure 1: (a) question definition, typed by teacher. (b) question output, viewed by students.
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computer tests over the graded pen-and-paper home-work.
 1.1 Demonstration
 AIM tests consist of a series of questions. The teacheruses a web interface to type in a question definition,which is a text file that uses a simple flag-based syn-tax to describe question statement, grade student’sanswers, generate model solution etc. The full de-scription of the syntax is available on the web (seehttp://calculus.rug.ac.be:8080/docs). Figure 1 showsa sample question definition. Question definitionsare compiled and added to a question database fromwhich the actual tests are built.
 After entering his answer, the student pressesa button to record and display it in a nicely for-matted format. If the student enters a wrong an-swer, he is penalised and is asked to redo thequestion. Once the student gets the correct an-swer, a model solution is displayed. For example:
 Note that the student’s answer is not syntacticallyequivalent to teacher’s answer though both are cor-rect; hence the student receives full marks minus the10% penalty for one wrong trial.
 2 Grading and partial marks
 An important feature of AIM is its ability to give notonly grades, but also partial credits. Several methodsfor doing this are implemented, as described below.
 2.1 Penalty for wrong answers
 In the demo example, we have seen how part markscan be automatically given by penalizing the studentfor wrong answers. This method has several advan-tages:
 • It forces the students to be careful (note how-ever that any syntax errors or obvious type mis-matches will be reported without any penalty).
 • It encourages the students to verify their an-swers - which should be a standard practicewhen doing a homework.
 • Students know immediately if they made a mis-take and have a chance to correct it. They don’thave to wait for days, as with traditional paperhomeworks.
 • No effort from the teacher is required - thismethod is automatic.
 To our knowledge, at the time of this writing, noother web-based assessment system (see [2-5]) has im-plemented this way of grading.
 There are two other possibilities for giving par-tial marks - custom grading procedures and multipleresponse questions. We will first discuss the former;the latter will be discussed in Section 3.
 2.2 Custom grading procedures
 A custom grading procedure is a Maple procedurewritten by the teacher. It accepts the student’s an-swer as an argument and returns either true (meaningcorrect answer) or false (meaning incorrect answer) orelse a number between 0 and 1 which represents thestudent’s grade on that question.
 More sophisticated grading procedures actu-ally warn the student and give hints depend-ing on the form of the answer. For example:
 Some questions with hints have already been im-plemented in [2] (see for instance questions on chang-ing the order of integration).
 3 Question type system
 To facilitate question creation, AIM supports fivepre-defined question types (algebraic, matrix, mul-tiple choice, multiple response and constant) as wellas any Maple type.
 By default, a question has type “algebraic” andthe grading procedure consists of checking the math-ematical equivalence between the student’s answer
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and a model answer. This is done by substractingthe teacher’s answer from the student’s answer andapplying Maple’s extensive machinery to test if theresult is zero. If it is, the student receives full marks;otherwise the student gets zero. The grading proce-dure for the type “matrix” is the same, where thematrices are compared entry-wise.
 For multiple choice questions, the standard grad-ing procedure is the natural one - the student receiveseither full marks or zero, depending on whether hisselection corresponds to the teacher’s selection. Aswith the other types, the teacher can also design acustom grading procedure which can assign part (ornegative) marks to some of the choices.
 In a multiple response question, the students mustclick on all of the correct answers from a given list ofcorrect and incorrect answers. The default gradingprocedure may give partial marks. The algorithmused is:
 grade out of 1 =Rs −Ws
 R
 where R is the number of right choices and Rs(Ws) is the number of right (wrong) choices that thestudent selected, with any negative grade roundedto zero. For example for the following question
 the right choices are are orthonormal and non-singular. If the student chooses anti-symmetric, or-thonormal and non-singular, he will receive 50%.
 4 Facilities for the teacher
 AIM provides extensive facilities for administeringquestions and quizzes. All of these facilities areavailable through a web interface and are password-protected.
 To discourage cheating among students, AIMmaintains a large database of questions from whichquestions can be chosen at random using customis-able selection criteria, based on topic and difficultylevel. In addition, most questions also have somerandomly generated components. As a result, each
 student receives a unique, personalised set of ques-tions.
 AIM provides four different tools to monitor thestudent’s progress: grade reports, aggregate statis-tics, log files and the ability to “spy” and change stu-dent’s answers. In addition, the students may com-municate with the teacher by email, through a linkconveniently placed on every quiz.
 The log and grade reports are updated every-time the student changes or modifies an answer. Theteacher has a complete control over how the gradesfor each quiz are assigned, as well as how the overallgrade is computed.
 The “spy” feature allows the teacher to use herown password to view and/or modify the answersand penalties of any student. In addition, the teachercan view the model answers for each student (whichare different from student to student because of ran-domisation). This makes it easy to respond to thestudent’s emails and is also useful to detect any bugsin the questions.
 The teacher can also generate agregate statisticsfor the whole class, showing how many students an-swered what for each question of the of a given quiz.Electronic surveys can easily be collected using thisfeature.
 One of the goals when designing AIM was to beable to use it for administering graded homeworks.To this end the teacher can set up a due date. Upto the due date, the students can enter their answersand correct them, but they will not be able to get thecorrect solutions from the computer. After this datethey cannot modify their answers but the model so-lution to the homework is made available. Of courseAIM can also be used for self-assessement, simply byremoving the due date.
 5 Case study: Vector Calculus
 AIM has been deployed with a class of 318 studentstaking second semester calculus at Ghent University.The students were given two tests and two weeks todo them on their time. The tests provided a reviewof the first part of the course. The first test consistedof five questions on Lagrange multipliers, surfaces,envelopes of curves, grad, div and curl. The secondtest consisted of nine questions on setting up, chang-ing variables in, and evaluating double and triple in-tegrals; curvature; Clairaut equation; center of massand surface areas. A database of about 50 questions,containing several questions for each of the abovetopics, was used. The questions that appeared on
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student’s quizzes were chosen at random from thisdatabase, and with most questions Maple’s randomgenerator was used to provide additional variation.
 In terms of difficulty level, we tried to ask ques-tions similar to the ones that appeared in the pastfinal exams and exercise classes. Whenever possible,we tried to include questions that stimulate mathe-matical thought, though routine exercises were alsoincluded.
 Our aim was to give the students practice for thefinal exam. The students were expected to attemptall of the 14 questions and did not have access to solu-tions until after the due date. However the studentswere notified of any wrong answers right away andwere given a chance to correct their answer, receiv-ing a 10% penalty for each wrong answer.
 In addition to the tests, the students were re-quested to electronically fill in a survey for which theyreceived bonus marks.
 Despite the fact that neither the survey nor thetests were compulsary, 22% of students did at leastone question of one of the two tests1 and about a halfof these did enough work to receive a passing mark orbetter. Several conclusions can already be made fromthese preliminary results. Over 70% of the studentswho did the survey, found the tests helpful as a prepa-ration for the final exam - this is also reflected in thefact that only one student found the questions easy.In fact about 40% found the questions “difficult butuseful”, and about a half found the questions “justright” (the other choices were “easy”, “too easy” and“too difficult”).
 Overall, the students really liked the feedback fea-ture - despite the penalty they receive. Most alsofound the system very easy to use; this may partlybe due to the fact that Maple syntax is a naturalone for entering mathematical expressions and thatby the time of the tests, the students have had about12 hours of PC labs using Maple. The students alsofound the questions to be useful and of good quality.
 Finally, a half of the students actually preferredweb tests over the graded homework. However whengiven a choice between exercise classes2 and webtests, less than a quarter preferred the web tests. Un-like chess, no computer can yet substitute a humanteacher.
 6 Conclusions
 We have used AIM to administer vector calculus teststhat make full use of Maple’s symbolic capabilities.The preliminary results indicate that AIM is a goodalternative to marked pen-and-paper homeworks, atleast for such computation-intensive courses as vec-tor calculus or differential equations. In a survey,most students indicated that the system was helpfulin preparing them for the final exam, and about a halfactually preferred AIM over the traditional pen-and-paper assignments marked by teaching assistants.
 AIM is currently being used at two different uni-versities and one college in Belgium. The AIM serveris implemented using Maple (90%) and Java (10%)and can be installed on any Windows computer thathas Maple and a net connection. See AIM homepage[1] for more information.
 We are currently developing questions for differ-ential equations, linear-algebra and pre-calculus. Inaddition, we plan to use AIM next semester to ad-minister a part of a linear algebra exam to a groupof 300 students. Use of the package then of coursewill take place under supervised circumstances. Weexpect to report on this in the near future.
 Acknowledgement. This work was financed bythe Faculty of Applied Sciences of Ghent Universityand the Flemish Ministry of Education.
 References
 [1] Alice Interactive Mathematics (AIM)http://calculus.rug.ac.be:8080
 [2] Calculus on the Web (COW)http://fourier.math.temple.edu/
 [3] Heriot-Watt WebTesthttp://webtest.ltc.hw.ac.uk/
 [4] WebWorks http://webwork.math.rochester.edu/docs/
 [5] Web Hosted Assessment of Mathematics(WHAM) http://l62.csm.port.ac.uk/
 1An unknown number of students have looked at the tests without inputting any answers.2Exercise classes are weekly problem solving sessions conducted by graduate students.
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