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Abstract
Frustrution over poor Student retention of prevequisite course materials served as the
catalsi for creating online “readiness” exams and tutorials in the three-course calculus
sequermce. In this paper, the authors provide a model for creating and Implementing
comput »-hased assessment and remediaricn using Maple T.A.

Introdiction

The pre blem that Eastern Connecticut State: University's mathematics faculty faced in its
three- cowse calculus sequence is mirrored across the country. As students move through
the scquence they forget skills and concepts learned in earlier courses, they often have an
unrealis ti: expectation that their present ir structor should review all previously learned
materia . relevant to the present course, aid they try to hide their lack of knowledge,
which san lead to disaster at the end of the semester. Frustrated by this situation,
mathen atics faculty at Fastern decided to take action in the form of instituting calculus
readine is exams and remediation at the start of each course in the caleulus seque nce.

Strateg le Plan
In orde ' to translate the idea — calculus resdiness exams and remediation — into reality a
strate gi 2 9lan was needed. Our strategic plan included the following:
» [dentify appropriate mathematics assessment software
¢ Oostain funding
¢ Datline exam content areas
D2velop a procedural plan and imp ement the plan
A1alyze results and revise assessrents and/or courses
Disseminate results

Identifi :ation of Software

The first step, identification of the mathematics softiware, was the easiest step: we
selecied Maple T.4. Our selection was iniluenced in part by the fact that we had been
using tlie computer algebra system Maple in Calculus courses since 1991. So, there was
familia ity with the Maple T.A. software (:daple 10°s kernel is embedded in Maple T.4.)
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and its ¢ reator, Maplesoft. A salient feature of this assessment software is that Maple T 4.
~ can icer tify and correctly grade equivalent forms of student answers, In addition, Maple
T.4.’s 1« ndomly-selected-constants design leature is useful in creating different questions
with th: same mathematical structure. Parenthetically, given that the Mathematical
Associaicn of America (MAA) and Maplesoft are presently collaborating on online
assessm :nt/placement exams is further erdorsement that we made a wise choice in
select 11 /Maple TA.

Funding

The next aurdle was funding. We were rather creative in this area and were able to get
funding for Maple T.A. worked into a Fund for the Improvement in Post Secondary
Fducttion (FIPSE) grant that targeted creative initiatives in the use of computer-
technoiogy to support developmental math smatics. In addition, the authors were able to
obtair :everal small grants to support our work from the Connecticut State University
Systeir's Learning and Assessment Grant 'rogram. Most recently, the authors were able
Lo conv. nee the Connecticut State Universiy (C8U) System Office to pick up the cost of
a site | cense for Maple T.A. for the four institutions in the CSU System (Western,
Central, Southern and Fastern). All we car. say about funding is: “Where there is a will
there is a way!”

Identifii aiion of Calculus Topics

The net challenge was deciding on the calculus content for the entry exams. As a
depar:r ent, we had in the past generally azreed on the texibook and chapters we would
cover e ¢h semester. However, we had nev ar come to an agreement on which topics were
essemial ‘or student success in the next course in the calculus sequence. A Calculus
Comriites was formed and charged with he task of identifying a minimal list of core
topics fa Calewlus I 1T and T Once completed the Core Topics for Caleulus I, 1T, and
1T wore presented, refined and accepted by the entire mathematics faculty. These lsts
setved 15 the »asis for Eastern's Calculus Assessment System — Calculus L 1T and 111
entry exarns and tutorials.

Proced rel Plan

Crucial to the Department's plan for assessment of its Caleulus sequencewas the corcept
“start s1azll and build in small increments. * Hence, the plan called for beginning with a
single ¢ wurse, Calculus 17 and included the mitial three stages listed below:

stage I

v Learn the software and create ar entry exam for Caleulus I
»  Pilot test entry exam on students entering Caleulus 11

v Analyze results

¢ Refine exam

v If needed, adjust core topics for Caleulus I
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Stage 17

v Create tutorial for Calculus 1/

v Create entry exam and tutorial for Calculus IIT

v Implement entry exams and tutoials in Calcwlus If and Caleulus 111

» Analyze results

v Refine exams and tutorials

v Adjust core topics and/or instructional approaches for Calculus I and II

Stage 111

v Draft Core Topics for Entry inte Caleulus I

» Create entry exam and tutorial for Calculus Ibased on Core Topics

v Implement entry exams and tutorials in Caleulus I, II, and 177

v Analyze results

+ Refine exams and tutorials

» Adjust core topics and/or instructioral approaches for Calewlus 1 II, and III
(and possibly in courses below Calculus Ior above Caleulus 111)

Over tine, additional courses (developmental mathematics courses are next) are planned
for Eastern’s Maple T.A. Asscssment System. Based on analysis of the assessment
resulis, ~he mathematics faculty will revise course content and/or instructional

appreac hes.

It is irteresting to note that members o” the Psychology Department have inquired
regar iig the possibility of using Maple T.A. to create entry exams for their Research
Methacs ;ourse. Hence, we are now lookirg for opportunities to expand the use of Maple
T.A. o other diseiplines.

Impleir entation

The fir:t implementation of both entry exans and tutorials was fall 2004. Entry exams to
incomitg Calewlus 11 and Caleulus 17 students (approximately 60 students) were
adminictered at the beginning of the semaster. For those students who did not earn a
passitg grade of 75, mandatory tutorials were provided. The questions on the entry
exams nd tutorials focused on the list of Core Topics for Caleulus I, and I (arrived at by
consery us of the mathematies faculty). The Core Topics lists were made available to
students prior to the entry cxams. Students: entering Calculus IT were tested on material
draw1 from the Core Topics for Caleulus I (differentiation); the students entering
Calcinir s 11T were tested on material drawn from both the Core Topics for Calculus I and
77 (di*¢ rentiation and integration). As of this date, revised assessment exams and tutorials
are adainistered at the beginning of every semester, with assessment of students entering
Cale 4hes Tfor the first time in spring 2007, To date, 367 calculus students have been
assessa 1 vy our Maple T.A.-based Caleulus Assessment System.

Creating the Maple T A. question banks needed for the Calculus Assessment System was
a time-consuming task. The authors spli: the work of creating the entry exams and

103

o
i



BFR—19- 28T AS 133 PH KEEATING

868 Z25 @T1S

- tutoriuls. Dr. Keating created the entry examns, which tested both content theory and the
use of 1 chnology (students’ ability to use the TI-89 graphics calculator to solve problems
in calculus). Dr. Davis created the tutorials which were set up as mastery sessions in
Maple 1.4. Use of mastery sessions allowe« the creator to force students to work through
problerts (or groups of problems) in a particular order and block students’ progress
througzh the tutorial until they answered questions correctly.

Perhaps the biggest obstaclc has been to get students to complete the entry exams and
tutorial:. within the first few weeks of the course. When the cntry exams and tutcrials
were firs: implemented, calculus instructors were forced to give students grades of
Incompere for failure to complete the eriry exam or tutorial prior to the end of the
cemester. That meant faculty had to track: down students and then Dr. Keating or Dr.
Davis liad to reopen the entry exams/wtcrials for those few individuals who failed to
comglee the assessments. Subsequently, the Department has instituted a policy that
requice : students to complete the entry cxems within the first two weeks of class and the
tutorials within the first three weeks of cless. Iailure to meet these deadlines results in a
drop «f cne letter grade for the final grade. ‘This policy will take effect for the first time
fall 20(7.

Agsess nant Results and Changes

Map'e T.4. provides an abundance of stati stical jnformation at both the course level and
individue ] student level. For example, on t1e entry exams, in addition to a list of students’
final sc ores, faculty can access the dates on which students took the exam and the arnount
of tiime taey spent on the exam. The percentage of students who answered each question
correetly as well as looking at an individual student's answers can be determined. This
type ¢f information is extremely useful in identifying weaknesses in the calculus
sequer ce as well as an individual student’. content weaknesses.

In ternis of weaknesses at the course level. it was discovered that:
o glenlus Tstudents have some difficulty in finding the equation of a line. (This
result was a surprise.)
o “alewdus II students have difficul'y in applying the chain rule for differentiation
‘No wonder students have trouble with the substitution technique in integration!)
¢ Calculus III students have difficuity with summation notation,
Mathe matics faculty responded to these discoveries by strengthening how these arcas are
addressed in previous courses, In the cas¢: of summation notation, for example, this topic
has bea added to Precalculus so that students have an opportunity to work with
surrp1at on notation both in Precalculus and in Calculus 1. Tn addition to specific
mataz natics content weaknesses, the Lepartment learned that students have serious
weakr esses in the use of technology, specifically the TI-89 graphing calculator, to solve
calcul 15 -relared problems. Calculus instnictors are working to better integrate use of the
TI-$9 celculator into their courses.

Altho sgh there has been progress in adji sting course curricula in the areas of identified
weekiiesses, t should be stressed that the Department is at an initial stage of prerequisite
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course 18sessment and will continue to refine course content and instructional approaches
as di‘e ted by the data analysis.

Disscn ination of Results/Continued Rescarch

Dr. K:aing and Dr. Davis have presented their strategy and demonstrated their
appl'ce tion of Maple T.A. for online assessinent at a number of conferences and at several
aniver it es. Because of their novel approuch in the nse of technology to assess student
reter (i of prerequisite course material and their provision for remedation, Dr. Keating
and D~ Davis will be featured by auttor Peggy Maki in her revised textbook on
assess1aent, Furthermore, D, Keating and Dr. Davis® methodology will be highlighted as
a case study by Maplesoft. Both authors olan to continue theit work in assessment. In
particclas, Dr, Keating has been awarded a spring 2008 sabbatical to continue her
resench in essessment and its application to the use of online technology. Hence,
addisic nsl presentations and research articl s are expected in the future.

Informationt on Maple T.A.

Questjn Bank

For (92 calculus entry exams and witorias, the Maple T.A. Question Bank Editor was
usec. t) >rcate question banks for each exam and tutorial. After creating and naming a
queston bank, it must be saved and uploaled to the Maple T.A. System. More often than
not, fuple-Graded questions which were generated algorithmically were chosen:
howes er, multiple-choice, fill-in-the-blant., clickable image, and graphical questions are
also possible.

Ass g ument or Mastery Session
Ass grments (in a variety of formats — exams, mastery sessions, study sessions, ete.) are

crect:1 by selecting questions from a question tank. Once the questions ae selected,
polici:s must be set. Policies can include restricting the number of attempts a student is
allond to complete the assignment, setting the beginning and ending dates. and
specif /ing whether students can view hins during the assignment or solutions at the end
of 112 a:signment,

Grade Biok

The . duple T.A. Gradebook records student statistics consisting of student names,
identi ication numbers, dates when the us:ighment are accessed, the time on task used for
the a¢signment or mastery session, grade earned and so forth. The instructor can access
assigt menl statistics such as the mean and standard deviations of the scores, as well as
the ‘cwer quartile, median and upper (uartile of the scores. At the question .evel,
instrastors can view the success rate, the p-value and the d-value and they can view
ind v dual student assignments.
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