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Recently the Department of Mathematical Sciences at Middle Tennessee State University enposrked
thetask ofrestructuringits undergraduate program. An important component of this restructweisga
recommendation for thase oftechnology to enhance the teaching &wtning process. As a result
technologywas rigorouslyused inthe fall of 1993 in abstract algebra and one sectiogabfulus. The
authors of this paper were the instructors of these couesgrectively. Inhefirst part of this paper, Dr.
Krishnamandiscusses the abstraafjebra course, emphasizing changes in the method of teaching abstract
algebra, the resultingffect on the studeméarning patternand student concerns. In the second part, Dr.
Kimmins emphasizes modificatiorvghich were made in her approach to the reforroaldulus course as

the semester progressed.

Using ISETL as aTool to Learn Abstract Algebra

A few questionswhich concern theabstract algebra instructérom time to timeare: (i) Are all the
studentdearning? (ii)Could they learrmore meaningfully? (iii) Is the teaching methiaihging out the
best in studentsMany different methods weteied tofind answersbut none of thenwere perfect. An
opportunity to try themethod by Ed Dubinsky of Purdue Universiiyas presented at the 1992
International Conference on TechnologyJallegiate MathematicsFollowing that conference @ecision
was made to try Dubinsky's method.

The changesThe entire abstract algebecarriculum was redesigned in order to incorporate constructive
interactive method#volving computer activities and cooperatilearning[4]. The following changes
were made by the teacher, and the students were rend@bdet thesehanges from time tome. There
was a shift in emphasis from grades to learning concepts. There was at leashpuaeer lab assignment
per week. There wemmanyopen computelab sessionsvith supervision. The students were divided
into groups. Inter- and intra-groupactivities were encouraged. There were voluntary and assigned
presentations by student&radeswere based orgroup work, individual presentations, apbgress on
group and individualests. There wereone-on-onaliscussions between students #mel instructorpoth

on academigéssuesandissuespertaining to the changes hesechangegesulted in student discoveries.
Computer activities enablethe teacher to introduce concepts well in advancevieén they could
otherwise have been introduced and enabled the students to be more fathiliae ideas, abstract and
otherwise. The activities dhe studentslso reflectecchanges. They divertddom "studyingjust for
tests" to goattern of continuous learning and having discussions with pedrprofessors. They became
comfortablewith makingpredictions. Soméook the role of teachers iheir groups as well as in the
entire class. Retention improved. Students were proud to present their discoveries.



Observations: Students showed a better understanding of the concept of a group, quantifiers, negation of

a proposition, and functionlSETL helpedthem inlogical thinking. They were proficient impplying the

tests for subgroups. They understood some finite groups better than the students who had learned abstract
algebra in previous semesters. Thighlight of using technologywas the way students weedble to
understand¢osetsand, consequently, predicagrange'sheorem. They were able to get the sketch of the

proof on theirown, and then theproof was a mere review. This wasvastimprovementover the
traditional method.

Student Concerns:The students understandably hadny concerns about thisew method. These
included: i)How muchtime should be spent on this course? Will | have time to study other subjects? ii)
Usually the traditional course has mampofs. Will this course be as good# Will | be able toput in

the hard work needed for this course? Is it all worth it? Figure 1 gives an idea of the level of the students'
enthusiasm in the course as time progressed.
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Figure 1. Teacher’s percepticen cof the students’ level of
enthusiasm

Steps to Reduc@nxiety: Severalstepswere taken to reduce tension. Timethodwas explained in

detail. Open discussions were encouraged. Students were alloslerdanuch time ashey

wanted fortests in amore relaxed atmosphere. Some flexibility in the formationcafperativdearning

groups was allowed. One day per week was declared students' day; on that day students could talk about
their discoveries. The most important stegs the homework hotlineThis made the students feel secure.
Adjustments were made on the high expectats@isathe beginning. This was a psychological relief for

a few students. Optional problemvith extracredit and bonus points were increased. This gave students

the opportunity to do thelbestandsolve creative problemsMuch timewas spent irhelping students,
especially inthe computetab. A graduate studerassisted irthe lab. A specialveek was assigned as
abstract algebra awareness weé&kuring this week, the students and the teadwrtogether as a group

and talked informally about abstract algebra. Some students used this week to catch up, others used it for
further groupdiscussions. The MAA encourages professiamiaractionsamongstudents and teachers

[3]. Activities such as computesessionsand student presentations were ttetalystsfor these
interactions.

Statistics: The class startedith 27 students. Two dropped after twlays. These students did naiant
to utilize technology orcooperativelearning. Onestudent had a misconception of group work and



dropped after onenonth. After the first grouptest,two more studentdropped. Thestvo thought that
their grades were lowered by thgieers intheir group. The class continuedwith the remaining 22
students. Of these, 5 would do weith or without technology, and six wenet surewhether technology
helped them or notThe real effect of technology was seethieremaining 1%tudents who excelled due
to ISETL. Without ISETL they would have been ttso-called average or below average students in a
traditionalclass. "The quality and thamount of meaningful learning lifle average students radically
changed" [4].

Performance: Impressive performances by a few students deserve special mention. These talents would
have gone unnoticed in a traditionaourse. Bryan presented a rotatiodiagram for the group of
symmetries of asquareand developed specifilSETL codefor permutation problemd eresaSchmidt
discovered some cyclic subgroups fon@n-cyclic group muctearlierthan itwastaught inclass. Mark

discussedolutions of the equaticX”" =€ in a growjth the class. Rebecca hathsight concerning the
order of an element and that it inverse in a group well indvance of its discussion atass. Teresa
Steinhauerdiscoveredthe impossibility of certairsizes for subgroups of a particutznoup well before
Lagrange's theoremvas introduced.Julianna,Troy, Pamela, an&athy developed specifitSETL code

for problemsinvolving cyclic subgroups. Faye tried to establiskecanection between tHength of a

cycle and the parity of the permutation.

Recognition: Extra recognitionbesidesgrades, wagiven. Students presented thein results to the
admiration of others. A few students assumed leadershipwhbliek they would not have normally done.
Each student'sest waspersonalized in appearance. Each student felt that higroanswers were
important. Discussion of goals angerformancevas done on an individudlasis. A speciatertificate
was issued to students for learnISg&TL.

In 1993, theU.S, Department of Education launched an algebra initiative in an attempt to establish a
coherent approach to algebra education and algebra refawerst level of education, Educators at the
conference atvhich this initiative was launched were encouraged to consideugbeoftechnology in
abstract algebra, an®ETL was cited ane of the well-suited computationahvironmentg1]. New
ideasand solutionsare required to facthe challenges encountered in thge oftechnology, University
teachers need to ttgchnology and doesearch in different methods of teachirithis will enable us to
develop effective ways tosetechnology to helgtudents learn algebra, "Undergraduate mathematics is
the lynchpin of mathematical education. Nmeform of education igossible unless ibegins with
revitalization of mathematics in both curriculum and teaching style" [2].

A Description of a First Attempt at Teaching a Reformed
Calculus Course

By way of backgroundéhformation, in theacademic years 1991-@hd 1992-93, a colleagiaught one

section of the calculus sequence using the Duke materials. | was asked to teach theéArGjseiction

in the fall of 1993 in an effort taget morefaculty involved inteaching reformedaalculus. Allother

sections usethe Finney-Thomatext. My attitude towardeaching the reformeskction wasnfluenced

by Heatherwho in mytraditional calculus course ithe spring 0f1993 asked'What is aderivative?"
two-thirds of the way into theemester. | wawilling to try anything; Ifelt that | could not haveless

success in achieving student understanding of the fundamental concepts of calculus than | had in the spring
of 1993. Students dichot know inadvance that they weenrolling in a non-traditionatalculus course,

but were told on the first day of class that their section would be taught as a laboratory course. If students
reacted negatively, they were allowed to transfer to another section. Approximately 15% did transfer.



Initially | taught using the suggested schedule of Smith and Moore \&hjwars in the instructor's manual
accompanying th®uke materials. Theuggested schedule includezommendations for thiecus of

each clasperiod and accompanying classroom activities. Likewise, in keeping with the philosophy of the
originators of ProjecCALC, | initially depended on lecturing very littlsfudents were expected to digest

the text. Students were told thatliau of lecturesclasstime would be spent in mini-lectureghen

needed, classroom demonstrations and activities, small-group projects, computer laboratories, and
answeringstudent questions. Ilkeepingwith the spirit of ProjectCALC (Calculus as d.aboratory
Course), the computer lab component was to motivate the entire course,

As the semester progressed, it becdnweasingly apparent that students werd reading and/or
understanding the text and wexkle tocomplete thdabs only by badgering méor help. | suspected
students wer@ot reading the textrhen itbecame apparent by their questions that they wetreeading
lab instructions. | decidethat some modification had to be masberal weekto the semestewhen
we completed the lab "Falling Bodies with Air Resistancethiglab, as in a previous lab, students used
Euler's method. Aftecompleting the "fallingoodies" lab, amajority of students stiltid not seem to
understand Euler's method. Thus, | beg#roducing material irclass as had previously done in
Heather'sclass, in a lecture-typformat (although have learned thawhen | consider myselfecturing,
many do noteally consider it to béecturingbecause of mgffort to weave student interactiomo the
discussion). The labserethenused toreinforce this materialvhich had been previously introduced in
class and allow students ¢éaperience rich applications of this material. Agsult ofthis change, it was
impossible to assign all of the labs.

| found myself occasionallwriting alab. Thestudents seemed to particularly enjoy and befrefit a

lab oninfinite serieswhich | wrote during the spring 01994 for my second semester Proj€@ALC

course. In this lab students gathered numerical evidence for convergence or divergence of common series.
For some of theeries, students weesked towrite the general term in theequence of partial sums and

thus verify their conjectures formdtbm examiningthe numericakvidence. Arinteresting footnote is

that onélab pair became really interestedfiimding the general term in theequence of partial sums for

the p-serieswith p=2 and thus the exact sum. dvious reasons students waia asked to ddhis in

the lab. When | saw this pair was so interested, | assigned this as a bonus project. The Wednesday before
Thanksgiving thigpair was in my officereporting on their effortsyvhich included library research. They

finally completed the project, but never wrote it up for credit. It was extremely refreshing to see students
investigate mathematics for the sheer joy of it!

Students worked in pairs on computss. The pairs wer®rmed by the instructor. Two lab pairs were
placedtogether by the instructor to form cooperative leargraups for otheactivities such as projects.
Thesepairings were changed at thestructor's discretionluring thesemester. There was sonmdial
trepidation by students about cooperative learning. | recall one studentfosttiay of clasgelling me
that he would give it a try, but it realgoncerned him that his grade wouldbzesed orwork that was not
solely hisown. |was pleasedvhen later in the semester dpecifiedthat an assignment had to be
completed individually, and he responded with a comment of the type "Can't we work together?"

| was not experienced in directingooperativelearning and very quickly learnethat my attempts at
structuring group work wereffective when interesting multi-step problems were tbéject of the
cooperation, but ineffectivavhen, for example, routinenomework discussion was thebject of the
cooperation. | found thprojects inthe ProjectCALC materials to badeal for cooperativdearning
groups totackle. Tohear studentsliscussmathematics aselated totheir attempts at solving the
"air-traffic control" problem, for exampleyas refreshing. However, Wwas amazed and appalled at the
attitude many students had toward their lab partners. It wasnommmon foione of a pair to misslass



for a lab, leaving their partner without a diskette on which vital previous work had been done. Because of
the comments of a f egtudents in their evaluations of the f irst semester, studentsgierethe option

of working cooperatively or individually on computer latisring the second semester; approximately half
chose to work individually.

Student comments arourse evaluations reveal#tht students oftedid not seethe connection between
the labs and thecourse. Students wrote that "some of thabs have notseemed to be related to the
material in thebook" andthe labs "seemed to strayom the stuff in class."One student complained
bitterly in frustration when she was doing the lab on compound interest that "this is not calculus."

One student in hizourse evaluation of my second semese&formed calculus coursenrote: "The
addition of the computer laboratoryéaspeciallyhelpful because | caseesome real application to some
principles that | wouldn'see elsewhere. It also is good for a changeacg f romthe drudgery of simply
250 minutes oflecture weekly." However, theravas some frustratiowith the use ofcomputersboth
semesters. One student indicatteat she thought there should be a compotterequisite for the course;
another remarked, "Having no backgrowmt experiencevith computers, | find | gefrustrated easily
whenMCAD doesn't work properly." litourse evaluationgiven in conjunction witithe final exam the
first semester, of the 13 studemiso completed the evaluation (twsiudentsawvho took thefinal did not
complete the evaluation), 7 students "strongly" agweddthe statement, "l am glad we had a computer
lab component to thisourse." Four studentssomewhat" agreed, and two studefis®mewnhat"
disagreed. In response to the statemerfgélithat | benefitedrom thecomputerlab component,eight
"strongly" agreed, four "somewhat" agreed, and one "somewligdyreed. It isnteresting to not¢hat
one of the studenta/ho "somewhat" agreedavith the statement, "I am glad we had a computer lab
component tdhis course” and one of the students "somewhat" disagreedith this statement strongly
agreed with the statement, "I feel that | benefited from the computer lab component.”

As the first semester progressed | found myself supplementing the excellent problems in the Project CALC
text, The CalculusReader with additional problems of a more routine computational natliee two

tests, in addition to the final exam, were of both a conceptual and a computational nature. Fifty percent of
the semester grade was based on labs and projects done cooperatively, but students were required to score
100% on a computational gatewtsst ondifferentiation in order to exit theourse. All butone student

who took thefinal examsuccessfully completed thigquirement, althouglseveral students required

several attempts.

Students were definitely more engaged, active, and interested as a result of the nature of the Project CALC
coursecontent,labs, and projectthan theclass inwhich Heathersat inthe spring 0fL993. Inaddition,
through the use of computers, students had more exposure to the numeric and graphic interpretations of the
fundamentakoncepts of calculuand investigated rich mathematical applications. In my first attempt at
the reformed coursesalculus was still a filteand not a pumphut boredom and inactivity seemed to
disappear.
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