Session

0-7803-6669-7/01/$10.00 © 2001 IEEE October 10 - 13, 2001 Reno, NV

31 st ASEE/IEEE Frontiers in Education Conference

1

Empowerment to Success: The Class Structure in anHonors Engineering Course

Frederick C. Harris, Jr. 1 , Nancy LaTourrette 2 , Y aakov Varol 3

1 Frederick C. Harris, Jr., Universityof Nevada, Reno, Department of Computer Science, Reno, NV 89557, fredh@cs.unr.edu

2 NancyLaTourrette, Universityof Nevada, Reno, Department of Computer Science, Reno, NV 89557, latour@cs.unr.edu

3 Yaakov Varol , Universityof Nevada, Reno, Department of Computer Science, Reno, NV 89557, varol@cs.unr.edu

Abstract

Structuring a quality honors course is a

challenge in most disciplines. We have offered an honors

section in our introductory computer science class for

several years. During this time we have restructured our

honors section several times, including shifting both the

focus and format. We started with a concentration in Web

Design, shifted to Robotics, and then advanced onto student

presentations. The layout began as a traditionally

structured course, evolved with the introduction of student

mentors, and most recently has advanced to student-directed

learning. It is evidenced from both our evaluation of the

student work and the student evaluations of the course that

self-directed learning (i.e., empowerment) has resulted in a

satisfactory and successful honors class.

Index Terms ¾ honors, student empowerment, CS1

I NTRODUCTION

In 1997 the Department of Comp uter Science was

approached bythe Honors Programto develop an ho nors

section of I ntroduction to Comp uter Science, or CS1. T he

goal was to have this section open to all students in the

honors programwithout regard to major. Because of

resource limitations it became necessar y to integrate this

section into the regular lecture course alread ystr uctured for

Engineering students. Our challenge was to structure the

section to justifyhonors credit and captivate these students

while at the same time not over whelm the non-E ngineering

students and not place extra strain on the acute shortage o f

teaching staff [3].

T he CS1 class is structured as a three credit semester

long cour se. T he lecture is three ho urs a week with a one

hour weeklylab. In all sections, including ho nors, the

students co mplete eleven weeklyprogramming assignments.

T he semester culminates with a three week individual

programming project that utilizes the concepts lear ned over

the course of the semester.

Since the ho nors section was created in the fall o f 1998

there have been fo ur different cour se for mats. T he course

structure has changed significantlyfro mo ffering to offering.

As the structure has evolved the level of student involvement

has increased. We have fo und that there exists a direct

correlation between this increased level of involvement

(i.e., empo wer ment) and the students perception of, and

hence, perfor mance in the class. T his is similar to the

relationship found in [1].

In this paper we present so me details of the four

different course structures. In addition, we report on ho w

the empo wer ment manifested itself in the decision process

of the mo st recent o ffering. Finally, we address what for m

future ho nors sectio ns of CS1 may be like based upon o ur

observations and the student evaluatio ns of the course.

H ISTORY

I ˘ W EB D ESIGN

Altho ugh initial contact fro mthe Honors Programcame in

late 1997, the decision b ythe department to instantiate the

course did not come until days before the start o f the fall

1998 semester. T herefore, the structure of this first iteration

of an ho nors sectio n was ad hoc at best.

A T eaching Assistant (T A), with expertise in web

design, was assigned solelyto this section. T he primar y

focus, therefore, of this first round of course design was to

teach the students web design. T he web element of the class

was in addition to the regular lab assignments o f the other

sections. T he additional wor k required of the students was

compensated for byincreasing the weekly lab fro mone to

two hours. Because the thought was that this was not

comp uter science ^eno ugh~, the students were also required

to attend several colloquiumhosted b ythe department.

When the T A, due to an emergency, left in the middle of the

semester, the focus o f the section shifted solely to

colloquiumattendance because we could not replace the web

design instructor b yan eq ually q ualified T A.

Our preliminar ythoughts regarding this course design

were negative. T he course structure had several problems.

One, the infor matio n was co ming fro m a single source and

when that dried up the section faltered. Second, adding web

design, while maybe timelyand interesting to the students,

was not rigorous enough for an honors sectio n in co mp uter

science. Lastly, while it was appropriate for the students to

be exposed to advanced computer science subjects through

colloquia, bynot augmenting the talks with backgro und

and/or supplemental material the students tended to be

exposed to the topics but developed little or no

understanding and appreciation.

H ISTORY

II ˘ L EGO M IND S TORM

Due to the scheduling time line the second iteration o f the

honors sectio n in spring of 1999 was agreed to before the

first round was a week old. T herefore, we attemp ted to

0-7803-6669-7/01/$10.00 © 2001 IEEE October 10 - 13, 2001 Reno, NV

31 st ASEE/IEEE Frontiers in Education Conference address the perceived shortcomings of the first semester

witho ut a proper and timely analysis of the issues involved.

An assistant professor in the department received a

grant to integrate the learning of programming through

robotics. He agreed that sponsoring the honors sectio n of

CS1 was an appropriate vehicle to carryout his research.

T his semester´s ho nors section was limited to ten students.

T he grant bought two Lego MindStor mrobot sets, and

subseq uentlythe students were split into two teams. Again,

the students work with the robots was in addition to their

regular lab assignments and the weeklylab ho ur was

increased to two hours.

T he teams designed, built, and programmed the robots

to deal with increasinglyharder problems. T heybegan with

simple movements, increased to light sensor readings to

follo wa painted line, then progressed to obstacle avoidance.

T he culminatio n of the semester was team co mpetitions.

T he two robotics teams co mpeted with each other and

against teams fro mthe Mechanical E ngineering department.

At the beginning of the semester the initial response of

the students was positive ˘ they saw it as fun. But this

quickly degraded as they realized the vast amo unt of time

needed to design and implement their tasks. In addition,

because the entire semester was teamoriented the students

complained about the lo gistics of getting large teams

together multiple times per week. T his negativitywas

mitigated so mewhat at the end of the semester b ythe

excitement of the teamco mpetitions. T he positive effect

was predicted in [1, 4] because the students saw the benefit

of their gro up work.

We were more pleased with the results o f this iteration

of the honors sectio n but still had major concerns. T he

focus was more appropriate to a computer science class than

the web design basis o f the previo us semester but we were

uncertain whether the learning was noteworthy. In

particular, whether the students actuallylearned more

programming fro mthis hands on experience, than the

regular labs provided. In addition, the proper teamd ynamics

(i.e., leadership) and reinforcement of what theylear ned was

lacking.

H ISTORY

III - M ENTORING L EGO

T he summer of 1999 was used as a time to analyze and

evaluate the results, and more importantlythe pros and cons

of the str ucture of the honors lab using the Lego robots. We

felt that although the facultyme mber ´s involvement assisted

the process, the students wandered aimlesslyin their team

projects due to the content and structure of the lab. T o wit,

the group d ynamics became a major issue. Generally, the

students who understood the academics of the lab were not

the natural group leaders. T he leaders then became those

who could lead but did not have the ability to dissect and

analyze the material properly.

With this in mind, we decided to use exceptional

students fro mthe previous course as mentors for the new section. T he mentors´ goals were to provide experience and

direction. T his should have enabled the groups to spend less

time on ancillar yproblems, such as b uilding the robots, and

more time on lear ning programming skills [5]. T o meet this

goal the sessio n was structured so that the mentors met with

the teams during lab time, as well as arranging and

overseeing additional group meetings as needed.

What resulted was too heavy of a reliance o n the student

mentors to provide guidance. Since the mentor´s

involvement was purely voluntar y, with no financial

compensation or academic credit received, the mentor´s

enthusiasm waned as the semester progressed and their o wn

work load increased. T herefore the robots got built and the

software written but so meho wthe process turned tedious for

students and mentors alike. Altho ugh no grade was given for

the extra honor´s wor k there was a distinct drop off in grades

in the regular lecture and lab wor k b ythe honors students.

T his semester tur ned out to be the least valuable to the

honors students, in addition to possibly being a detriment to

their outlook and interest in the course as a whole. We again

felt that a significant amount of time was spent on the design

of the robots witho ut the benefits of an increased

understanding of programming. T his coupled with the

reliance on mentors and ever yo ne´s lack o f enthusiasmled

us to believe that we needed to revamp the entire approach

to the honors section of CS1.

H ISTORY

IV ˘ E MPOWERMENT

With the entire year and increased resources available, we

were able to co mpletelyanalyze and overhaul the str ucture

of the honors sectio n. We evaluated several factors,

including content, goals, time and resource demands, and

student feedback.

We set the str ucture based on three main areas: invited

talks; a portfolio; and a teamresearch project and

presentation. T he first half of the semester was focused on

invited talks and the second half of the semester focused on

the projects. T he last three weeks of the semester were

dedicated to the regular final project that was assigned to all

the CS1 sections. T he portfolio addressed the research of

the speaker s and the evaluation o f the cour se, and therefore

was prepared over the course of the semester.

Instead of relying on the departmental colloquium

series, we invited departmental faculty, outside researchers,

and undergraduate seniors to speak to the class. T he seven

speakers were asked to talk about a co mputer science subject

that was general enough in scope to appeal to freshman and

a diverse group of majors, but with sufficient technical

content to expose the students to co mputer science subject

matter and research. T he departmental facultytalks were on

Cr yptography, Co mp uter Vision, and Neural Networks. T he

two outside speakers, both entrepreneur s, presented research

and develop ment of their co mpanies products, one on

Biometrics and the other on Co mp uter Vision. T wo senior

level co mp uter science students talked about their summer

0-7803-6669-7/01/$10.00 © 2001 IEEE October 10 - 13, 2001 Reno, NV

31 st ASEE/IEEE Frontiers in Education Conference internships. One of the students gave a for mal presentation

on wireless technology(Blue T ooth) based on his work with

Agilent T echnologies. T he other student presented an

overview of his wor k in Japan on Beo wulf clusters. T o

introduce an element of discussion and dissectio n of the

speakers themes, ever yweek a ten minute summar ywas

given. On a rotating basis, three students were required to

give the summar yof the topic presented the previo us week.

T he portfolio consisted of two sections. T he first

section was a summar yo n each lecture presented b ythe

invited speakers. If the students had missed the presentation

or were not able to generate eno ugh notes fro mthe talk they

were enco uraged to sub stitute a summar ybased on their

outside readings of the topic. T he second section was an in

depth discussion o f the structure of the honors section and

their perceived notion o f what they learned over the

semester.

T he second half of the semester was dedicated to the

student teamprojects and presentations. T he students were

broken up into groups of four. T he teams were chosen based

on discipline. Approximatelyhalf the class was co mputer

science majors. T he other ten students came fro melectrical

engineering, civil engineering, mechanical engineering,

biochemistr yand the liberal arts. T he distribution of majors

allo wed us to set up groups with two disciplines represented

on each team. We acco mplished this b yputting two

comp uter science majors in each group and then clustering a

specific major with the other two teammembers. For

example, one team had two comp uter science students and

two mechanical engineering majors while another teamhad

two co mp uter science majors and two biochemistr ystudents.

We thought b ystructuring the teams this way a natural

subject would emerge for the gro up presentations.

T he requirements for the student presentatio ns were

simple, similar to the organization described in [2]. Each

teamhad to give a Po werPoint presentation, in which all

members o f the group participated. T he presentation had to

be approximately thirtyminutes in length. T he students

were allo wed, in fact enco uraged, to pick anyco mputer

science related subject that they were interested in. T he

topics were not required to be the same as tho se presented b y

the outside speakers. T he week after the initial team

meeting, each teamwas required to sub mit in writing a

rough o utline of the areas to be covered. T he onlyadvice

the instructor gave regarding the outline was on the scope of

the subject proposed bythe students.

E MPOWERMENT VS . S TRUCTURE

Even though the cour se was str uctured, the students were

given free rein and co mplete freedo mto choose a topic for

their group presentations. Our hope was that if they choose

a subject theywere interested in, whether the interest was

generated fro m the invited talks or fro mtheir o wn readings,

that theywo uld spend more time and go to greater lengths and depth to research and present their material. We fo und

this to be true.

We anticipated that the structure of the teams b y

disciplines wo uld auto matically create topics of interest.

But, the presentation areas that the students selected were

not as discipline specific as we expected. Nevertheless, all

the topics chosen were appropriate to a computer science

honors sectio n. Since the students were not provided

detailed instruction on the content of their presentations, our

general expectation was that the students might do a

superficial coverage o f the material. Ho wever, we were

surprised and pleased at the range of topics picked and the

level of co mplexity and self-motivation exhibited bythe

students. Onlyo ne of the team´s topics coincided directly

with an outside presentation done earlier in the semester and

that was a subtopic of Cr ypto graphy. Ho wever, the students

did not relyon the material provided bythe faculty speaker

but in fact investigated and researched new material.

T he other presentation subjects were: T he Search for

Extraterrestrial Intelligence (SET I); DNA supercomp uting;

NASA´s Interplanetar yNet wor k; and Digital I maging. T he

SET I group introduced concepts of probability, radio

telescope arrays, and an in depth coverage of distributed

comp uting and its applications. T he DNA superco mputing

group presented topics as diverse as boolean logic, parallel

comp uting, co mp utatio nal complexity, and then proceeded

to use them in a co mplete analysis o f the advantages and

disadvantages o f DNA versus silicon chip co mputing. T he

Interplanetar yNetwor k ^Media~ group covered networking

protocols, high band width technologies, wireless

communication, as well as parallel processing. T he Digital

I maging Group, while the least theoretical, still addressed a

large number of relevant co mputer science subjects, such as

pipelining and architectural design, OpenGL and graphics.

In addition, theymentio ned such areas as distrib uted

comp uting, and operating systemrequirements. T he

Cr yptography gro up covered an in depth discussion of

Boolean logic, algorithms, and theor yof encr yptio n. T his

subject was not treated trivially as the students also

attempted to delve into and explain NP-co mpleteness as part

of their presentation.

S TUDENT E VALUATIONS

During the semester of E mpower ment, due to credit hour

restrictions, we could not enforce a requirement o f an extra

lab hour for the honors students. In the previo us offerings

we were providing two ho urs of laboratorytime. Previously,

in the first hour the students could do their regular lab

assignments, required of all sections. In the seco nd hour

theyco uld engage in the special activities associated with

the ho nors section. Eventually credit hour regulatio ns

caught up with this arrangement and we could not enforce

the requirement o f an extra lab hour for the honors students.

As it tur ned out this mayhave been the biggest do wnside to

the E mpo wer ment structure. In their evaluations of the

0-7803-6669-7/01/$10.00 © 2001 IEEE October 10 - 13, 2001 Reno, NV

31 st ASEE/IEEE Frontiers in Education Conference course the students biggest complaint was the one hour limit

on lab time.

On the other hand, the students felt that the biggest

advantage of talks/presentation str ucture was their ability to

develop an understanding o f what co mp uter science is. As

one student wrote ^� it gave me a glimpse of the arrayof

applications of co mp uter science~. Another student put it in

more straight for ward fashio n saying ^I never knew that

Co mputer Scientists could go into so me of these fields� I

thought all they did was programstuff~.

One of the students took two different semesters of the

Honor´s section. T he first semester was the Mentoring Lego

round, the str ucture with the student mentors, the second

time was the latest course iteratio n. His evaluation of the

E mpo wer ment semester was especiallyvaluable because he

compared the structure and content to his Lego class. He

commented that ^T he str ucture of the honors section was

ver ymethodical and well-kept co mpared to last year.~ He

also said that he felt the portfolio and presentations were

more interesting and infor mative than the Lego labs.

Our hope that the ne west structure wo uld also excite the

students about co mp uter science was evidenced b ya student

comment that he particularlyliked the Cr yptograp hysection.

He went on to say that after discussions and his presentation

he became ver y interested in this topic and hopes to stud yit

further.

F UTURE F ORMATS

For the next offering of a CS1 honors section we will make

slight modifications to the current structure. Ho wever, the

current focus o f the cour se on a variety of co mp uter science

topics proved to be satisfactory and thus will stay the same.

T he major change to structure will be the eliminatio n of

the ten minute group summaries presented at the beginning

of ever ylab period. T his originallywas designed to

reinforce the subject matter presented b ythe invited

speakers, and also to give absent students an over view of the

speaker´s topic. Ho wever, it acco mplished neither of these

tasks well while using precious lab time. An instructor led

discussion o f the topic wo uld ser ve the students better, and

all students, whether absent or not, are encouraged to do

their o wn readings on each speaker ´s lecture material.

T he other change to structure that we wo uld like to

implement is to increase the lab time fro mo ne hour to two.

T his wo uld allo wthe students to spend one hour wor king on

the programming assignments due for the regular section

while allo wing an hour for the special honors material.

Unfortunately, this change does not look possible under

current credit hour restrictio ns.

C ONCLUSI ON

We found that methodical organization is not mutually

exclusive with empo wer ment o f the student. A class can be

well structured and yet still allo w a large measure of freedo mfor the student to take control of learning. Our

initial and subsequent reaction to the E mpo wer ment for mat

was that with so me slight modifications we acco mplished

our goals. T hat is: generating enthusiasm; kno wledge;

interest in co mp uter science; and a better understanding o f

what co mp uter science reallyis. Manyco mputer science

majors realize that there is more to their chosen discipline

then just programming in their junior year. T his group of

honors students realized the same in their first semester of

college. After much analysis and changes in focus and

structure, we believe that we have developed a successful

honors course .

A CKNOWLEDGMENT

T he authors wo uld like to thank the referees for help ful and

insightful co mments.

R EFERENCES

[1] Beer, R. D., Chiel, H. J., and Drushel, R. F., ^Using Autonomous

Robotics to Teach Science and Engineering~, Communications of the

ACM , Vol 42, No 6., June1999, pp. 85-92.

[2] Ka y, D. G., ^An Honors Computer Science Seminar For

Undergraduate Non-Majors~, SIGCSE Bulletin , Vol 25, February

1993, pp. 141-144.

[3] Kestin, D. M., Kosoresow, A. P., ^Heterogeneous Populations and

Tracking in IntroductoryComputer Science Courses ~,

http://www.columbia.edu/~dmk34/cs-ed , 6/14/2001.

[4] Wills, C. E., Deremer, D., McCauley, R. A., and Null, L., ^Studying

the Use of Peer Learning in the IntroductoryComputer Science

Curriculum~, Computer Science Education , Vol 9, No 2., August

1999, pp. 71-88.

[5] Wills, C. E., Finkel, D., ^Studyof a Group Project Model in Computer

Science~, Proceedings of the ASEE/IEEE Frontiers in Education

Conference , November 1997.