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Empowerment to Success: The Class Structure in an Honors Engineering Cour se

Frederick C. Harris, Jr.}, Nancy LaTourrette?, Yaakov Varol®

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 [7 honors, student empower ment, CS1

INTRODUCTION

In 1997 the Department of Computer Science was
approached by the Honors Program to develop an honors
sedion of Introduction to Computer Science, or CS1. The
goa was to have this sdion open to al students in the
honors program without regard to major. Becaise of
resource limitations it became necessary to integrate this
sedion into the regular ledure murse drealy structured for
Engineeaing students. Our challenge was to structure the
sedion to justify honors credit and captivate these students
while & the same time not overwhelm the non-Engineeaing
students and not place a&tra strain on the aaite shortage of
teading staff [3].

The CS1 classis dructured as a three cedit semester
long course. The ledure is three hours a week with a one
hour weekly lab. In all sedions, including honors, the
students complete deven weekly programming assignments.
The semester culminates with a three week individua
programming projed that utili zes the mncepts leaned over
the course of the semester.

Since the honors ®dion was creaed in the fall of 1998
there have been four different course formats. The murse
structure has changed significantly from offering to dffering.
Asthe structure has evolved the level of student involvement
has incressed. We have found that there exists a dired
correlation between this increased level of involvement
(i.e., empowerment) and the students perception of, and
hence performance in the dass This is smilar to the
relationship found in [1].

In this paper we present some details of the four
different course structures. In addition, we report on how
the empowerment manifested itself in the dedsion process
of the most recent offering. Finaly, we aldresswhat form
future honors sdions of CS1 may be like based upon our
observations and the student eval uations of the curse.

HisToRrY | — WEB DESIGN

Although initial contact from the Honors Program came in
late 1997, the dedsion by the department to instantiate the
course did not come until days before the start of the fall
1998semester. Therefore, the structure of this first iteration
of an honors edion was ad hoc & best.

A Teading Asdstant (TA), with expertise in web
design, was assigned solely to this dion. The primary
focus, therefore, of this first round of course design was to
tead the students web design. The web element of the dass
was in addition to the regular lab assgnments of the other
sedions. The alditional work required of the students was
compensated for by increasing the weekly lab from one to
two hours. Because the thought was that this was not
computer science “enough”, the students were dso required
to attend several colloguium hosted by the department.
When the TA, due to an emergency, left in the midde of the
semester, the focus of the sedion shifted solely to
coll oquium attendance becaise we culd not replacethe web
design instructor by an equally qualified TA.

Our preliminary thoughts regarding this course design
were negative. The murse structure had several problems.
One, the information was coming from a single source and
when that dried up the section faltered. Seoond, adding web
design, while maybe timely and interesting to the students,
was not rigorous enough for an honors dion in computer
science Lastly, while it was appropriate for the students to
be exposed to advanced computer science subjeds through
colloquia, by not augmenting the talks with badground
and/or supplemental material the students tended to be
exposed to the topics but developed little or no
understanding and appredation.

HISTORY Il —LEGO MINDSTORM

Due to the scheduling time line the second iteration of the
honors sdion in spring of 1999 was agreed to before the
first round was a week old. Therefore, we atempted to
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address the percaved shortcomings of the first semester
without a proper and timely analysis of the isauesinvolved.

An assistant professor in the department receved a
grant to integrate the leaning of programming through
robaics. He ayredl that sponsoring the honors sdion of
CS1 was an appropriate vehicle to carry out his reseach.
This ®mester’s honors edion was limited to ten students.
The grant bought two Lego MindStorm roba sets, and
subsequently the students were split into two teams. Again,
the students work with the robats was in addition to their
reguar lab assgnments and the weekly lab hour was
increased to two hours.

The teans designed, built, and programmed the robas
to ded with increasingly harder problems. They began with
simple movements, incressed to light sensor readings to
follow a painted line, then progressd to obstade avoidance
The almination of the semester was team competitions.
The two robatics teams competed with ead other and
against teams from the Mechanicd Engineeing department.

At the beginning of the semester the initial resporse of
the students was positive — they saw it as fun. But this
quickly degraded as they redized the vast amount of time
needed to design and implement their tasks. In addition,
because the entire semester was team oriented the students
complained about the logistics of getting large teams
together multiple times per week.  This negativity was
mitigated somewhat at the end of the semester by the
excitement of the team competitions. The positive dfed
was predicted in [1, 4] because the students saw the benefit
of their group work.

We were more pleased with the results of this iteration
of the honors sdion but still had major concerns.  The
focus was more gpropriate to a computer science dassthan
the web design basis of the previous mester but we were
uncertain whether the leaning was noteworthy. In
particular, whether the students acdually leaned more
programming from this hands on experience than the
regular labs provided. In addition, the proper team dynamics
(i.e., leadership) and reinforcement of what they learned was
ladking.

HISTORY Ill - MENTORING LEGO

The summer of 1999 was used as a time to analyze ad
evaluate the results, and more importantly the pros and cons
of the structure of the honors lab using the Lego robas. We
felt that although the faaulty member’s involvement assisted
the process the students wandered aimlessly in their team
projeds due to the cntent and structure of the lab. To wit,
the group dynamics became amajor isaue. Generaly, the
students who understood the acaemics of the lab were not
the natural group leaders. The leaders then became those
who could lead but did not have the aility to dsed and
analyzethe material properly.

With this in mind, we dedded to use exceptiona
students from the previous course & mentors for the new
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sedion. The mentors goals were to provide experience and
diredion. This sould have enabled the groups to spend less
time on ancill ary problems, such as building the robds, and
more time on learning programming skills [5]. To med this
goal the sesdon was structured so that the mentors met with
the teams during lab time, as well as arranging and
oversedng additional group medings as needed.

What resulted was too heavy of areliance on the student
mentors to provide guidance Since the mentor's
involvement was purely voluntary, with no financial
compensation or acalemic credit receved, the mentor’'s
enthusiasm waned as the semester progressed and their own
work load increased. Therefore the robas got built and the
software written but somehow the processturned tedious for
students and mentors alike. Although no grade was given for
the extra honor’ s work there was a distinct drop df in grades
in the regular lecure and lab work by the honors dudents.

This smester turned out to be the least valuable to the
honors gudents, in addition to pcssbly being a detriment to
their outlook and interest in the wurse s awhde. We aain
felt that a significant amount of time was spent on the design
of the robas without the benefits of an increased
understanding of programming. This coupled with the
reliance on mentors and everyone's lack of enthusiasm led
us to believe that we needed to revamp the eitire gproach
to the honors sction of CS1.

HISTORY |V — EMPOWERMENT

With the entire yea and increased resources avail able, we
were &le to completely analyze ad overhaul the structure
of the honors sdion. We evaluated several fadors,
including content, goals, time and resource demands, and
student feedbadk.

We set the structure based on three main areas: invited
taks, a portfolio; and a team reseach projed and
presentation. The first half of the semester was focused on
invited talks and the second half of the semester focused on
the projeds. The last three weeks of the semester were
dedicated to the regular final projed that was assgned to all
the CS1 sedions. The portfolio addressed the reseach of
the spedkers and the evaluation of the murse, and therefore
was prepared over the course of the semester.

Instead of relying on the departmental colloquium
series, we invited departmental faculty, outside reseachers,
and undergraduate seniors to speék to the dass The seven
spedkers were asked to talk about a computer science subjed
that was general enouch in scope to apped to freshman and
a diverse group of majors, but with sufficient technicd
content to expose the students to computer science subjed
matter and reseach. The departmental faculty talks were on
Cryptography, Computer Vision, and Neural Networks. The
two outside speakers, bath entrepreneurs, presented research
and development of their companies products, one on
Biometrics and the other on Computer Vision. Two senior
level computer science students talked about their summer
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internships. One of the students gave a formal presentation
on wirelesstechnology (Blue Toaoth) based on his work with
Agilent Tedhnologies. The other student presented an
overview of his work in Japan on Beowulf clusters. To
introduce an element of discussion and disedion of the
spedkers themes, every week a ten minute summary was
given. On arotating basis, three students were required to
give the summary of the topic presented the previous week.

The portfolio consisted of two sections. The first
sedion was a summary on ead ledure presented by the
invited speders. I the students had missed the presentation
or were not able to generate enough notes from the talk they
were encouraged to substitute a summary based on their
outside realings of the topic. The send sedion was an in
depth discussion of the structure of the honors sction and
their perceved notion of what they leaned over the
semester.

The second half of the semester was dedicated to the
student team projeds and presentations. The students were
broken up into groups of four. The teams were chosen based
on discipline. Approximately half the dasswas computer
science mgjors. The other ten students came from eledricd
engineaing, civil engineaing, mechanicd engineaing,
biochemistry and the liberal arts. The distribution of majors
allowed us to set up groups with two disciplines represented
on ead team. We acomplished this by putting two
computer science majors in each group and then clustering a
spedfic major with the other two team members. For
example, one team had two computer science students and
two mechanicd engineaing majors whil e another team had
two computer science majors and two hiochemistry students.
We thought by structuring the teams this way a natural
subjed would emerge for the group presentations.

The requirements for the student presentations were
simple, similar to the organization described in [2]. Eadc
team had to give a PowerPoint presentation, in which all
members of the group participated. The presentation had to
be gproximately thirty minutes in length. The students
were dlowed, in fad encouraged, to pick any computer
science related subjed that they were interested in. The
topics were not required to be the same & those presented by
the outside spe&ers. The week after the initial team
meeding, each team was required to submit in writing a
rough outline of the aeas to be wvered. The only advice
the instructor gave regarding the outline was on the scope of
the subjed proposed by the students.

EMPOWERMENT VS. STRUCTURE

Even though the murse was dructured, the students were
given freerein and complete freedom to choose atopic for
their group presentations. Our hope was that if they choose
a subjed they were interested in, whether the interest was
generated from the invited talks or from their own readings,
that they would spend more time and go to greaer lengths
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and depth to research and present their material. We found
thisto betrue.

We aticipated that the structure of the teams by
disciplines would automaticdly creae topics of interest.
But, the presentation aress that the students sleded were
not as discipline spedfic as we expeded. Nevertheless, al
the topics chosen were gpropriate to a computer science
honors sdion. Since the students were not provided
detail ed instruction on the mntent of their presentations, our
general expedation was that the students might do a
superficial coverage of the materia. However, we were
surprised and pleased at the range of topics picked and the
level of complexity and self-motivation exhibited by the
students. Only one of the team’s topics coincided dredly
with an outside presentation done ealier in the semester and
that was a subtopic of Cryptography. However, the students
did not rely on the materia provided by the faculty speaker
but in fad investigated and researched new material.

The other presentation subjeds were: The Seach for
Extraterrestrial Intelligence (SETI); DNA supercomputing;
NASA's Interplanetary Network; and Digital Imaging. The
SETI group introduced concepts of probability, radio
telescope arays, and an in depth coverage of distributed
computing and its applications. The DNA supercomputing
group presented topics as diverse as bodean logic, paralel
computing, computational complexity, and then procealed
to use them in a complete analysis of the alvantages and
disadvantages of DNA versus slicon chip computing. The
Interplanetary Network “Media” group covered networking
protocols, high bandwidth tednologies, wireless
communicdion, as well as parallel procesing. The Digital
Imaging Group, while the least theoreticd, still addressed a
large number of relevant computer science subjeds, such as
pipelining and architedural design, OpenGL and graphics.
In addition, they mentioned such ares as distributed
computing, and operating system requirements.  The
Cryptography group covered an in depth discussion of
Bodean logic, algorithms, and theory of encryption. This
subjed was not treaed trividly as the students aso
attempted to delve into and explain NP-completenessas part
of their presentation.

STUDENT EVALUATIONS

During the semester of Empowerment, due to credit hour
restrictions, we auld not enforce arequirement of an extra
lab hour for the honors gudents. In the previous offerings
we were providing two hours of laboratory time. Previously,
in the first hour the students could do their regular lab
assgnments, required of all sections. In the second hour
they could engage in the speda adivities asociated with
the honors sdion. Eventualy credit hour regulations
caught up with this arrangement and we uld not enforce
the requirement of an extra lab hour for the honors gudents.
Asit turned out this may have been the biggest downside to
the Empowerment structure. In their evaluations of the
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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 talkg/presentation structure was their ability to
develop an urderstanding of what computer scienceis. As
one student wrote “... it gave me aglimpse of the aray of
applicaions of computer science”. Another student put it in
more straight forward fashion saying “I never knew that
Computer Scientists could go into some of these fields... |
thought all they did was program stuff”.

One of the students took two dfferent semesters of the
Honor's sction. The first semester was the Mentoring Lego
round, the structure with the student mentors, the second
time was the latest course iteration. His evaluation of the
Empowerment semester was especially valuable because he
compared the structure and content to his Lego class. He
commented that “The structure of the honors dion was
very methodicd and well-kept compared to last yea.” He
also said that he felt the portfolio and presentations were
more interesting and informative than the Lego labs.

Our hope that the newest structure would also excite the
students about computer science was evidenced by a student
comment that he particularly liked the Cryptography sedion.
He went on to say that after discussions and his presentation
he became very interested in this topic and hopes to study it
further.

FUTURE FORMATS

For the next offering of a CS1 honors sction we will make
dight modificaions to the arrent structure. However, the
current focus of the course on a variety of computer science
topics proved to be satisfadory and thus will stay the same.

The major change to structure will be the dimination of
the ten minute group summaries presented at the beginning
of every lab period. This originally was designed to
reinforce the subjed matter presented by the invited
spedkers, and also to give absent students an overview of the
spesker’s topic. However, it accomplished neither of these
tasks well while using predous lab time. An instructor led
discussion of the topic would serve the students better, and
al students, whether absent or not, are encouraged to do
their own readings on each sped&ker’ s lecture material.

The other change to structure that we would like to
implement is to increase the lab time from one hour to two.
This would alow the students to spend one hour working on
the programming assgnments due for the regular section
while dlowing an hour for the speda honors material.
Unfortunately, this change does not look possible under
current credit hour restrictions.

CONCLUSION

We found that methodicd organizaion is not mutually
exclusive with empowerment of the student. A classcan be
well structured and yet still alow a large measure of
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freedom for the student to take control of leaning. Our
initial and subsequent readion to the Empowerment format
was that with some slight modifications we acomplished
our goals. That is. generating enthusiasm; knowledge;
interest in computer science; and a better understanding of
what computer science redly is. Many computer science
majors redize that there is more to their chosen discipline
then just programming in their junior yea. This group of
honors gudents redized 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.
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