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1 Background

In the context of steeply declining enrollmentdJj8 Computer Sci-
ence education [7], our group is developing cutaicumodules for
Introduction to Computer Science (CS1) classeshithvrobots are
used as educational tools to motivate studentstadplications of
Computing. The CS1 class is traditionally taughtthe United
States as an in-depth introduction to the art og@mming from
primitive data types through control structures atgects, ending
with arrays and exceptions. It is not designe@ &soad-based in-
troduction to Computing; students practice compmuticoncepts
through implementation in a real-world programmiagguage.

We strongly believe that robots can be an ingretdin the solution
to the retention and diversity problems plaguinged@cation. Ro-
bots have been used in a number of contexts tdeegtudents to-
wards further study in STEM (Science, TechnologpgiBeering
and Mathematics) fields. Robots have become popodds in tra-
ditional CS1 [1] and CS2 [4] courses, with new tegdbgies [5]
enabling high functioning robotics at low cost. @arnegie Mellon,
a student taught course in which programming rddabtaviors and
creating robotic art are the main activities atsawarly half its stu-
dents from the humanities, business, and art ssii6pl

To ensure that our curricular designs are grodndecurrent CS1
classroom realities, we embarked on an extensimgegwf educa-
tors at two and four year institutions. We wergpined by the Taul-
bee survey [8] and the McCauley and Manaris [3Hliss; but our
aims differed from these — instead of a broad hdsegely quantita-



tive analysis of the state of Computer Science &iilut, we were

interested in analyzing the attitudes, opiniongl anallenges faced

specifically by CS1 educators. Our study soughariswer ques-

tions that were best asked in the context of agpalsnterview, and

best analyzed through conceptual code-based duaditanetrics.

The foundational questions which we sought to answaduded:

* How do CS1 instructors feel about the effectiveredgbieir cur-
ricula, both in teaching students and in motivatimgm?

» To what degree are instructors able to make cuarahanges?

* What are the typical dynamics and logistics of 4 C8urse?

* What tools and programming languages do instruatoreently
use and what is their relative popularity?

» Are instructors interested in using robotics asahing tool?

* How do the classroom realities exposed by the pteviques-
tions inform methods for introducing new educatidoals?

2 Participants

120 educators were identified as currently teackigd at four year
institutions within the United States. Of thes®,123 responded to
an email request to participate in the survey. s€hgarticipants and
the institutions they represented were diverse v@sipect to gender,
professional level, public/private status of thévarsity, and size of
the university. A follow-on study was conductedtwiour educa-
tors at Pennsylvania community colleges to detegnifithese edu-
cators’ opinions diverged from those of the fouarygroup. Educa-
tional contexts differ significantly between two darfour year
institutions: American community colleges offerotyear degrees
and focus on skills and workforce training. In mamses students
spend one or two years at the more affordable camiyngollege
and then transfer to a university as a secondiat ylear student.

3 Analysis

The phone interview was composed of three main@estcourse
logistics, ability to modify the CS1 course/intdreas doing so, and



knowledge of and interest in robotics. The analgdithe interviews
was performed in three parts:

* A qualitative analysis was performed on open-engeels-
tions which sought to examine the frequency withciwha
concept was expressed in response to a given guesti

» Basic statistical methods were used to find thermeeedian,
and standard deviation of questions which resutteglianti-
tative answers: Five questions asked for intergesvto
place their opinions on a 1-5 scale, while anottzercerned
the total number of hours students should workhenctass.

» A correlational analysis was performed to deternifnthe
expression of certain opinions or characteristiesligposed
an educator to other opinions or characteristics.

4 Results From Four Year Institutions

The survey has provided us with a rich source td ¢tainform our
curricular design work. Only results which speatedly to the
foundational questions asked in the opening of flaiper are pre-
sented. A technical report with results for all sfiens and support-
ing materials [2] has been published to allow aemttensive read-
ing and review. Results fall into several categgrattitudes of CS1
educators about their curriculum; ability to charlge curriculum;
results concerning class logistics; programmingleges and edu-
cational tools; and attitudes specific to the usebotics.

4.1 Satisfaction and Empowerment

Educators were asked to rate on a 1-5 scale hotedxihey felt
their students were by the class, and how satishieg themselves
were with their curriculum. The mean answer fardsit excite-
ment was 3.24, while for teacher satisfaction treamwas 4.03.
More than 80% of the educators rated the levelatfaction with
their CS1 curriculum as 4 or better. These twngstwere corre-
lated to investigate whether a higher satisfactith the curriculum
corresponded to increased perceived student exaitemNo such



correlation existed; the satisfaction a teachetsfegth their CS1
curriculum isnot correlated with perception of student excitement.

In order to determine how empowered individuatractors were
by their respective institutions to make changethéx CS1 curric-
ula, we asked what the administrative process wasitiating ma-
jor changes, such as changing the programming &gegtand minor
changes, such as a change in the class scheduly.fdDr instruc-
tors were able to make a major change with a loigllef adminis-
trative oversight. The other 28 respondents listeriety of proc-
esses, all requiring approval from either all ot@& instructors, a
departmental curriculum committee, and/or an irgpedtmental
committee composed of faculty from all affected aléments. This
is not to say that CS1 educators are not able termobanges to their
courses — 22 respondents were able to initiate mainanges to their
course with no oversight, and an additional severevable to do so
with approval from their peer introductory coursstructors.

4.2 Time Commitment and Cost of Materials

The total weekly amount of time students are exqukbtt spend on a
CS1 class varies widely, but fits a normal disttidia with a mean
and median at 10 hours per week and a standardtoieviof 3.14
hours. In class time was fairly homogeneous wittminimum of
three hours, a mean of 4.39 hours and maximumxohaurs per
week. Time spent out of class was much more vangth a mini-
mum of one hour, a mean of 5.89 hours and a maxiofuld hours.
The location of out of class work was almost alwaypected to be
in a general computer lab or on the student's peisoomputer;
only three participants required their studentcamplete assign-
ments in a computer lab with pre-set hours (a ddske).

Educators were asked to rate the importance témahcosts such
as textbooks and software for their students amdtHeir depart-
ments on a 1-5 scale. With regards to the costtestudent, most
educators are very concerned with student costh, mare than half
rating a 4 or higher on the 5 point scale. Thewvans to the question
about departmental costs were highly varied, remtasg large dif-
ferences in the budgets of different computer sgatepartments.



4.3 Programming Languages and Teaching Materials

Of all respondents in the survey, 17 used Javaiséti C++, 3 used
C, 1 used Scheme, and 1 used Visual BASIC. Intiaddio deter-

mining the programming language, we also askedadrtswhether
they had changed the programming language or emmeat in the

last two years, and if they were planning to chaagguage and en-
vironment in the next two years. Nineteen eduesatid not change
and are not planning to change either the languageneironment.

Of those who made changes, three educators hasetkeswitched

to Java, and one has recently switched to C++.thénnext two

years, no Java instructors plan to switch languagesone C++ in-
structor is planning to do so. Java instructoemndy and in the
near future are more likely to switch programminyisonments,

possibly due to the proliferation of Java IDEs.

Instructors were asked about the divergence legtwieeir curricu-
lum and the ordering of lessons in their chosetbt®k. Eleven in-
structors diverged either a little or not at abrfr the text, eleven
used the text as a resource, assigning readingpm@idems, but
choosing in which order the topics were covered, @leven did not
have a main text for the class, relying insteadhstructor notes.

In a separate question, instructors imagined siebras to be plan-
ning a new CS course at the introductory level, amte asked
about the support materials they would need inraimeo so. 23 of
the 32 responses expressed a need for a main ¢éxtibaise for as-
signments, examples, and to provide a basic cooestmap. Inter-
estingly, instructors who do not currently use = t@ere just as
likely to desire one when placed in this hypothadtisituation as
those instructors who rigidly stick to the textbook

4.4 Robotics

We queried instructors’ views about the effectivsnef using robot-
ics as a teaching tool in their course. Of ther&ponses to the
guestion “Can you see ways in which robotics caudment your
current introductory CS course?” nine made wholbgifive com-

ments about the notion, 20 pointed out both pasiind negative
aspects of using robotics in their classes, andmade exclusively
negative comments. Robotics was not mentionetdrrécruitment



email, so we do not believe that there was a respbras. The most
common positive comments regarding robotics weeg thwould
improve student motivation and increase learning coycretely
high-lighting concepts. By far the most commonatag comment
about using robotics was that it was too time-camag. Other
negative comments about robotics were that it wagmsive, made
grading more difficult, constrained the programmlagguage, and
that hardware debugging might distract from leayr@s.

We also correlated the educator's views on raBotiith other
characteristics. At schools at which robotics sesrwere offered,
instructors were more positive about using robatgl the more fa-
miliar they were with the courses currently offeréte more posi-
tively they responded. Our most surprising coti@awas found
between the programming language used in the G&% @nd inter-
est in using robotics. The instructors using Saheand Visual
BASIC were both wholly positive about using robsfias were 7 of
the 15 Java instructors. By contract, instructeaching C/C++
were significantly more negative; the differenceaitttudes between
those educators teaching C/C++ and those teachwaywas statis-
tically significant despite the small sample. (peeaof 0.014)

5 Results From Two Year Institutions

For the most part, the responses of the commuwoitege instruc-
tors mirrored those of their counterparts at foearyschools. Al-
though not statistically significant due to therertely small sam-
ple, there were some notable and interesting dérergs:

* The average expected time spent on the class wal hmgher
(14.75 hours vs. 10 hours per week) at CommunitieGes.

* While educators rated student excitement at a airtélvel (3.38
vs 3.24), self-reported satisfaction was lower §&:8 4.03).

« Community college educators rated the price of nageto the
department as very unimportant. Student costs vegee as very
important by all four community college educators.

» All of the instructors stuck closely with their cden textbooks —
three said the syllabus mirrored the textbook dxacihe said
that it diverged slightly.



6 Discussion

Our results have provided tentative answers t@tlestions posed at

the beginning of this paper and feed into answersur primary

guestion — what methods and strategies should vwognm our at-
tempt to introduce a new educational tool into @&l curriculum?

Our conclusions can be split into those generatttoducing a new

educational tool and specific to introducing robote begin with

general conclusions:

* A major curricular change is difficult to implementquiring
buy-in not just from the instructor, but from thepértment fac-
ulty, and sometimes from other departments. Tablsuld
therefore be introduced with a curriculum that does deviate
from high-level concepts currently covered in tipical com-
puter science course. To minimize impact on thetiexy cur-
riculum, tools can be introduced through self-covdd curricu-
lar modules that cover a major course concept.

» Tools should not be tied to a new or relativelyerarogramming
language; not only does this require a major culaicchange
but few instructors are planning to change the @ogning lan-
guage they use. Support for either Java or C+edgsired for
widespread adoption.

* Any new educational tool must integrate into thesslsuch that
it does not significantly increase student workkad

* Given that most educators feel textbooks are inaporivhen
embarking on a significantly different curriculurhmay be use-
ful to either develop an accompanying textbook tfee educa-
tional tool, or choose a popular existing textb@oki develop a
modified lab manual to accompany the book. Thissigecially
important if the tool will be deployed at communiglleges as
well as four year schools.

Specific lessons relating to using robots in C&t ar

» Students must be able to work on their out of césssgnments
at home. This is not an impossible goal for a tigbimol — we
intend to meet this challenge through the usesfmalator. De-
pending on the cost of the robot, it may also b&sjde in some
venues to allow students to take the robots home.



* We are initially developing for Java, providing ascess to the
largest and most enthusiastic base of potentiaticbadopters.

* Materials cost to students is widely perceived asenimportant
than departmental costs, and so we do not belleteat robotics
class should require students to purchase a raflessiit is in
lieu of a similarly priced textbook.

Our survey has provided us with a foundational erpee base
from which to launch our curriculum design efforté/e hope that
this research can be of similar use to other aulrio and technol-
ogy designers interested in improving CS1.
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