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1 Overview

Our NSF CPATH (CISE Pathways) project was callelE: Extending Contextualized Computing in Multiple Insti
tutions Using Threader simply“Threads”. The primary goal of the project was to adapt Threads-bagedalum

in multiple computing departments, following the model eleyed by the Georgia Institute of Technology (Georgia
Tech) and implemented starting in Fall 2007 [1]. The exmbpt®jected outcomes were a set of lessons learned and
accompanying recommendations, advising tools and ewatutgchniques that could be used by other departments
interested in adapting Threads-based curriculum. Gedggih handled the evaluation component of the project, while
four other universities focused on the adaption of Threadseir computing departments:

e Armstrong Atlantic State University (AASU),

e Kennesaw State University (KSU),

e Southern Polytechnic State University (SPSU), and
e Brooklyn College (BC).

The first three, above, as well as Georgia Tech are all patielUniversity System of Georgia (USG). The last,
Brooklyn College, is part of the City University of New YoriCUNY).

This final project report summarizes the activities thatusged during the lifetime of the project and focuses on
the efforts at Brooklyn College. The Principle Investigdiar the Brooklyn College component of the project was
Professor Elizabeth Sklar (PI). The Co-Pls were Professerald Weiss and Ira Rudowsky, also of Brooklyn College.

Three types of activities were undertaken in the projectrabBlyn College:

e Intra-Team Collaboration
e Local Threads Adaptation

e Local Data Analysis

Each is described in a separate section of this report.



2 Intra-Team Collaboration

This section highlights Intra-Team Collaborations thaktplace during the course of our CPATH project. There were
meetings in January 2008, July 2009, January 2010, March aad July 2010. Details of these meetings can be
found in the project’s annual reports for 2008, 2009, and)201

This section provides a brief summary of all meetings. Thérpics of the meetings included progress adapting
threads to each campus, evaluating progress, and progsetdination efforts.

Year 1 (October 2007 — September 2008):

A kick-off meeting was held in January 2008 at Georgia Tectafbproject partners. Sklar and Weiss attended this
meeting and presented information about the situation@diByn College, our plans for the project and the difficidtie
that we anticipated for implementing Threads at BC. We iteje that our biggest difficulty would be in convincing
all faculty members in our department (Computer and InfdimnaScience) to support Threads. Any curriculum
changes in our department need to be vetted and recommendee bndergraduate Curriculum Committee (UCC)
and then approved by the full faculty, by majority vofhis prediction was true, and ultimately stood in the way of
implementing a full-scale Threads curriculum at BC.

Year 2 (October 2008 — September 2009):

A second project meeting was held in November 2008, in cation with the CPATH Pl meeting in Washington.
Sklar attended this meeting, at which project team membgdated each other on their activities. These primarily
consisted of the initial development of Threads proposaleach campus. A third project meeting was held in
July 2009 at Georgia Tech. Sklar attended this meeting. dhewing topics were discussed: project evaluation,
planning for future funding, planning a workshop to disseaté project results, and submitting a paper to the SIGCSE
conferenceThe workshop was held in July 2010. The SIGCSE paper wagedjec

Year 3 (October 2009 — September 2010):

An informal project meeting was held in January 2010. Ther&infthe lead institution (Charles Isbell) and BC PI
(Sklar) attended the CPATH “Rebooting Computing” meetidgfourth project meeting was held in March 2010
in Washington at the CPATH PI meeting. A PI and/or Co-Plsratéel from each collaborating institution. Sklar
represented Brooklyn College. The fifth project meeting tvasl in July 2010 at Georgia Tech. This meeting was a
workshop that included non-project partners as “Listehéige discussed the experience of trying to adapt Threads
on different campuses, and what each group learned fromdkpériences.

No-Cost Extension Year (October 2010 — September 2011):
There were no project meetings during the no-cost exterygan

In summary, the adaptation of Threads progressed diffigren¢éach campus. The annual and final reports of the other
project institutions detail their progress. None of thditnfons was able to implement a full Threads curriculus, a
was done at Georgia Tech. One institution was able to impi¢raescaled-down version. All of the institutions
found that factors such as lack of buy-in from other faculigk of support from higher-up administration and lack
of resources to teach an expanded curriculum stood in theofvayfull-scale implementation of Threads. The next
section describes the situation at Brooklyn College.

All the evaluation funding was held by the lead institutigbeprgia Tech). Their team focused on evaluating the
Threads effort at Georgia Tech and assessing the progrémsaillaborating institutions. Their evaluation repoatsw
released in Fall 2011.

Dissemination has been a difficult topic to discuss, sineestitcesses were minor compared to what was envisioned
when the project began. We all thought that implementing@tis on our respective campuses would be just a matter
of working out the logistics, and did not foresee the pdditiand budgetary battles that would need to be fought,
many of which were lost or out of the control of the project.PT$he lessons learned were, in part, specific to the
peculiarities of particular institutions. Thus it has befifficult to draw general conclusions from the experienceé an
produce reports to disseminate that would be useful to sther



3 Local Threads Adaptation

This section presents the process undertaken at Brooklilegedo introduce Threads.

In the first year, we developed a preliminary proposal forlementing Threads at Brooklyn College and presented
this to our Undergraduate Curriculum Committee (UCC) int8eyer 2008. Feedback was received and used as
input to revisions developed in the second year of the ptof@ee of the unanticipated difficulties we encountered in
developing this proposal was the juxtaposition of this newviculum proposal with the university’s approval of two
new degrees within our department which had been proposedadgears earlier and had finally made it through the
complete approval process (which starts at the departirlenéd and ends with state approval in Albany). The two
new degrees are a BS in Information Systems (IS) and a BS itilvedia Computing (MC). This made the prospect
of Threads more complicated because we need to supportdbgeees (BS in Computer Science (CS), in addition to
the two new ones) while still proposing a coherent Threadsadum.

In the second year, two revised Threads proposals werermegs® the UCC. The third such revision was taken to the
full faculty for feedback. Discussion was heated, and ama vote was not taken. A new department chair and new
UCC chairs were elected at the end of the second projectVkay. did not wish to make major curricular changes too

soon after the new revisions that went into effect as of Fali@(including the two new degrees, Information Systems
and Multimedia Computing).

Another difficulty is that the CS and IS degrees only have tdwaaced electives; the MC degree has three. The
UCC has been unable to find agreement amongst members to pjka degrees more and drop some of the core
requirements, which is necessary to allow more of a Threadscalum. People argued that “Threads” requires
weavingtwo topics together, and that we would need to have at least th&leso that students could weave 2 courses
from 2 topics. This would greatly increase the number ofteles we had to offer, and our department cannot support
this expanded teaching.

In the third year, there was limited success in implemeniihgeads at BC. The central office for the university

(CUNY) mandated a new university-wide course numberingsad starting in Fall 2010. This required us to align

our course numbers based on topics, and we were able to takatade of the work done on the Threads@BC

proposals to organize our courses. We were still unable $s8 paTrhreads-based curriculum, but we were able to
develop a steady-state schedule of advanced electivealidyas courses so that students could choose their elsctive
from within a single Thread.

In the no-cost extension year, the UCC finally agreed thatowddcadvise students using the steady-state schedule and
suggest that they select their two electives from the sardeisary Thread”. At the time of writing, these advisory
documents are under preparation and should be voted on adyl teedistribute for Fall 2012.

Throughout the process, the following concerns were ifiedti

e Some faculty complained that the proposed structure wadiffavent from our current degrees. As mentioned
above, many faculty were concerned that we had already mspiéed multiple curricular changes and intro-
duced 2 new degrees since Fall 2006, and they were not antdangroduce more changes. Most CUNY
students do not complete their degrees within 4 years, amtramlucing too many changes over a short time
period means that we have students in the pipeline eaclwiolipdifferent sets of degree requirements. This is
confusing to both students and faculty advisors.

e Other faculty complain that the proposed structure is taular to our current degrees, and they would like to
see a Threads curriculum that makes sweeping changes tejlaetishent’s degrees.

e Everyone agreed that the idea of introducing Threads shmufddvisory”, so students should be able to com-
plete the current majors if they want, without taking anyddds. This means that any definition of Threads has
to either be made with the current major as is, or has to iraatp changes to the current major, which have to
be approved by the full faculty. This is a significant hurdle.

e There is concern about having software to support advigingtiidents. A student at BC worked with Sklar to



build a prototype “Four-year Planner”. The Georgia Technabeveloped software called “Threadspace”, but
as of this writing, this application was not adapted to otteanpuses.

e There is a need for advising documents for advisors, faeult/students. As of this writing, the documentation
describing “advisory threads” is being prepared and wilifserted into the “Undergraduate Advice Brochure”
which gets distributed to students each year. This is quatied for Fall 2012.

4 Local Data Analysis

This section describes the efforts that were undertakemakB/n College to analyze and visualize enrollment data
that is available locally. Gaining a deep understandingesfds in enrollments is helpful in preparing for curriculum
change and in evaluating the effects of such changes aéggthinto place. Development of a robust set of enroliment
data analysis and visualization tools could be useful ferdhtire project team, as well as wider dissemination in the
future. Given the myriad data collected by today’s collegmpuses, the reporting of enroliment data can include
not only numbers and demographics of students who majorhijests of interest, but also analysis of relationships
between demographics, performance and enrollment tremdsination of groups of courses taken sequentially and
groups of courses taken in combination.

In the first year of the project, in anticipation of encouimgithe difficulties mentioned above (convincing all fagult
members to support Threads), we undertook a significantahetiysis project examining in detail the enrollment data
for students taking computer science courses at Brooklle@osince Fall 2000. The BC administration provided
us with this data large data set, and our strategy was to esahistorically the enrollments in our courses and
determine the interests of students in order to take theseconsideration when designing our Threads. This led to
the development of a database of enrollment data and thgrdefa software tool for analyzing and visualizing these
data.

In the second year, we prototyped a suite of five analysis andhlization tools, interfaced with the database created
in the first year of the project. Several applications wereetigped as independent tools to view and examine the
database in different ways.

In the third year, effort shifted to combining the standre@rototypes created in the previous year into a single
application and experimenting with innovative ways to ei&ze the data set.

In the no-cost extension year, the remaining effort was tsqgiming the prototype and preparing it for dissemination
via the project web siteh¢ t p: / / agent s. sci . br ookl yn. cuny. edu/ f 1 or a).

The remainder of this section gives a brief tour of the psgietversion of Flora.

4.1 Flora
The Flora visualization comprises two tools for studyinpaxs of students:

(a) the Garden tool, and

(b) the Dandelion tool.

The Garden tool presents a zoomable interface for examamisiggle snapshot in time, across a range of selected
dates. This view is intended to allow the user to compare énfopnance of student groups, filtered by selecting one

of several pre-defined sets of courses. The students ateyksiin gender and ethnicity subgroups. For example, one
could take a snapshot that shows the performance of studdotsook CS1 in Fall 2003 (Figure 1a). The snapshot

highlights the differences between the performance ingbatester of different demographic groups. One could then
take another snapshot, say of CS1 in Fall 2008, to examindiffieeences. (Figure 1b). The metaphor for the Garden

tool is the idea of flying over farmland where one can look tietwindow and see fields in which different types of



crops are growing. The differences from one field to anothevisible, even from the air. We have defined 5 different
zoomable view levels. At each level, the cohort of studeetadstudied is divided into 10 groups, based on gender
and ethnicity.

The Dandelion tool presents a perspective view over a seguehsemesters, filtered by selecting one of several
starting points, where a starting point is defined by a paldiccourse/term combination. This view is intended to
allow the user to compare the effect of a particular courseséd of courses) on students’ future trajectories. For
example, one could look at what students took and how thefpymeed after taking CS1 in Fall 2003 (Figure 2a).
One could also look at the same view for students who took @S3all 2008 (Figure 2b). The metaphor for the
Dandelion tool is the idea of flower seeds spreading, blowthkeywind from the originating flower, moving on to
spawn new flowers. The leftmost column of the Dandelion vieonss the originating flower, represented by the term
of interest. Subsequent terms are represented in columvisigio the right. The originating flower represents each
student belonging to the cohort being examined, i.e., tinestts who were enrolled in the course and term selected.

Each tool allows selecting of various cohorts of studenish&s all students who took a certain course, or students who
took particular sections of that course. This is useful funparing the effects of interventions that were impleménte

in particular sections. An example is shown in Figures 3 ankh4oth figures, the top view shows the performance
of students in all sections of CS1 from Fall 2006 through i&p£2008; the bottom view shows the performance of
students in special sections of CS1 in which an interventias implementeld The first figure (3) illustrates the
“summary” view, where the block for each of the 10 demogreggmoups is color-coded according to the average
grade over all the students in that group. The second figQitugtrates the “dots” view, where there is a color-coded
circle for each student, placed in the appropriate 10th effidd, according to demographic group, and color-coded
according to the student’s grade.

The next series of figures (5 to 9) examine the Garden tooéptid

The most abstract view is the “summary” view (Figure 5). Tdppears as 10 blocks, each color-coded to the average
grade for all students in that block. The grade is computdti@average of all CIS courses taken by students in that
group during the time period of interest. This view illusésithe relative grades for students in each gender/ethnici
subgroup.

The next zoom level is the “dots” view. This view is also deitlinto 10 blocks, the same as above, but each block is
comprised of circles of different colors. Each circle reganets one student. The color of the circle represents tiat st
dent’s average grade for CIS courses taken during the timedoef interest. This view illustrates the relative number
of students in each gender/ethnicity subgroup as well agréde distribution amongst students in the subgroup.

The next zoom level is the “full” view. This view also dividése cohort into 10 subgroups. Instead of circles, each
block is comprised of a flower-like shape with petals. Thalsaetepresent individual courses taken by each student
within the time period of interest, and the color of the petgiresents the grade that the student earned for that
course. The “full” view is sized proportionately so that stildents in the cohort are shown; but this may mean that
the individual flowers are quite small and hard to see. Motaibie revealed in the two further zoom levels. But even
at this zoom level, an abstract impression of the numberuafestts in each subgroup is visible, along with the grade
distribution in that subgroup and even the grade distrilmutor an individual student (i.e., if all the petals on a give
flower are the same or different colors).

The next zoom level is the “compare” view. This allows themee to see the details of each flower that may be hard
to see in the full view, if there are many students to displdithe students will probably not be visible in one screen
at this zoom level, but the user can drag the display with tbasa, much like moving around a map in Google maps,
in order to look at all the students.

The final zoom level is the “extreme” view (Figure 9). Thisoalk the viewer to see each flower in complete detalil.
Only about 32 flowers can be seen at once (depending on thefsjpeir browser window). There are two different
flower shapes, one for each type of cohort. The “all” cohovtépis like a daisy, with petals arranged around a center.
The center of the flower is the average grade over all the pefithe size of the petals varies with the number of
courses taken by the student, so one can easily tell how ntanmges a student took.

1The intervention implemented was part of another NSF ptoRfeC-DP: Building a Bridge in Brooklyn#05-40549.



However, this view does not indicate which courses werertakaly how many. If the “only core courses” filter is
selected, then each student is represented by a flower gehbdes an abstract tulip, with petals growing up from
the bottom (Figure 10). Each of the 10 courses in set of csuesguired by all CIS majors (i.e., the CIS “core”) has
a fixed position in the tulip. The bottom petal representsttr@ductory programming course. The next two petals
above represent advanced programming and data structureses.

Finally, Figure 11 highlights the options that the user oglec with the Garden tool. The user can filter the courses
shown by selecting terms within a range and pre-defined $&tScourses. The user can also indicate which view
should be displayed.

The next series of figures (12 to 15) examine the Dandeliohinedepth. In all views, the leftmost column shows
the cohort selected by the user (i.e., the students who wedled in the course and term selected). Each student
is represented by ar, color-coded according to the grade they got in the coursevihg to the right shows what
courses the cohort took subsequently and how they didtriitisg both the number of students who continued and the
spread of different courses they took over time. Each rowérdisplay is labeled with a course-name abbreviation

Figure 12 shows the “random” view, in which thés for each student are arranged randomly.

Figure 13 shows the “orbit” view, in which the’s for each student are arranged in a pattern orbiting in eotrc
circles around the center. The top view (a) showsstfesorted from high grade to low grade; the bottom view (b)
shows the oppositex’s sorted from low grade to high.

Figure 14 shows the “spiral” view, in which the's for each student are arranged in a pattern spiraling ont the
center. The top view (a) shows thes sorted from high grade to low grade; the bottom view (b)ehthe opposite:
x’s sorted from low grade to high.

Finally, Figure 15 shows the “bubble” view, in which the stk are not shown individually, but are aggregated into
a single circle for each flower, color-coded according todaterage grade over all the students represented by that
circle.

Finally, Figure 16 highlights the options that the user calea with the Dandelion tool. The user can select the
starting course (a) and term (b). The user can also indichighwiew should be displayed.

The Flora system was designed to be adaptable to other data Adoolkit is available on the project web site,
instructing others how to set up a database with their ownlienent data and use the tool to view their data. The
system uses a client-multi-server architecture, whereal#tte can reside on a different server from the visualization
engine; i.e., the system interfaces a data server, a vistialn server and a client. The toolkit also includes a sufite
utilities to test the connections between the user’s dambad our visualization server.

The system is in an “alpha” development stage, and ready tiedied by others using their own databases. We
hope that development will continue, funded through othiejgets. The documentation will be released as technical
reports, and publications are being prepared for submmgsiconferences and a journal.

20s = operating systems, arch = computer architecture, tleeryhdm = discrete math, cs1 = introduction to programmisg, = advanced
programming, cs3 = data structures, oop = object-orientegramming, swl = software applications part 1, sw2 = safivegplications part 2
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5 Summary
The major findings from this project, at Brooklyn College revas follows:

1. The overall failure to adapt the full Georgia Tech Threadsiculum at Brooklyn College is finally due to the
following combination of factors: (a) the resistance of @€ department to lessen the number core computing
courses (allowing for at least 4 electives so that studentkichoose from 2 Threads); (b) the resistance of the
CIS department to make another curriculum change so clotiedmeels of changes that went into effect in Fall
2008 (changes that were underway before the arrival of tBRjrant); (c) the changeover in departmental
leadership in Summer 2009, which resulted in a differento$etiorities (other than curricular change) taking
precedence in the department; and (d) the budgetary cugllaakoccurred in 2011, which makes it impossible
to consider curriculum revisions that would expand theheagrequirements of our department.

However the implementation of a Threads-based steady-stitedule and Advisory Threads for advanced
electives for CS majors can be seen as a small victory.

2. Our local data analysis showed the basic trends in enealisnover a 10-year period. We found that there is
a significant set of data that can be analyzed to gain bettigratanding of the reasoning behind these trends.
As such, we focused our efforts on development of data aisadysl visualization software that would support
examination of multiple factors, to look for correlationsdacauses of trends. The factors include demographic
information (gender, ethnicity, transfer status) as welheademic information (year in program, course pool).
Our prototype software tool is callddora and can be viewed on our project web site:
http://agents. sci.brookl yn.cuny. edu/fl ora.

3. Three workshop papers and one technical report were pealdusing the support provided by this project
[5, 3, 4, 2].
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