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Designing Technology for Resour ce-Constrained Environments:
a Multidisciplinary Capstone Sequence

Abstract

In this paper we describe a year-long multidisogly capstone experience where students
engaged in designing and building technology taeskiproblems faced by populations in local
and remote resource-constrained environments. \gedesource-constrained environments to
refer to a range of conditions, including mateigsales such as limited electricity as well as
societal conditions such as low literate populaidResource-constrained environments provide
unique infrastructure, technical, and social caists that demand innovative design
approaches. The course described in this papdrupah previous, similar classes by bringing
together interdisciplinary teams of students prilpdrom the departments of computer science
and engineering and human centered design andesngig, who conducted fieldwork with
potential user populations to identify a pressimgopem, designed a technology to solve that
community-based problem, implemented a solutiod,araluated that solution. Students
worked on projects with real-world impact and gdinaluable experience with

multidisciplinary design and multidisciplinary teamork. Both sides gained greater appreciation
of the difficulties faced by their peers — thatdigork and software development are both often
unpredictable and challenging. Part of the couosd @as to provide students with difficult
enough collaborations that they would be introducetthe complexity of the workplace, an
element of instruction that is often difficult tohaeve. In this paper we describe the class format,
sample projects, and course outcomes based omsjuadgects and survey responses. The
course sequence is currently being offered forcarsdtime.

| ntroduction

Research on attracting and retaining students stgjtjeat educators should portray engineering
as a field through which one can contribute tosheial good. ABET, in turn, asks that we
provide our students with “the broad education ssaey to understand the impact of
engineering solutions in a global, economic, envinental, and societal context.Exposing
students to ways that technology is having an irmpalow-income regions and the developing
world is one mechanism for making engineering r@h\and showing its power to impact the
world positively. In this paper we describe a ykerg multidisciplinary capstone experience
where students engaged in designing and buildictint@ogy to address problems faced by
populations in local and remote low resource emwrents. While our primary goal in offering
this class is not tied to ABET guidelines, the daeiis certainly beneficial.

ABET also asks that we provide students with “amtgilio function on multidisciplinary

teams™. One of the strengths of the approach describéuismpaper is the deep collaboration
required by student teams. Throughout this yeag-lmurse, students from different departments
enroll for different credit levels, and they haweself-manage within their project teams to
appropriately distribute the workload, acknowleageying disciplinary contributions, manage
expectations, and ensure that deadlines are matidition, because the projects start with open-
ended ideation, engage real world populations,eamtwith an implementation and evaluation,
students are introduced to a range of expertiserdar for projects to be successful, project
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teams also have to discuss various kinds of skilknowledge who among their groups can
contribute in which ways, and negotiate the contrdns of several team members while
establishing an appropriate reward structure with&ir groups. This deep experience with
multidisciplinary teams is unique in the curriculimmour departments.

We have worked for many years to develop innovaghecational experiences for our students
that engage them with broad experiences that mBEfTAcriteria and prepare them to contribute
to their respective professions. In the followirapps we describe our latest attempt at such an
experience: a multi-term cross-departmental cowtssre students design and build technologies
for resource-constrained environments. We defiseure-constrained environments to refer to
a range of conditions, including material issueshsas limited electricity as well as societal
conditions such as low literate populations. Resewwonstrained environments provide unique
infrastructure, technical, and social constraihtd iemand innovative design approaches. In this
class, student groups implemented a variety ofuregsconstrained projects that forced them to
consider design challenges not encountered in pineifious engineering courses; this course
sequence also forced students to work in teamskizdienged their conception of expertise and
relevant skill setsThe strengths of our approach with this classas ittrequires students to

work on group projects that (1) contribute to tbeial good (if successful), (2) force them to
explore local and global impacts of technology,di®e them experience working on
multidisciplinary teams, and (4) work under uniglgsign constraints.

Related Work

There is a long history of interest in incorporgtprojects that have a positive impact on society
into engineering courses via service learrfingBenefits of service learning include providing
opportunities to build stronger relationships betwéhe university and the community and to
attract students to the field through the contéxirojects that have a positive impact on society.
While not all projects in our course went on todectly deployed in the communities for

which they were designed, we still saw studentgedrby an interest in using their design and
implementation skills to enable social benefits.

Others have sought to motivate students by thepocation of open-source humanitarian
projects® and assistive technologiéinto senior capstone design courses or as indepéend
study projects. Colorado School of Mines offerstartdnitarian Engineering min8r Socially
relevant projects are seen as a good fit for ttraisiic leanings of this generation of studehts
and some studies have found that female studepiariicular are more likely to select
humanitarian engineering capstone projétts

Our course is based on previous offerings of a agerscience course at our university focused
on information and communication technologies fevelopment (ICTD}*. ICTD is emerging

as an active area of research that showcasesnheatmns between computing and the future of
billions of citizens of our planét ** Similar projects currently exist in many compueience
departments and emphasize the importance of codtibo with fields such as public health,
education, agriculture, and business. Examplesapgts in this area include flood detection,
HIV/AIDS tracking, making crop prices availablefawmers, microfinance, transportation
coordination, and governance. A few universitieskzeginning to integrate the topic of ICTD
into their undergraduate curricula in a varietyways*" ** *> Having students work on ICTD-
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related projects forces them to consider desigtestges not encountered in other computer
science courses, such as creating low-cost techyalalutions suitable for environments with
intermittent power and low Internet connectivitpdadesigning interfaces appropriate for users
who are illiterate or have a lack of comfort widthnology.

Our course expands on the previous couffeging by engaging students fromultiple
disciplinesin the design of technology for resource-consadianvironments. We define
resource-constrained environments more generaly l6TD, encompassing geographic areas
in both the developed and the developing worldpdexiing our scope allows us to more easily
connect students with accessible user populatindskents — essential for our courses’
multidisciplinary focus on fieldwork and evaluatiohdeveloped technology. Much work has
been done on multidisciplinary engineering projéctsndergraduate educatidt?®. Our work
differs in that it focuses on collaborations conmgabsf students from two disciplines — human
centered design and engineering (HCDE) and compuaience and engineering (CSE) — one
focused on understanding and designing aroundutmah aspect of the problem, the other
focused on the technical implementation of thosedmrcentered designs. However, we also
build on the motivation and success of the work teeed above in that the course focuses on
projects that have the potential to impact sodiety positive way—in our case, in the context of
resource-constrained environments, and that itiresjgtudents to approach these projects in
multidisciplinary teams.

Description of Cour se Sequence

During the 2009-2010 academic year, we offeredraabie-credit, three-quarter
multidisciplinary course sequence coordinated betwitee computer science and engineering
(CSE) and the human centered design and enging@gtDDE) departments at the University of
Washington. The HCDE courses consisted of both H@#3Earch credits and a formal class on
Human-Computer Interaction (HCI); the CSE coursesvgpecial topics credits and a senior
capstone course. The course sequence was co-tautyl instructors, one from each
department.

Table 1. Details of each quarter of the cour se sequence

Autumn Winter Spring
# of students 17 13 CSE; 22 HCDE 12 CSE; 10 HCDE
# of credit 1 credit 2 credits for CSE 5 credits for CSE
hours 5 credits for HCDE (capstone)

(HCl class) 2 credits for HCDE

Departments | CSE, CSE, HCDE, CSE, HCDE, Art
represented Informatics, Informatics,

HCDE Psychology, Art

Autumn Quarter

In autumn quarter, students in a seminar read emodsked research papers about projects in
developing countries and resource-constrained camtias within developed countries (i.e.,
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low-income communities, homeless populations, lewdwidth environments). The purpose of
this seminar was to familiarize students with ueigonstraints when designing for resource
constrained environments (e.g. How do you desigiedtiures where people are unfamiliar with
or afraid of technology, or for environments whposver and network connectivity are scarce
and expensive?). The course met one hour a wedlg different application area or design
constraint was discussed at each meeting. Sanptesstinclude educatiGh transportatioff,
non-literate user interfac€sdesigning technology for homeless populatigrsealthcare, and
agriculturé®. The full reading list can be found on the cowrsd pagé’. Students were
appointed to lead the discussion and record n@mes.limitation of the three-quarter structure is
that few students enrolled in the entire sequesree we did have significant attrition between
autumn and winter quarters.

Winter Quarter

Winter quarter was a group project design studiodénts who enrolled in a five credit HCI
course offered by the HCDE Department were parthetith CSE students registered for a two
credit design studio. Project groups were orgah&eund student interests, and each group
consisted of both CSE and HCI students. On Tues@#lysudents met together (CSE and HCI
students), and topics relevant to the group prejece discussed (reading related to resource-
constrained communities, selection of project tepgroup work skills), and group presentations
were given to the class. On Thursdays, only thé $#@lents met; during these sessions they
discussed fieldwork and HCI-focused topics. Iniaoia, most weeks the instructors met with
each group individually for a half hour to discysegress and issues specific to that group.

There were seven project groups with approximatetyCSE students and three to four HCI
students per group. Within the project groups, EiQtents were responsible for doing needs
analysis through fieldwork, literature reviews, autial impact analyses to lay project
groundwork. HCI students did fieldwork in a variefydomains and scenarios including:
interviews with doctors and medical students aallacedical clinics, observations of food bank
operations and elementary school classrooms, wekysiof potential carpoolers, and email
surveys of Ugandan midwives. CSE students weporesble for coming up with initial
prototypes for the technology and discussing texdisipecifications with the group.
Throughout the course, student groups gave pragemgdo the class, and at the end of the
guarter a poster fair and demo session was helthéogeneral public.

Spring Quarter

In spring quarter, CSE students enrolled in a ¢rexlit capstone and were partnered with HCDE
students who signed up for two credits of directesbarch. CSE students built robust prototype
implementations of the designs developed in wirged, HCDE students helped evaluate the
prototype through user testing. Throughout thatguastudent groups presented their ideas to
the class and to panels of experts in formal ptesiens, poster sessions, and written reports.
There were a limited number of full class meetingstead the instructors met with each group
for a half hour each week to discuss progress ssuks specific to that group. The class as a
whole met three times during the ten week quadeetect project groups and to give
presentations.

G'/¥y'ze abed



In order to complete the required implementatiod nprovide a group software development
experience, each group was assigned about fourstLslents. Three of the projects from winter
guarter were selected to continue into spring; these chosen based on student interest and
progress made in winter. Each continuing projexs gelected in part because of the continuity
of student enrollment. Some groups had most mendaerg over from winter; others had
several new members join the project at the begaqaf spring quarter. Some of our outcomes
discussed later can be framed against the backdri@am coherence and consistency.

Student outputs varied based on the number ofteréadiwhich students were enrolled, but all
group project teams were comprised of students frattiple departments. In the spring, the
only formal assignments were the final prototypeeqy, presentation and poster. All students
contributed to the presentation and poster basetdeanproject contributions.

Course Projects

Winter quarter course projects ranged from relatieteanly-scoped local projects (design
intake and inventory software for a local food batakopen-ended international collaborations
(help an existing program train midwives in Ugatalase ultrasound more effectively). Each of
these projects provided some concrete findingggiructional design.
Project topic areas were:
1. Food Bank software for tracking inventory and dareat
2. Ridesharing for our geographical area
3. Making an existing mobile transportation applicat{®@neBusAway.org) useful for low
resource communities
4. Turn a mobile phone into a doctor’s office
5. Make ultrasound more usable by midwives in Uganda
6. Adapt an existing application (ODK Collé¥tto support data collection for medical
exams
7. Create local opportunities for a multiple-input edtional interface (MultiLearn)

Three of these projects continued into spring gualdltrasound, Adaptable interface to support
medical exams, and MultiLearn. Below we discusdtidegarn and Ultrasound in more detail to
give the reader an idea of the type of projectdesits worked on.

MultiLearn

The MultiLearn project team took on a local destballenge. Their goal was to take a system
that allows multiple users to interact with one puter that had been developed for and tested in
India®® and adapt it to local educational settings. ThétiMearn system works by allowing
multiple students, each with their own USB keygadshare a single computer and interact via
educational games. Most of the schools in Seatiée lonly a small number of computers in each
classroom, providing a daunting challenge for teaglvho want to find ways to use them
productively with students. Their project was tadfiout what kind of educational and
assessment work would be useful to the target ptipnland how to implement that given the
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hardware and software available in most schoolaiihter quarter there were two CSE students
and four HCI students on the MultiLearn team. Inter quarter, students visited local Seattle-
area classrooms, interviewed local teachers, redezducational software including games, did
multiple classroom visits across various schodrfidis, assessed the state of computing
instruction and resources in elementary schoalsase school districts, and talked with
elementary age students about their use of the gtargin the classroom.

In spring quarter, four entirely new CSE studeatktover this project, and one HCI student
dropped out bringing the total to four CSE andeéh1 students. In spring quarter the group
developed a prototype interface for use by locathers that would allow teachers to track
individual student progress on educational ‘gams®’ how students overall are performing, and
eventually share information on individual studgetformance and progress with parents. They
also built a web-based interface that would alleachers to create their own content. Students
built content for math games and brought the systeome elementary school classroom for
testing. This group was characterized by a newfs€SE students in spring quarter who had
varying backgrounds, conflicting individual scheskimaking scheduling meetings difficult, and
challenges building on the success and code bas@riject designed for use in the developing
world. In part, some of the challenges were tiethttx of commented code, and issues in making
older code work on newer platforms. Because thgirai developers were no longer students,
their availability to talk to the students workiag a newer version was limited. A series of
communication breakdowns characterized this groumughout, and the lack of project outputs
moving forward is in part a reflection of thosefiddilties.

Ultrasound

The Ultrasound project was the result of one ofitls&ructor’s conversations with a professor in
Radiology who was training midwives in Uganda te uirasound technology. They were
having some issues with the commercial portablasdiunds (cost, difficulty of user interface,
etc.), and so the problem posed to the studentsheascan you make ultrasound more usable
by midwives with limited training? And can you makeheaper, too? In winter quarter there
were two CSE students and three HCI students ote#ma. In winter quarter, students surveyed
Seattle-area midwives, created surveys to sendjamtlan midwives, investigated other
developing world based maternal ultrasound projectisducted a literature review for maternal
ultrasound, met with local radiologists and ultias® technicians to learn about ultrasound
technology, contacted major ultrasound manufacsuiefind a less expensive technology that
would be viable for the purposes of the project &ied to form bonds with local immigrant
communities to involve them in the work. They atemducted a social impact analysis of
ultrasound, and they analyzed the data they cellieitom their multiple stakeholder interviews.
Other than the initial contact with the professoRiadiology — and the link to the midwives in
Uganda with whom he was working — the studentstbdithd all of their local connections for
fieldwork. They took significant initiative in coatting both NGOs conducting ultrasound-
related work, and ultrasound manufacturers, evédigtiiading a salesperson who could refer the
team to an ultrasound probe on campus they co@daugheir project. In addition, the students
registered themselves as a student organizatialote for future fundraising, and they applied
for a capstone award from the College of Engingefirhich they won).
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In spring quarter, two more CSE students and onksti@ent were added to the team bringing
the total to four CSE and four HCI students. Inrgpquarter the group obtained an ultrasound
probe and sample control software, and implemeateatotype interface designed for use by
Ugandan midwives. They continued to design the Bgftem, and they did user evaluations
with local ultrasound technicians and radiologi$tsis group was characterized by a highly
motivating problem, great group dynamics, an unfiamand remote user population, and an
interesting technical challenge. There have bedtptaupositive outcomes moving forward
from this project. Four of the original studentsittoued their work on the project outside of the
course and remain active today. In March 2011 etlofehese students will be going to Uganda
to do a preliminary evaluation of the project witidwives. The fourth student will go with a
larger group in June. Since spring 2010, seveldrattudents and doctors have joined our team,
we have published multiple academic papers (ah sitident authors), and in October 2010 we
were awarded a Bill and Melinda Gates Foundaticam@iChallenges Exploration grant.

L essons L ear ned

Of the seven projects from the class, one hasmaedi with significant success. Others provided
the groundwork for other developments (that disicursis outside the scope of this paper).
Overall, we consider the class a success, andrgtéekriback concurs — but that success does
not come without costs. Our goal in this papeoibdtter define what we mean by ‘success,’
provide clear description of the drawbacks and loead of such a class, and demonstrate how
our lessons learned can inform other, similar gbtismat curricular innovation.

We conducted official end of course evaluationgierstudents enrolled in the winter HCI
course, and for the CSE students enrolled in thagSE capstone course. In addition,
throughout the year we conducted our own informatb\wased evaluations of all students: in the
middle of all three courses and at the end of timeewand spring courses.

Overall students in the winter HCI course repotiggh satisfaction with the class. On the

official end of course evaluations, of the 18 sntdeesponding, 3 rated the course as a whole as
“excellent-5”, 9 as “very good-4”, 5 as “good-3tdl as “fair-2” on a scale of 5-0. Of 19
respondents to a question about the relevancesefdlness of course content, 7 students rated
the course as “excellent-5", 6 as “very good-4'g &nas “good-3”. CSE students also evaluated
the spring capstone course positively. On the iaffiend of course evaluations, of the 12
students enrolled in the course, 6 rated the cagsewhole as “excellent-5”, 4 as “very good-

4" and 2 as “good-3” on a scale of 5-0. Sevedestis listed the amount they learned in the
course as “excellent-5”, 2 as “very good-4”, 1 gedd-3”, and 2 as “fair-2".

Based on the multiple data sets collected by thuntors throughout the class, a clear pattern
emerged that what students found most excitindlesiging, and beneficial from the class was
(a) the fact that they were working on real wontdigems, and (b) that they learned to work in
truly multidisciplinary teams that are likely tdflect real workplace situations.

Real World Problems and “Strange Surprises”
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The value of having students work on real worldopems is well established in the literatiire
Our students were no exception. When asked whatetivey would give a student from their
major thinking of taking the course next year, @&E student had this to say about the winter
course:

“definitely go for it! it's an experience way difnt than any of the standard cse courses. you
actually get to apply your knowledge to real-wadslues which is very rewarding”

Repeated over and over by both CSE and HCI studeatsthe perceived benefit of the real
world component of their projects. “It was a readldem, not a made-up one,” said one student.
[HCDE student, official end of course evaluationsjter 2010] Additionally, the “real-world
project” was identified by students as one of thgeats that most contributed to their learning.
In addition to the resonance with service learrang the usefulness of demonstrating the global
impact of engineering innovations, real world potgerequire students to venture outside the
university and encounter people who are not lilegrthProjects designed for resource-
constrained environments are particularly likelyead students to encounter new viewpoints.
This clash of cultures can be both destabilizing @lso enriching. As one student described the
class:

“There was a lot about design that | hadn’t presigtiaken into account. Now | take others’
points of view into account, and enjoy the strasgmprises that that yields. [HCDE student,
official end of course evaluations, winter 2010]

These strange surprises are one of the elemeptsjetts that tie students to their larger
communities. They are also, it turns out, a bypobafi teams that are truly multidisciplinary.

Multidisciplinary Teams

The student quotation in the above section abautdttange surprises” of the course can be read
as a student encountering resource-constrained ooities close-up for the first time. Seeing
how other people use technology and navigate éweiryday lives can open students up to new
models of design and innovation. However, this guatn also be interpreted as a lesson learned
about taking into account the views of oterdentsparticularly those from other departments.

One of the strongest themes that emerged from thigphe layers of student evaluation for this
course focused on the difficulty and rewards ofdiess-departmental group work. Students
grappled long and hard with the knowledge gaps gntieemselves. Most of the comments,
however, talked about the usefulness of such dieaggnd the uniqueness of that learning
opportunity. We would also argue that one of thergjths of this class is that the challenge of
the multidisciplinary team better prepares studémtshe workplace than more common
teamwork assignments among the same majors. AslGhstudent commented, “I think this is
a great idea. It gives you more experience workyitg real "SME's" [Subject Matter Experts]
and combining skill sets, as you do in the realkymace, as opposed to getting used to just
working with people who are trained to see andhgoeixact same things you do and not being
prepared for the work place.” That is the otheegaty of “strange surprises” from the class —
learning to learn and learning to teach acrossréigpeboundaries.
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Students seemed to value the interdisciplinaryreatfithe project groups, even when group
dynamics were challenging. On a spring end of s®wreb survey, four of the eight CSE
students responding (out of 12 CSE students edrolléhe course) mentioned the
interdisciplinary nature of the groups as an aspgtite course that contributed most to their
learning. In particular, they called out the ndikciplinary team as an opportunity to deepen
their own learning. Learning to explain technideatails to others, students expressed, led to
learning things more deeply for oneself:

* “In CSE classes there's a very serious tendengsta@ompletely ignore design

considerations. After all, if you're the only ongng this program, who cares if you have

to call it up from the command line with severaltsives? Ease of use is totally
secondary to efficiency and accuracy. Working \aithinterdisciplinary group both
forces you to think about design considerationsalsd forces you to explain technical
topics to someone who may not fully understand wbatmean (which helps you
understand them better).”

“It felt more like a real-world project that wouldhppen in the work-place, and it was an
enjoyable experience to be able to work with défgrmajors. Sometimes, there are CSE
elements that are a little harder to explain tegthbut discussing at a higher-level, other
majors can understand as well.”

Students also provided reflections on differingdsrof expertise and how they developed
through the course an appreciation and abilityaloe others’ skill sets. CSE students noted:

“Working on teams together with the HCDE studergipéd broaden my perspective.”
“Working with an interdisciplinary group was extrelyn insightful. To be perfectly
honest | thought design was something that wasdjusé using intuition - | had no idea
there was so much rigor involved.”

“This was a really good aspect of the class. Ilfiedt | learned a lot about designing Uls
and user research by actually doing it with peegie have that background.”

“Awesome. | was very happy to learn design corgafuing the process of using my
programming skills.”

HCI student comments included:

“This was really nice because we all had diffeteatkgrounds--really nice!”
“ It's always great to work with people with diféat perspectives and skills.”

Along the same lines, it is particularly interegtio hear CSE majors comment on what they
learned during the winter quarter course (fromweb survey, in response to “What did you
learn in this course?”):

“l learned a lot about the usability-side of deymihay technologies through field work,
discussions, readings, etc.”

“How to work with people from different majors”
“How to effectively split work among team members”
“How to do user testing”
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*  “Mostly, I learned what the dynamic was like imégerdisciplinary group such as the one
| worked with, and how to manage and cooperatedch towards a similar goal.”
* “Fundamentals of design and HCI, how to interaith won-CSE students.”

These signs of deep struggle and great successrking with people from different areas of
expertise is one of the most innovative and pramjiglements of this course sequence. It is also,
however, one of the characteristics that requiaesfal instructor intervention and a

considerable amount of instructor overhead. Ifaheve discussion was all about the best
outcomes of the class, the next paragraphs ma&ettle significant resources necessary to
generate such outcomes.

Managing the Class Cohort

In winter quarter, with the exception of a couplestudents, the CSE students were not enrolled
in the 5 credit HCI course. They took a 2-credeagl projects course, and both sets of students
met together on Tuesdays while the HCI studentsométheir own on Thursdays. In our
feedback surveys, several of the CSE students ssguidhat they felt like they were missing out
on things that happened in the HCI course on Thaysd (Although CSE students were

welcome to attend on Thursdays, few did so.) beisame particularly acute later in the quarter
when Thursday sessions were devoted primarily agept work; we attempted to address this by
having one HCI student from each group send anlémtie entire group at the end of each
Thursday class meeting, giving a summary of whapkaed that day. A few students from the
HCI course commented on the problem and our seiutio

» “lI'think there were aspects of the format that veatland aspects that were problematic.
On the positive side, | think it was practical tdyhave the CSE students there one of
the two days because half of the time was definftdused on content that wasn't very
relevant to them. But on the other hand, | know thany of the CSE students felt a
certain degree of detachment from the projectsak was being done with them "out of
the loop." While the requirement of the [HCI] statlesending out update memos that
was instituted partway through the quarter mitigates somewhat, it couldn't
completely eliminate the fact that the separatezhtb the CSE students seeming to be
less invested in the projects.”

» ‘| feel like the CSE students were less involved arere unable to contribute a lot of the
time because of things they missed during the skctass meeting. The weekly half
hour meetings were great for answering questiodskagping the projects on task. More
time in class to learn about the procedures wosald o that we were more prepared for
our actual studies”

As an additional strategy, a few weeks into theteviguarter we instituted weekly meetings with
the entire project team for each group. This wesreiderable additional instructional
commitment, but also proved absolutely essentiabflding cohort cohesiveness given the
differential classroom contact time across the gnaups of students.

In a parallel development, in spring quarter, twb @f eight CSE students responding to our end
of course web survey mentioned that the fact thatQSE students were registered for 5 credits
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and the HCI students were registered for 2 crealisdme cases led to less involvement by the
HCI students.

For the most part students thought the format @ftring course (a total of three whole-class
meetings and weekly half hour individual group nregs) was effective, although a few
expressed interest in longer meetings with theustdrs each week. When asked specifically
about the course format in spring, four out oféight CSE students responding to our web
survey said they wished there had been more timéhéoinstructors meeting with individual
groups each week; the other four thought the amolumieeting time was sufficient. These half
hour weekly meetings occurred throughout both wiatel spring quarter, and required the
attendance of both instructors and all membersoi group. Although the groups needed and
appreciated this level of personalized multidisogly guidance, scheduling meetings was
sometimes a challenge and represented a signiticaetcommitment on the part of the
instructors. Any discussion of scalability or reglility of this kind of class needs to
acknowledge the amount of instructor time commitimequired to manage the delicate balance
of multiple credit hours and multiple majors invetl/in groups. We would characterize this as a
high risk-high reward type of teaching situation.

An additional problem faced by the sequencing efdburse was the issue of continuity from
term to term and within project teams. We obsersageral issues related to group coherence
when new members joined a team already in progagskthis is clearly an issue for further
research. This is an area where teamwork morelglosgembles the workplace with employee
turnover, but we have yet to develop effectiverungional strategies for managing these kind of
cultural shifts within learning groups.

Guidance for Student Projects

As instructors, we also learned several specifitghthat are informing our future course
offerings. Because this kind of design studio ferseidents to work with communities that may
be far from their everyday experience, and witlsstaates who may not share a common
vocabulary, they need specific kinds of scaffoldingt aren’t necessarily required by other
project, capstone, or even service learning opparés. Specifically, we found that group
success was more likely when we:

* Provided student groups with an accessible endpggmrlation

* Provided student groups with an outside expertitliho was responsive

» Scoped projects so they presented a technologioad€t spot” with challenges that were
significant enough to be interesting but yet notpheaing

* Provided guidance and guidelines for how to accodateochanging group members and
dynamics

Resource-constrained Design as an Area for StuRleftcts
The idea for this course was based on a CSE capsturse on information and communication

technologies for development offered in the twovjmes year§. Projects in those courses were
more focused on communities in the developing wohidorder to provide more reasonable
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opportunities for field work, for our course we iheid resource constrained environments to

include local resource-constrained communities (lo@@me, homeless populations). Selecting

problems from this area not only provide highly mating and potentially humanitarian

projects, but they also expose students to a sfjn constraints that they are unlikely to have

encountered in any previous engineering courseetién designing technology for midwives in

Uganda or local low income or homeless populatishgjents are forced to consider issues such

as:

* Very Low cost — Cost has implications beyond market share (dowibasly takes on a new
meaning in scenarios where people live on less $#2aa day). Expensive computing devices
are at risk of theft or can even put their ownerpersonal danger. The fact that design in
resource-constrained environments inherently rerethe use of low-cost technology can be a
benefit when trying to secure resources for stugenjects.

* Low power — Although students will probably be familiar withe idea of conserving power
for environmental reasons or to extend portabitifydevices, they are not likely to have
designed for an environment where power is intdemitor relatively expensive or both.

* Low connectivity — While cell phone coverage is becoming more armtemavailable
worldwide, Internet coverage is still far from uargal, and continues to be expensive.

» User interface challenges — Most students have never designed user intexfhes need to be
accessible not only to people of different langsaged cultures but also to those who are
illiterate or who have a fear or distrust of teclogy. Cultural sensitivities add another
dimension.

Conclusion

The overall goal of this class — to give studentastone experience that provides real-world
projects and introduces them to deep and difficulttidisciplinary teamwork that prepares them
uniquely for the workplace — is ably coupled witle topic of designing for resource constrained
environments. Spreading the course over multipletgus also gives students the opportunity to
engage with multiple stages of the design progeshkiding ideation, fieldwork, design,
implementation, and evaluation. The comments frardents as well as evidence provided via
projects living beyond the course provide a peniseaargument that the course approach is
generally innovative and successful.

Our approach is also somewhat unique in combinimgdomains that may be more likely to not
understand the depth of each other’s skill setsiieg from disciplines that tend to attract
different types of students with varying work apgrbes. In that sense, the domain of resource-
constrained environments is an extremely well ch@sea for this kind of experimental
multidisciplinary learning experience; the desidpaltenges in this space, as mentioned earlier,
are complex, and the human-centered challengessazemplicated and rich as the computing-
centered challenges. From an instructional stamdpibien, if we can unite both of these types of
challenges with a motivating real-world problem, @& create opportunities that allow diverse
groups of students to pull it all together and taaeat things. Students gain a multitude of
skills, as well as unique preparation for the wéakp where they will often have to interact with
people from varying backgrounds and with skill gatsrom their own.
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However, such a teaching approach is not withostscor drawbacks. As discussed earlier,
managing the culture clash between the departmeqtsred regular meetings that both
instructors attended with all group members, aedatinount of individualized feedback to each
group exceeded that of a typical project-baseddasause of the need to manage the different
kinds of contributions made by students. Other el@sof our class that contributed to its
success that we have not discussed at length besrdworth mentioning as part of the time
commitment include:

» Conducting a “pre-class” reading seminar as wadrdfdll quarter to introduce students
to work in the field is valuable and provides amportant shared vocabulary and common
background for students to use in scoping their axork. However, the logistics of
scheduling such a class, recruiting students, asdreng some measure of continuity
from term to term is challenging

» Picking projects is among the most important piexfebe puzzle. Choosing projects that
are of the correct scope can be challenging, loousse like this requires other careful
considerations including:

o Ensuring that each student group has access # elient who has a stake in the
project and is responsive to students

o0 Ensuring that each student group is dealing wita@essible user population that
they have the skills to reach via fieldwork aciesgt

» Assembling student groups with the correct rangskiols is key. We had students list
their own skills, classes taken, skills they wanletarn, anything they want to avoid, and
then rank their top several projects. The instmgctben used that information to create
groups.

* Having students present their work to communitigside of the class reinforced the
real-world nature of their projects. We had studgmesent to a public seminar on
campus and conduct a public poster session. Bdtinese experiences provided students
the opportunity to receive feedback from a commuaittside of the classroom
environment. The poster session in particular wasessful at attracting attention for the
course and work in this area. In addition, hatheyposters available means they can
also be used as a general recruitment tool fomereging students. Similarly, demos of
these projects done by students themselves camalagroductive outreach activity.

As we have discussed throughout this paper, ouoaph in creating a course to bring together
teams of students from multiple disciplines yielgedmising results from an instructional
standpoint, responded to ABET recommendationsganed students some unique preparation
for the workplace. Students worked on projects wathl-world impact and gained valuable
experience with multidisciplinary design and mu#aplinary teamwork. Both sides gained a
greater appreciation of the difficulties faced bgit peers — that fieldwork and software
development are both often unpredictable and amgilhg). The course also demanded a large
time commitment from the instructors, but the redgarvere significant enough that the course is
being offered again. There are some slight chatoydgs new offering, in part reflecting shifts
in the cultures of the participating departmentg,ve look forward to the results from this
second offering and learning from students’ expeewith the multidisciplinary challenge of
this capstone experience.

Y1 Lyt 2z abed



Bibliography

N

o gk~ w

10.

11.

12.

13.

14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

ABET 2010-2011 Computing Accreditation Criteriapghttwww.abet.org/

Brooks, C., “Community Connections: Lessons LearDedeloping and Maintaining a Computer Science
Service-Learning Program,” SIGCSE 2008, pp. 352-356

EPICS Engineering Projects In Community Service. hffpsgineering.purdue.edu/EPICS
Oakes W. et al., “Service-Learning in Engineering,” ASEEEE Frontiers in Education (FIE) 2002.
Rosmaita B., “Making service learning accessible to comapscientists,” SIGCSE 2007, pp.541-545.

Morelli, R.A. et al, “Revitalizing Computing Edudai by Building Free and Open Source Software for
Humanity,” CACM52(8), August 2009, pp. 67-75.

Buckley, M., Kershner, H., Schindler, K., Alphonce, C. @mswell, J. “Benefits of using socially-relevant
projects in computer science and engineering eucaSIGCSE 2004, pp. 482-486.

Gosink, J., Lucena, J., and Moskal, B., “HumanétarEngineering at the Colorado School of Mines: An
Example of Multidisciplinary Engineering,” Proceads of the 2003 American Society for Engineering
Education Annual Conference & Exposition.

Oblinger, D. and Oblinger, J. “Educating the Net Generati@oulder, CO: Educause, 2005.

Skokan, C. and Gosink, J. “Gender ParticipatioHimnanitarian vs. Traditional Multidisciplinary Seni
Design Projects,” Proceedings of the 2005 Amerigaciety for Engineering Education Annual
Conference & Exposition.

Anderson, R., Anderson, R., Borriello, G., and Bal;An Approach to Integrating ICTD Projects ir#o
Undergraduate Curriculum,” SIGCSE 2010.

Brewer, E. et al., “The Case for Technology in Developiegions,”IEEE Computer38(6), June 2005, pp.
25-38.

Dias M. and Brewer, E., “How Computer Science SertesDeveloping World,CACM52(6), June 2009,
pp. 74-80.

CarnegieMellon TechBridgeWorld http://www.techbridgeworddg/courses/
University of London, http://www.ict4d.org.uk/

Redekopp, M., Raghavendra, C., Weber, A., Ragusar@ Wilbur, T., “A Fully Interdisciplinary
Approach to Capstone Design Courses,” Americane®pédr Engineering Education, 2009.

Dudevaoir, G., Laffely, A., and Mundy, A. J., “Sumor” Meets Senior Project,” American Society for
Engineering Education, 2010.

Yoder, J.D. and Hurtig, J., “Lessons Learned inlemgenting a Multi-disciplinary Senior Design
Sequence,” Proceedings of the 2005 American Sofdetigngineering Education Annual Conference &
Exposition.

Richerson, S., and Suri, D., “Strategies for Assesklulti-Disciplinary Collaborative Experiences,”
American Society for Engineering Education, 2008.

Alford, K. L., “Multidisciplinary Computer SciencBesign Projects,” Proceedings of the 2004 American
Society for Engineering Education Annual Confere®dexposition.

Pawar, U., Pal, J. and Toyama, K., “Multiple Mioe Computers in Education in Developing Countries,”
ICTD 2006, pp. 64-71.

Anderson, R. E. et al., “Building a Transportatlaformation System Using Only GPS and Basic SMS
Infrastructure,” ICTD 2009.

Medhi, I., Sagar, A. and Toyama, K. “Text-Free User fifatees for llliterate and Semi-Literate Users,”
ICTD 2006, pp. 72-82.

ST /vt gz abed



24.

25.

26.

27.
28.
29.

30.

Woelfer, J. P. and Hendry, D.J., “Stabilizing Hoesd Young People with Information and Place Designs
on Dignity: Perceptions of Technology Among the Hbess,Journal of the American Society For
Information Science and Technolo®®(11):2300-2312, 2009.

DeRenzj B. et al., “e-IMCI: Improving Pediatric Health @ain Low-Income Countries,” CHI 2008, pp.
753-762.

Gandhj R., Veeraraghavan, R. Toyama, K. and RamprasatDiyital Green: Participatory Video for
Agricultural Extension,” ICTD 2007, pp.21-30.

Course web page, http://www.cs.washington.edu/daudaourses/cse490d/09au/
Hartung, C. et al., “Open Data Kit: Building Infoation Services for Developing Regions,” ICTD 2010.

Tseng, C. et al., “Examining emergent dominanceepad in multiple input based educational systems,”
Interaction Design for International Developmerit1@.

Eyler, J. and Giles, D. E/Vhere's the Learning in Service LeartP99, Jossey-Bass Publishers.

9T L¥t'ge abed



