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Have you ever asked yourself:
• What's it like to work in industry?

• What is graduate school like, and is it for me?

• How do I manage a career and a life?

Check out MentorNet! 
ACM partners with MentorNet to promote e-mentoring between students
and professionals. 

• As protégés, students gain invaluable career advice, encouragement and
support.

• As mentors, professionals lend expertise to help educate and inspire
young professionals. 

Protégés are matched in one-on-one email relationships with mentors—from
industry, academia, and government—who have applicable experience in
relevant technology, engineering, and scientific fields.

Mentors, Protégés help each other:
“My mentor, Brian Kernighan, helped
me navigate graduate school. Having
learned the value of mentoring, I became
a mentor myself...”

— Mary Fernandez, 
Principal Technical Staff Member, 
ATT Labs - Research 

“I am fortunate to have a mentor who
spends his time in not only answering
my questions, but also in directing my
career path....” 

— Emeka (Chukwuemeka 
Nwankwo), student at Nnamdi 
Azikiwe University Awka, Nigeria 

Who can be a protégé?
ACM Members who are Undergraduates, Graduates, Post-Doctoral students, or Untenured Faculty.

Who can mentor?
ACM Professional Members

How does the E-Mentoring Program Work?
1. Register in the MentorNet Community by providing 

your name, valid email address, and username and 
password. MentorNet Community Registrationform at
http://www.mentornet.net/join.aspx.

2. Sign in and click on the appropriate Find a Mentor or 
Be a Mentor button.

3. The official e-mentoring relationship lasts approximately 8 months.

Learn more at http://www.acm.org/mentornet and http://www.mentornet.net/

The Extra Edge for ACM Members      
– MentorNet Matching 

MentorNet_7x9.5_Layout 1  11/14/12  9:27 AM  Page 1

http://www.mentornet.net/join.aspx
http://www.acm.org/mentornet
http://www.mentornet.net/
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Beyond personal stories of triumph 
or disappointment, what goes on during 
hiring season is basically a large scale 
matching problem—think of a bipartite 
graph, with applicants on one side and 
institutions with open positions on the 
other, and the goal of matching appli-
cants to positions according to mutual 
preferences of both sides. The standard 
computer science approach would be to 
feed the graph and preferences into an 
algorithm and get a good match as its 
output. In practice, however, the match 
is “computed” in a distributed way, 
through the individual decisions of the 
candidates and hiring institutions. With 
so much at stake for those involved, as 
well as potentially complex preferences, 
one can’t help wondering about the na-
ture and quality of the final outcome.

H appy application season! Whether you’re applying to Ph.D. programs, postdocs, or 
faculty positions, this is probably a very busy (and nerve-racking) time for you. Even  
if you’re not currently “on the market” yourself, in the upcoming months you may 
find yourself taking part in your school or institution’s applicant screening process. 

Such a process typically involves several rounds of careful review and discussion, ultimately 
culminating in the decision of who to accept and, in the less fortunate case, who to reject.

to clearly and concisely explain what 
you work on and why you’re passion-
ate about it makes a huge difference—
whether you’re giving a short elevator 
pitch, an informal whiteboard presen-
tation, or a job talk or interview.

This ability is one of the things we 
look for when inviting authors to con-
tribute to XRDS. Even though XRDS 
issues are organized around a central 
topic or theme, and articles are writ-
ten by experts in that particular field, 
our goal is for readers from all areas 
of computer science to enjoy and ben-
efit from them. Writers are thus faced 
with the challenge of capturing the es-
sence of their research and communi-
cating the most interesting and deep 
ideas behind it, without assuming 
prior knowledge or obscuring it by too 
many technical details. This skill is an 
acquired tool, and is sometimes what 
separates a good researcher/practitio-
ner from an exceptional one. Want to 
work on honing your skill, or maybe 
even try your hand at it for the first 
time? Please consider submitting an 
article about your research to XRDS. 
Stay tuned for next year’s themes, 
which will be announced in the up-
coming Spring issue!

 —Peter Kinnaird and  
Inbal Talgam-Cohen

Recent Nobel laureate Al Roth has 
dedicated his career to wondering 
about such issues. Applying the beau-
tiful mathematical theory of stable 
matchings developed by Lloyd Shapley 
(with whom he shares the prize) and 
David Gale (who passed away in 2008), 
he studied the design of job markets 
and school choice programs. It turns 
out that in many cases, “designing 
the market” by establishing rules and 
procedures that guide and coordinate 
individually-formed matches can be 
very beneficial. Consider, for example, 
what would happen if the Council of 
Graduate Schools wouldn’t have set 
April 15 as “national signing day”; ac-
cepted graduate students may have 
had to face pressure to notify accepting 
schools immediately of their decision, 
or risk losing their spot. In some cases, 
a centralized matching algorithm is 
actually used, most notably in placing 
medical students into residencies.

Professor Roth has recently moved 
to Stanford University and is teaching a 
graduate course on market design. One 
thing he repeatedly tells his students 
is that if you want to convince decision 
makers to adopt your ideas, you have to 
find a way to effectively communicate 
the theory to non-experts. This ability 
is also crucial when applying to grad 
school or seeking a position. Being able 

Are You a Good 
Match for XRDS?

Upcoming issUes 

spring 2013
[March issue]
scientific Computing
Article deadline: passed

summer 2013
[June issue]
Computer science and Creativity
Article deadline: March 1, 2013
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ARoUnD THe WeB

On: “Unbreakable 
Cryptography in 5 
Minutes,” by Wolfgang 
Richter, August 2012 

What a super blog! too 
much info and a very short 
life hehehehe keep it up, 
good work 
— udean,  

XRDS Blog comment 

#NowReading: How to 
be an “Entrepredemic” 
from XRDS is the ACM’s 
magazine for students. 
Interesting stuff 
— Ayman, Twitter,  

(@B_ Ayman)

Measuring the Occurrence 
of Security-Related 
Bugs through Software 
Evolution flpbd.it/A4KP4 
— Antonis Lilis,  

Software developer,  
Twitter, (@aNTwNHs)

A #college students’ guide 
on gaining data scientist 
#skills. http://bit.ly/RcjUSr  
#IBMbigdata #analytics 
— Anjul Bhambhri, 

Vice President of IBM 
Big Data, Twitter, (@
AnjulBhambhri)

#XRDS_ACM goes 
#bigdata pic.twitter.com/
YUrOPaPz
— Chad, Twitter,  

(@humidbeing)

More on temporal behavior, 
but for those interested in 
crowdsourcing http://bit.ly/
gSbITQ  #ismir2012  
— Julián Urbano, Ph.D. 

ctudent, University  
Carlos III of Madrid,  
Twitter,  
(@julian_urbano)

Now live from Cambridge 
Big Data event 
#serviceweek2012  
#XRDS_ACM
— Vaggelis Giannikas, Ph.D. 

candidate, University of 
Cambridge, Twitter,  
(@VGiannikas)

How to contact XRDS: Send a 
letter to the editors or other 
feedback by email (xrds@acm.
org), on Facebook by posting on 
our group page (http://tinyurl.
com/XRDS-Facebook), via 
Twitter by using #xrds in any 
message, or by post to ACM Attn: 
XRDS, 2 Penn Plaza, Suite 701, 
new york, new york 10121, U.S.

http://flpbd.it/A4KP4
http://bit.ly/RcjUSr
http://pic.twitter.com/YUrOPaPz
http://bit.ly/gSbITQ
http://pic.twitter.com/YUrOPaPz
http://bit.ly/gSbITQ
mailto:xrds@acm.org
mailto:xrds@acm.org
http://tinyurl.com/XRDS-Facebook
http://tinyurl.com/XRDS-Facebook
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one of the most excit-
ing and challenging 
applications of com-
puter science and 

engineering lies in fostering 
international development. 
This area of work, known as 
ICT for development (ICTD), 
aims to use technology to 
address some of the most 
pressing global challenges 
faced by humanity, including 
provision of healthcare, edu-
cation, finance, and agricul-
ture in developing contexts. 

Yet ICTD offers numer-
ous challenges for computer 
scientists. Solutions for the 
developing world need to be 
elegant and robust, but must 
also account for technical 
constraints like slow net-
work speeds, storage issues, 
or a lack of relevant and lo-
cal content. Moreover, ICTD 
solutions are not purely tech-
nological; designers have to 
grapple with many founda-
tional questions concerning 
the functional and techno-
logical literacy of target us-
ers—what their income lev-
els are, which organization 
will operate and maintain a 
system, and so on. 

This issue of XRDS focus-
es on the unique challenges 
and opportunities within 
ICTD. To this end, we have 
collected a range of inter-
views and articles from 
authors in academia and 
research labs from around 
the globe.

Our first two articles 
discuss healthcare. Atanu Ga-
rai describes how mobile 
technologies can be used to 
provide healthcare delivery 
for developing populations. 
Suranga Kasthurirathne, a 
software developer, details 
his experiences with geo-
graphically distributed col-
laboration during the design 
of a module for OpenMRS, 
an open-source platform 
that supports the adminis-
tration of medical records in 
developing countries. 

Turning to education, 
Arjumand Younos draws on 
her own experiences in Paki-
stan to reflect on the poten-
tial benefits of free online 
education for students in de-
veloping countries.

Sheena Lewis then ex-
pands the scope of ICTD to 
address crime prevention in 
low-income neighborhoods 
of Chicago, noting that resi-
dents are more concerned 
about their children’s safety 
than health and poverty. 
Sumitra Nair relates her ex-
periences accompanying  
ICTD developers during 
field visits and describes 
how developers occupy the 
position of problem solvers 
while being deeply entan-
gled within their own fields 
and people. 

Sumitra’s article is book-
ended by two sets of inter-
views with leading research-
ers and academics in ICTD. 

In the first, we visit the 
thriving ICTD group at U.C. 
Berkeley and talk to Kentaro 
Toyama, Tapan Parikh, and 
Jenna Burrell. In the second, 
Astrid Twenebowa-Larssen, 
Joyojeet Pal, and Ed Cuttrell 
provide insights on doing 
ICTD work and offer advice 
for computer science stu-
dents interested in the area.

Reflecting on the critical 
issues of culture and power 
in ICTD, Samantha Merritt 
provides further encour-
agement—and cautions—
for students interested in 
ICTD projects. 

Our final articles come 
from authors in Africa. Kath-
leen Diga describes how the 
collective efforts of the Afri-
can ICTD community have 
led to the creation of a strong 
network of researchers.  

Finally, Mark Kamau, Angela 
Crandall, and Kagonya Awori 
describe how a new lab at 
the iHub in Nairobi, Kenya 
will improve user experience 
practices within their local 
technology community.

As researchers working in 
ICTD, the topics discussed in 
this issue are extremely close 
to our hearts. The power of 
technology could change the 
lives of millions of people 
around the world, and we 
hope this issue will inspire 
you to build technology that 
will improve the lives of 
people in developing areas 
around the world.

Thank you to Ryan Kelly 
for all his help with this issue.

 —Shikoh Gitau and 
Nithya Sambasivan,  

Issue Editors

Information Technology  
and International Development
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The maximum cost of an ICT innovation to be considered  
a necessity rather than a luxury good in latin america.

$120 per year

advICE

in our previous issue (Big Data, Fall 
2012) we announced the recently 
launched XRDS blog for students 
interested in computer science. We 

have gathered some useful pieces of ad-
vice that can help you build a success-
ful blog or who knows, be the next stu-
dent blogger for XRDS? Even if you are 
have blogging experience you might 
find some of these tips interesting, so 
keep reading.

1. Benchmarking. The truth is there 
are lots of great blogs out there. You 
already know many of them; you visit 
daily or weekly to learn about comput-
ing, news, or gossip. Well, apart from 
their informative nature, these blogs 
are also a great source of ideas for 
your work. So get out there, find them, 
read them, and try to understand the 
bits and pieces that made you begin 
reading them in the first place. Even 
very large companies learn from their 
competitors’ best practices, so why 
shouldn’t you?

2. design does matter. Unfortunately, 
most computer scientists believe the 

Blogging: 5 tips  
for your success

BENEfIT

As many readers know, ACM 
runs many conferences. 
What you may not know is 
these conferences heavily 
rely on student volunteers, 
who help the conference 
run smoothly. 

Typical tasks can involve 
stuffing bags for attendees, 
setting up rooms, fixing 
AV equipment, registering 
attendees, and generally 
running any necessary 
errand. Expectations of 
hours and tasks vary.  

Student volunteers 
typically receive free 
conference registration, 
are fed, and may be 
lucky enough to receive 
preferential housing 
or travel grants. Some 
conferences (such as CHI) 
also have large parties.

Unfortunately it’s not as 
straightforward as simply 
volunteering. There are 
normally far more people 
than there are openings; 
as such, many conferences 
hold lotteries. Applications 
close early, so keep your 
eyes open. Additionally, 
some conferences 
request student volunteer 
nominations. Once you’ve 
found a conference you 
want to volunteer at, ask 
around your faculty to see if 
any staff are attending and 
need some help.

For a complete list of 
ACM conferences, visit 
http://www.acm.org/
conferences. 

 —Daniel Gooch

ACM Student 
Volunteers

thing that matters most is content. If 
the content is there, then people will 
come, read it, and get excited about 
your blog. Well, you know that’s really 
not true, right? The way you present 
your work/thoughts/interests can af-
fect to a very significant level the num-
ber of people who read and enjoy. Keep 
your blog simple and clean, make the 
topic of each article clear, and use CSS 
tools. These are just some of the sug-
gestions you may want to follow. The 
Web is full of other tips. Google it.

3. guest blogging. Once the content 
of your blog is ready, it’s time to let the 
world know it’s there. Although emails, 
tweets, and Facebook messages can do 
a great job, the blogger community is 
actually the most powerful one and will 
bring you more visitors in the long run. 
The idea is that in order to make them 
visit your blog, you should first show 
them that you are visiting theirs and 
you are interested in their work. So be-
fore you close the window, click on that 
small “reply” button and spend some 
time writing a comment that will catch 
their attention.

4. Email lists. Visitors are fantastic, 
but subscribers are even better! Open-
ing a new email is much faster than 
searching for a specific blog in a book-
marks list. Give your readers the op-
portunity to receive such emails. Add-
ing a subscription option in an easily 
accessible place on your blog will be 
enough. In the end, you are not trying 
to sell anything.

5. Enjoy it!. Your blog is not a job. It is 
not something you have to do or some-
thing you do for living. So no matter 
what other people might say about it, 
always remember to have fun.

 —Vaggelis Giannikas

http://www.acm.org/conferences
http://www.acm.org/conferences
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one laptop per Child Xo computers  
have been distributed throughout the world. 

cell phone subscriptions are in use worldwide,  
nearly 5 billion of which are in developing countries. 

2.5 million 6 billion 

each year, the ACM 
recognizes a group of 
select student chap-
ters that demonstrate 

outstanding initiative in 
five areas: chapter activities, 
community service, recruit-
ment, school service, and 
website maintenance. This 
year, we asked some mem-
bers of winning chapters 
to share their thoughts and 
ideas about the success of 
ACM student chapters.

Christina Skarpathio-
taki is the president of the 
University of Peloponnisos 
student chapter in Greece, 
which won the Outstanding 
Chapter Activities Award. 
The chapter, which was 
founded seven years ago, 
strives to focus on practical 
events and services rather 
than theoretical lectures. 
“Our aim is to deal with 
the practical needs of the 
students and the univer-
sity. That’s exactly why we 
think that the presence of 
the ACM student chapter at 
our university is very impor-
tant,” Christina explained. 
According to her, it was this 
year’s combination of inter-
esting topic selection and 
simple presentation that 
led to the success of their 
events and to their excel-
lence award.

Arup Guha is the faculty 
advisor for the University 
of Central Florida student 
chapter, which won the Out-

The organizers and winners of the artificial Intelligence  
Contest for freshmen, hosted by the university of Tehran 
student chapter earlier this year. 

Student Chapter Excellence
What Makes a Successful Student Chapter?

standing Community Ser-
vice Award. For the student 
members, the most valuable 
aspect of the chapter is the 
exposure they get to speak-
ers from industry. “Our 
speakers have given our stu-
dents very good advice about 
the realities of industry that 
they simply don’t learn from 
the classroom, ” Prof. Guha 
explained. According to 
him, it was not a single ini-
tiative that won them their 
award, but the willingness 
of their members (about 30) 
to consistently contribute to 
different outreach events.

Hamed Zamani is the 
president of the University 
of Tehran student chap-
ter in Iran, which won the 
Outstanding Recruitment 
Program Award. The chap-
ter, which has 70 registered 
members, organizes ac-
tivities including a quar-
terly scientific journal and 
weekly programming con-
tests. However, according 
to Hamed, it was their “AI 
Contest for Freshmen” that 
was most instrumental in 
winning them their excel-
lence award. In this team 
competition, new students 
with little programming ex-
perience were grouped with 
senior students, and togeth-
er they competed to imple-
ment the best algorithms.

So what makes a success-
ful ACM student chapter? 
Christina says: “Something 

that we believe is very im-
portant in our student chap-
ter is that our team consists 
of people who have friendly 
relationships and have the 
same aims, team spirit, and 
consistent interest for com-
puter science. Moreover, in 
our chapter administration 
usually the council works to-
gether with the various com-
mittees, which results in the 
preservation of a friendly 
environment for everyone. 
All these factors help in the 
efficient operation of the 
chapter.” 

In Prof. Guha’s opinion, 
two things are necessary for 
a successful chapter: “Excit-
ed student leadership that’s 
willing to put in extra time 
to plan events, and careful 
planning on the end of the 

sponsor to ensure smooth 
transitions between officers 
when students graduate.” 
Hamed’s view is that the 
most important and valu-
able aspect of his chapter is 
its ability to organize scien-
tific activities in an informal 
and entertaining way. They 
pride themselves, as he puts 
it, on “showing students 
how fun the learning pro-
cess can be!”

Each winning chapter 
received a $500 prize and a 
“best of” icon to display on 
their chapter webpage.

 —Ben Deverett
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NEWs

The World summit on the Information society has identified  
these eight sectors for ICT development. 

business, learning, health, employment,  
environment, agriculture, and science government, 

T he 2012 ACM Inter-
national Collegiate 
Programming 
Contest (ICPC) 

was held earlier this year 
in Warsaw, Poland. This 
arduous contest involves a 
five-hour problem-solving 
spree consisting of eight 
or more complex, real-
world problems. The goal 
of the contest is to solve 
the most problems in the 
least amount of time. 
Each team consists of 
three students from one 
university, who cluster 
around a single computer 
to formulate their plan of 
action for the cumulative 
problem set, design their 
code based on the prob-
lem statements, and build 
the software system that 
will solve the problem 
under intense require-
ments from the expert 
judges. Careful atten-
tion is needed from each 
student and team as any 
solution submitted incor-
rectly is assessed as a time 
penalty. 

This year’s ICPC in-
volved participation of 
more than 2,200 universi-
ties from 85 countries on 
six continents. However, 
earning the chance to par-
ticipate in the World Finals 
of the ICPC involves a few 
steps along the way. Local 
contests are held within 
universities looking to par-

ticipate and produce their 
best collaborative team, 
with this year’s participa-
tion measuring more than 
300,000 students. The next 
phase is regional contests 
where students are pit-
ted against each other in 
a larger scale to compete 
for a chance to attend the 
World Finals. The World 
Finals were held in Warsaw 
and consisted of 112 teams 
that competed for awards, 
prizes, and bragging rights.

A group of undergradu-
ates from Harvard Univer-
sity, Spencer Liang ’12, Alex 
Zhai ’12 and Neal Wu ’14, 
impressively solved seven 
out of 12 total problems, 
winning them a silver 
medal for placing first in 
North America and sev-

enth internationally. The 
team was coached and 
sponsored by Dr. Robert L. 
Walton ’66. XRDS sat down 
with two members of the 
team, Alex Zhai and Neal 
Wu, to talk to them about 
their ICPC experience.

michael zuba: What 
interests you in computer 
science?

alex zhai: It’s a great mix-
ture of mathematics and 
engineering. This allows 
you to think about the prob-
lems in a theoretical way, 
but at the end of the day you 
also get to see the results of 
your ideas. In this case, in 
actual working code.

Neal Wu: Personally, I 
think computer science is 
one of the ways to have the 
highest possible impact on 

society. Once you’ve built 
a program that works well, 
your work is mostly done—
you can get a lot of results 
out of it without having to 
put too much effort into it 
in the future (other than 
maintenance).

mz: At what age did you 
begin programming?

az: I started doing a 
little programming around 
middle school, but never 
really did anything serious 
until college. My back-
ground and major is in 
mathematics.

NW: I started writing 
simple calculator pro-
grams in 7th grade, age 12.  
I then learned Pascal in 8th 
grade and started doing 
competitive programming 
in 9th grade.

from left to right: spencer liang, Neal Wu, and alex zhai.

Harvard Undergraduates Earn  
Silver Medal in ACM-ICPC
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can result in a 1.3 percent increase in economic growth,  
according to the World Bank.

increase in high-speed  
Internet connection 10%

mz: What is the most 
useful programming trick 
you know?

az: I don’t really have 
a good answer for this 
one. Sometimes there are 
concise ways to do things, 
such as incrementing array 
indices while assigning it. 
Usually, it’s more impor-
tant to try and keep things 
as simple as possible.

NW: I would actually say 
that the most useful “trick” 
I’ve learned is that there 
are no tricks. Thinking 
through the problem care-
fully and planning out your 
approach are going to save 
you the most time in the 
long run.

mz: Why did you partici-
pate in ICPC 2012?

az: Neal Wu recruited me 
to be on the team. I hadn’t 
done a whole lot with pro-
gramming contests before, 
so I thought it would be 
interesting and fun.

NW: It is a fun event and I 
had an awesome team that 
was enjoyable to work with. 
Plus, visiting Poland was 
great!

mz: How did you prepare 
for the contest?

az: I mainly practiced a 
lot of problems from vari-
ous online sources. Each 
ICPC year’s problem set 
is posted online (https://
icpc-qual-12.contest.
scrool.se/doc) and this 
provides good practice on 
what you might expect to 
see or solve. 

NW: I actually didn’t 
prepare too much as I 
had already spent a good 
deal of time in high 

school practicing for pro-
gramming contests. Our 
team did meet up and 
practice together roughly 
once a month during the 
school year. Practices 
generally take around 
five hours, so it’s tough to 
find a time for everyone.

mz: Do you think this 
event has helped your 
education and technical 
competencies?

az: Yes, it definitely has. 
I learned to focus a lot 
better when I am program-
ming. In order to do well 
in the contest it’s impor-
tant to keep focused and 
develop good bookkeeping 
practices. I think this is 
useful in larger projects too 
because it helps you imple-
ment faster and allows 
you to spend more time on 

designing and planning.
NW: I think so. Solving 

these kinds of problems 
has helped me apply 
creative problem solving 
to more areas of life and, 
moreover, developing the 
skills to perform really 
well in these competitions 
has shown me that excel-
lence in anything is much 
more about practice and 
learning than people 
think. I was terrible when 
I started!

mz: What advice do you 
have for students who are 
interested in future pro-
gramming contests?

az: The best way to bene-
fit from programming con-
tests is to 1) try to spend a 
lot of time thinking about 
the algorithms rather than 
memorizing techniques 

and 2) try to write clean 
and readable code.

NW: It’s awesome  
and everyone should give  
it a try!

mz: Thanks for your  
insider help gentlemen. 
What are your plans for  
the future?

az: I plan on attending 
Stanford University for 
graduate school in  
mathematics, but first I am 
going to take a year off.

NW: I am still working on 
that one, but I am inter-
ested in startups.

For more coverage of the 
contest, please check out the 
XRDS blog. Shawn Free-
man reported live from the 
event. (http://xrds.acm.org/
blog/2012/05/2012-icpc-
world-finals-2/).

kenyans access the m-pesa banking 
service using their cell phones. 

17 million 

Top 12 finishers

place name
problems 

solved
Time 

(min.)
1 St. Petersburg State University of IT, Mechanics and optics 9 1170

2 University of Warsaw 9 1547

3 Moscow Institute of Physics & Technology 8 1131

4 Shanghai Jiao Tong University 7 1161

5 Belarusian State University 7 1281

6 Zhongshan (Sun yat-sen) University 7 1301

7 Harvard University 7 1319

8 The Chinese University of Hong Kong 7 1469

9 University of Waterloo 6 760

10 Moscow State University 6 795

11 University of Tokyo 6 830

12 Belarus State University of Informatics and Radioelectronics 6 979

https://icpc-qual-12.contest.scrool.se/doc
https://icpc-qual-12.contest.scrool.se/doc
http://xrds.acm.org/blog/2012/05/2012-icpc-world-finals-2/
http://xrds.acm.org/blog/2012/05/2012-icpc-world-finals-2/
http://xrds.acm.org/blog/2012/05/2012-icpc-world-finals-2/
https://icpc-qual-12.contest.scrool.se/doc
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The newly launched XRds blog highlights a range of topics from conference overviews to 
privacy and security, from hCI to cryptography. selected blog posts, edited for print, will be 
featured in every issue. please visit xrds.acm.org/blog to read each post in its entirety.

Unbreakable Cryptography  
in 5 Minutes
By Wolfgang Richter

What if I told you unbreakable cryptography exists? What if 
I told you this article has content, which is illegal in certain 
countries, and may be under export control in the U.S.? Well, 
that’s precisely what I’m about to tell you. Unbreakable cryp-
tography exists. Cryptographic technology is illegal, or heav-
ily restricted, in certain countries, and some forms remain 
under export control within the vagaries of US law.

This article will teach you: (1) a bit of the history of cryptog-
raphy, and (2) how to implement unbreakable cryptography 
on your own in 5 minutes or less.

There are three steps to consider:
1. How will you generate a key?
2. How will you encrypt a message?
3. How will you decrypt a message?
To ensure we hit the 5 minute mark, I will begin by show-

ing you an example in Python which we will discuss for the 
rest of the article. First, generating a key:

1   from os import urandom
2
3   def vernam_genkey(length) :
4 return bytearray (urandom(length))

second, encrypting a message:

1  def vernam_encrypt(plaintext, key):
2    return bytearray(
3    [ plaintext[i] ^ key[i]
4     for i in xrange(len(plaintext))
5    ])

finally, decrypting a message:

1  def vernam _ decrypt(ciphertext, key):
2   return bytearray(
3    [ ciphertext[i] ^ key[i]
4     for i in xrange(len(ciphertext))
5    ])
 

The Python code listed above implements a Vernam 
Cipher. Coupled with the Mauborgne Constraint—you may 
never reuse a key, it must be the same size as the plaintext, 
and it must be from a true random bit source—you have un-

Blogs

breakable cryptography. Vernam was granted a patent in 1919 
for this idea, and the US NSA considers this patent, “…one of 
the most important in the history of cryptography.” 

VeRnAm XoR sTReAm cipHeR
Well, that was quite a mouthful. Don’t give up, we’ll go 
through things one at a time until you have a good un-
derstanding of what’s going on! The good news: although 
provably unbreakable, meaning it has been shown and 
can be shown through rigorous mathematical proof that 
no information from the original message may be gleaned 
from the encrypted form, the algorithm I am presenting is 
incredibly simple and easy to understand.

The entire technique hinges on the logical XOR function 
and its symmetry. XOR is a logical function, which is equiva-
lent to true precisely when the number of true inputs is an odd 
number.

Here is a truth table showing XOR’s value when provided 
two inputs (B1 and B2):

B1 B2 XoR
0 0 0
0 1 1
1 0 1
1 1 0

Note: Here we assume two possible bits of input—B1 and B2. 
We then show the XOR result for all combinations of true (1) 
and false (0). 

I claimed XOR is symmetric, because if you XOR an origi-
nal bit sequence

 with a second bit sequence twice, you will get the original 
again. Here is an example, as another truth table:

A B XoR1 B XoR2
1 1 0 1 1
0 0 0 0 0
0 1 1 1 0
0 1 1 1 0
1 1 0 1 1
1 0 1 0 1
0 1 1 1 0

Note: When we XOR A—our ‘original message’—with B—our 
‘key’—and we XOR the result—our ‘encrypted message’—with 
the B—’key’—again, we are left with A—the ‘original message.’ 

It is because of this property that XOR works as an en-
cryption and decryption function—there is nothing else to 
it. Once you choose a key, you simply XOR the message you 

http://xrds.acm.org/blog
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want to encrypt and that gives you the encrypted form. On 
the other end, when you want to decrypt, you simply XOR 
the encrypted form with the key again and you will be left 
with the original message.

encRypTion: eXplAineD
Let’s revisit the Python code and make sure we’re all on the 
same page. First, the encryption method:

1  def vernam_encrypt(plaintext, key):
2   return bytearray(
3    [ plaintext[i] ^ key[i]
4     for i in xrange(len(plaintext))
5    ])

Okay, so this Python code takes in two arguments:

1.  plaintext — this is the original message (assumed to 
be of type bytearray)

2.  key — this is the key to use for encrypting (assumed to 
be of type bytearray)

and it returns something called a bytearray. bytearray’s 
in Python are what you think they are, just an array of raw 
bytes with no further interpretation. By operating on byte-
array’s  we maintain the highest level of abstraction and 
can encrypt or decrypt any message with any content.

The bytearray it returns is constructed by iterating over 
the elements within the plaintext, and using the XOR ^ op-
erator to XOR each byte bit-by-bit; thus, 8 XOR’s are accom-
plished per byte. We iterate through elements by using an 
index variable i, which goes from 0 to the length of plain-
text via the xrange Python built-in function.

DecRypTion: eXplAineD
I stated earlier that XOR is symmetric; thus, encryption and 
decryption are fundamentally the same function:

1  def vernam_encrypt(ciphertext, key):
2   return bytearray(
3    [ciphertext[i] ^ key[i]
4     for i in xrange(len(ciphertext))
5    ])

we’ve only changed the name of an input here from plaintext 
to ciphertext, but everything remains the same as before.

Key geneRATion: eXplAineD
We still need to generate a key and for that we need a 

source of randomness. Because finding sources of random-
ness is hard, we turn to a Python library function to gener-
ate random bytes for us. In this case, we use the urandom 
function from the os library distributed with Python:

1   from os import urandom
2
3   def vernam _ genkey(length) :
4   return bytearray(urandom(length))

Our key generation function takes in one argument:

1.  length — the length, in bytes, of the key to be gener-
ated

and returns one result, a bytearray filled with random 
bytes of the length specified.

WHAT’s lefT? milleniA of  
cRypTogRApHic fRUsTRATion!
Simple right? Well, mostly. If you’re thinking ahead, you 
might wonder how will we distribute these keys? You’ve 
inadvertently stumbled upon a problem that has bothered 
cryptographers for millenia.

The nasty business with cryptography is how to securely 
share a secret such as a key without having a secure channel 
in the first place. It’s a manifestation of a chicken-and-egg or 
catch-22 problem: to create a secure channel, we must first 
have a secure channel. For millenia, this remained a central 
problem in cryptography. Until Diffie-Hellman-Merkle (often 
cited as just Diffie-Hellman) published a secure key exchange 
method using mathematical tricks, which nullified the need 
for a secure channel to exchange a secret key, the best way 
to exchange keys was physically in person. Their method 
is thought to have been the earliest, but secret government 
organizations may have invented this technology before 
them. I’d love to go through Diffie-Hellman-Merkle as one of 
the simplest, yet secure, key exchange algorithms, but that is 
a discussion best left for a future article to tackle.

Let me know if you’d like Diffie-Hellman-Merkle explained!

eRRATA:
1. Fixed first table XOR values were incorrect 
(B1=1,B2=1,XOR=1 -> B1=1,B2=1,XOR=0). Thanks to Kenton 
Murray for pointing this out.

Wolfgang Richter is a fourth year Ph.D. student in the Computer Science Department  at 
Carnegie Mellon University. His research focus is in distributed systems and he works 
under Mahadev Satyanarayanan. His current research thread is in developing technologies 
leading to introspecting clouds. tl;dr: Cloud Computing Researcher

Cell phones are becoming an increasingly important  
medium for education in the developing world. 
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Fatal Injection:  
The Server’s Side.
By Dimitris Mitropoulos

In my first blog post, I discussed software security and 
mentioned some common traps such as input validation. 
For example, a developer assumes the user will enter only 
numeric characters as input, or that the input will never 
exceed a certain length. Such assumptions can lead to 
processing invalid data that an attacker can introduce 
into a program and cause it to execute malicious code. 
This class of exploits is known as code injection attacks 
and it is currently topping the lists of the various security 
bulletin providers. Code injection attacks can occur in 
different layers and they span a wide range of security 
and privacy issues.

The set of code injection attacks that involves the 
insertion of binary code in a target application to alter its 
execution flow and execute inserted compiled code can be 
described as binary code injection attacks. This category 
includes the infamous buffer-overflow attacks. Such 
attacks are possible when the bounds of memory areas are 
not checked, and access beyond these bounds is possible by 
the program. Consider the following code segment:

#include <string.h>
void vulnerable _ method (char *foo)
{
  char tmp[12];
  strcpy(tmp, foo);
}
int main (int argc, char **argv)
{
  vulnerable _ method(argv[1]);
}

This code takes an argument and copies it to the tmp 
variable. But what happens when an argument is larger 
that 11 characters? By taking advantage of this, malicious 
users can inject additional data overwriting the existing 
data of adjacent memory. From there they can take 
control over a program or even take control of the entire 
host machine. C and C++ are vulnerable to this kind of 
attacks since typical implementations lack a protection 
scheme against overwriting data in any part of the 
memory. In comparison, Java guards against such attacks 
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by preventing access beyond array bounds, throwing a 
runtime exception. To combat a buffer-overflow attack in 
the above case you could use strncpy instead (strlcpy is even 
better if you are running on BSD or Solaris) since it requires 
putting a length as a parameter.

Code injection also includes the use of source code, 
either of Domain-Specific Languages (DSLs) or Dynamic 
Languages. DSL languages like SQL and XML play a 
significant role in the development of applications. 
Many applications have interfaces where a user enters 
input to interact with the underlying relational database 
management system of the application. This input can 
become part of an SQL statement and executed on the 
target RDBMS. A code injection attack that exploits the 
vulnerabilities of these interfaces is called an SQL injection 
attack. One of the most common forms of such an exploit 
involves taking advantage of incorrectly filtered quotation 
characters. Take for instance, a login page. The following 
Java code illustrates the defect by accepting user input 
without performing any input validation:

Connection conn = DriverManager.getConnection(a _
url, “a _ username”, “a _ password”);
String sql = “select * from user where username=’” 
+ uname +”’ and password=’” + pass + “’”;
stmt = conn.createStatement();
rs = stmt.executeQuery(sql);
if (rs.next()) {
  loggedIn = true;
  out.println(“Logged in”);
} else {
  out.println(“Credentials not recognized”);
}

By using the string anything’ OR ’x’=’x as a username, a 
malicious user could log in to the site without supplying a 
password, since the ‘OR’ expression is always true. To avoid 
a situation like the above, you could use Java’s prepared 
statements. The query is precompiled on the driver that is 
used to connect the application with the database. From 
there, the parameters are sent to the driver as literal values 
and not as executable portions of SQL; hence no SQL can 
be injected using a parameter. Contrary to binary code 
injection, a DSL-driven injection attack is independent of 
the language that was used to create the application. So the 
problem above could similarly occur in PHP, C++, etc.

Dimitris Mitropoulos is a Ph.D candidate at the Athens University of Economics and 
Business. His research interests include information security and software engineering.

(World summit on the Information society),  
which led to the adoption of 67 ICT4d principles.
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seven factors for  
Designing successful 
mHealth projects 
Although mobile technology has the power to vastly improve  
healthcare delivery in developing regions, many issues  
can affect the success of mHealth systems. 

By Atanu Garai
DOI: 10.1145/2382856.2382865

T he use of mobile technology for communicating information about medicine and 
public health is known as mHealth. Developed countries have been using mobile 
telephones, miniature laptops, and diagnostic devices in the health sector for many 
years. With the rapid proliferation of mobile telephony in developing countries,  

health managers quickly recognized the potential for mHealth to strengthen their  
healthcare delivery systems. In fact, mHealth has created a unique opportunity to strengthen  
healthcare administration, care delivery, and communication among providers and 

beneficiaries throughout the entire 
healthcare system. 

Yet despite the promise of mHealth 
tools for development, there are many 
issues that hamper the provision of 
mHealth systems in developing con-
texts. For example, resource con-
straints typically mean that installa-
tion of computer components, power 
backups, and broadband connections 
can be problematic, and providing 
training to health providers in using 
such devices can be expensive. More-
over, the absence of reliable computing 
infrastructure in many rural areas fur-
ther compounds the issue, especially 
as more and more health workers be-
gin to use mHealth for healthcare pro-
vision in these communities.

Despite these problems, mHealth 
systems can have many benefits and 
can be considered a standout among 

ICT for development. In health ad-
ministration, the management of 
health systems relies upon timely and 
accurate data on care delivery, along-
side proper management of financial, 
human, and material resources. How-
ever the collection of accurate data 
can often be problematic, although 
mobile systems can sometimes help 
to overcome this. For example, one 
evaluation study in a pilot project for 
nutritional surveillance reported a 
discard rate of 14 percent for paper-
based reports because of issues like 
illegible handwriting, missing deci-
mals, or outliers in the forms. Yet, 
when forms were submitted via SMS, 
error rate dropped to just three per-
cent [1]. A number of projects have 
used SMS in various aspects of pro-
gram management: ChildCount in 
Kenya to enroll beneficiaries [2], In-

tegrated Nutrition and Food Security 
Surveillance in Malawi to monitor 
nutrition programs [3], TRACnet in 
Rwanda to manage care for HIV/AIDS 
patients [4], and BloodBank SMS in 
Kenya to report the status of blood 
stocks for transfusions [5]. 

mHealth has also proven effec-
tive in motivating the practice of 
certain healthy behaviors. In 2011, 
Catholic Relief Services, an interna-
tional non-profit organization, col-
laborated with mHealth technology 
provider Dimagi to implement the 
ReMiND (Reducing Maternal and 
New-born Deaths) Pilot Project. The 
ReMiND project uses a mobile-based 
educational and counseling tool for 
community health workers serving 
around 1,000 people in villages in the 
Kaushambi District of Uttar Pradesh, 
India. The tool includes a mobile 
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ences with a high degree of interest in 
the advertised product. However, users 
of mobile phones in developing coun-
tries tend to overlook SMS from sources 
other than the ones from which they 
typically receive services. This means 
health information disseminated with-
out the proper due care and attention 
stands to be untrusted or, worse still, 
ignored. A generalized message ran-
domly distributed every so often could 
lack the seriousness and attention it de-
serves by the intended beneficiary.

One way mass messaging can work 
is for advertising events like local polio 
or HIV/AIDS camps. For example, Proj-
ect Masiluleke sent some 300 million 
“Please call me” messages using the un-
structured supplementary service data 
(USSD) protocol to South Africans en-
couraging them to undergo HIV/AIDS 
test. The average daily call volume to the 
National AIDS Helpline tripled within a 
few months of this campaign [7].

SMS campaigns tend to work best 
for promoting awareness of specific 
events, products, and services. Pro-
motion through mobile communi-
cation is undertaken mostly by me-
dia agencies as part of their media 
campaigns. Since these campaigns 
are one-off, mHealth initiatives can 

phone-based pregnancy checklist 
with audio and visual prompts that 
help workers systematically counsel 
and assess pregnant women during 
regular home visits. The experiment 
with 10 healthcare workers suggests 
mobile multimedia content is help-
ful for managing tasks and provid-
ing information to beneficiaries. 
Other projects demonstrated the 
viability of mobile video in counsel-
ing, including mSakhi, organized by 
IntraHealth International in Uttar 
Pradesh, India, and ASHA Assist, a 
project in Odisha, India, organized 
by the University of California-Berke-
ley. Since multimedia appears to 
be more impactful than textual or 
graphical information alone [6], pre-
recorded mobile videos displayed on 
the mobile phones of health workers 
have the potential to impart knowl-
edge on natal issues among pregnant 
women in these contexts. 

As more and more mHealth proj-
ects are implemented across the 
globe, they offer us strategic lessons 
and insights that can help us define 
factors that enable mHealth projects 
to achieve their objectives. Learning 
from these projects can help program 
managers, investors, healthcare sec-

tor workers, and the telecommunica-
tions industry at large to develop and 
implement projects. But what are the 
issues that influence the success of a 
particular mHealth project, and how 
can service providers design to accom-
modate these issues? Listed are seven 
factors that will affect the success of 
mHealth implementations. Of course, 
any list of success factors is non-static 
and evolving, especially since more 
and more projects offer unique les-
sons from their individual successes 
or failures. The list here is based on 
some strategic examples and high-
lights some salient issues that have 
come to the fore in past projects. 

fAcToR 1: mHeAlTH  
is noT mAss meDiA
Many organizations are still dissemi-
nating SMS or calls in the way that 
television and radio broadcast their 
content. This process essentially en-
tails partnering with a mobile service 
provider or third-party SMS gateway to 
disseminate SMS or calls to all the num-
bers registered with the mobile opera-
tor. For health campaigns, bombarding 
the population with SMS or calls works 
as advertisements and this method 
works best for a limited number of audi-

members of the 
community in 
Chhattisgarh, India, 
undergoing training on 
the accredited nurse and 
midwife (aNm) mhealth 
application, (right).   
a healthcare worker 
using the mother and 
child tracking system 
(mCTs) mobile mhealth 
application, (top).
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seldom run for long, primarily be-
cause many such campaigns are of 
limited duration. In the area of ma-
ternal and child health, pregnant 
women will require messages on 
dieting, danger signs, baby growth, 
and other topics based on the gesta-
tional period. This means messages 
can be matched to target pregnant 

women based on menstrual cycle 
or their child’s gestational period. 
Such targeting is useful because 
beneficiaries may ignore healthcare 
messages if the system does not send 
the message based on the profiles of 
the intended recipients.

fAcToR 2: DeliVeR mUlTiple  
seRVices THRoUgH mHeAlTH 
Many health managers think of 
mHealth as yet another tool for data 
collection and communication about 
health behavior. They can hardly be 
faulted for this biased perception as 
many mHealth projects have concen-
trated only on those two aspects. How-
ever, mHealth has the potential to pro-
vide instruction and guidance to steer 
the patients toward attaining certain 
behavioral goals. In doing so, mHealth 
can provide guidance to access and uti-
lize health services. 

Since research suggests the impact 
of audio-visual communication is far 
greater than textual or audio commu-
nication alone [6], mHealth services 
using second generation, 2-G mobile 
telephony are likely to have a limited 
role in raising awareness about key 
health behaviors. But mobile com-
munication can improve self-effica-
cy, social support, and interactions 
between patients and doctors, while 
the media itself can increase aware-
ness and knowledge on specific 
health issues. Mobile communica-
tion can allow providers to tailor the 
delivery of information according to 
time, geography, desired frequency 
of messages, and other orientations 
demanded by the health and social, 
cultural, and behavioral patterns of 
the patient. As such, mHealth prac-
tices can cover more health issues, as 
compared to mass media. For exam-
ple, mass media has been successful-
ly exploited to raise awareness about 
polio in India and knowledge about 
polio is now very high among citizens. 
However, there are many other vac-
cines that were not covered in media 
campaigns, and, as a result, knowl-
edge about those vaccinations is very 
low. Media campaigns and even inter-
personal communication will require 
more resources for providing appro-
priate information and guidance, as 
compared to mobile communications. 

fAcToR 3: eVolVe BUsiness  
moDels foR cURATiVe  
AnD pReVenTiVe HeAlTH 
Program managers are increasingly 
looking for ways to ensure financial 
sustainability, both in profit-making 
and not-for-profit projects. While most 
mHealth projects do seem to be finan-
cially sustainable in the medium- to 
long-term, financial and other con-
straints mean that beneficiaries may 
be less likely to pay for SMS or phone 
calls that aim to promote healthy be-
haviors. This means projects target-
ing preventive health segments may 
not be able to charge their customers 
for services, making financial sustain-
ability problematic.

On the other hand, beneficiaries 
may pay for services related to emer-
gency and curative health issues, espe-
cially as requirement for treatment is 
immediate and often visiting a doctor 
or treatment facility can be difficult. 
A number of mobile operators have 
started providing counseling on mo-
bile phones for a fee, which the opera-
tor deducts from the talk time balance 
of the caller [8]. Projects in preven-
tive health areas like smoking cessa-
tion and maternal and child health 
typically depend on public healthcare 
budgets that are supported by taxes or 
other financial sources. One issue is 
governments in developing countries 
may be reluctant to support mHealth 
projects targeted at preventive health-
care due to contractual obligations or 
software-as-service models. However, 
governments may become convinced 
as more and more evidence emerges 
promoting the benefits of mHealth 
projects in areas like maternal and 
child health. Investors should recog-
nize the growth potential of mHealth 
for preventive healthcare, before re-
jecting those ideas for their dependen-
cy on government contracts.

fAcToR 4: consiDeR  
moBile DATA collecTion  
As THe meAns To An enD 
Until now, most mHealth projects 
have focused on data collection. Of 
course, data collection projects helped 
demonstrate the efficacy of mobile 
devices as instruments for data col-
lection with fewer errors and lower 
cost. But, once the data is collected 

Tools and 
Frameworks
OpenMRS, Open Medical Record 
System http://Openmrs.org

eMOCHA, electronic Mobile 
Open-source Comprehensive 
Health Application http://main.
ccghe.net/content/emocha

Datadyne EPISurveyor  
www.datadyne.org/episurveyor

FrontlineSMS 
www.frontlinesms.com

RapidSMS www.rapidsms.org

Useful Websites
Knowledge for Health Program  
www.k4health.org/toolkits/
mhealth

mHealth in Low-Resource 
Settings www.mhealthinfo.org

MobileActive.org  
www.mobileactive.org/
areaofpractice/Health

mHealth Alliance  
www.mhealthalliance.org/news/
publications

Health Unbound   
www.healthunbound.org/
content/about

Mobile Health Information 
and Resources www.fic.nih.
gov/RESEARCHTOPICS/Pages/
MobileHealth.aspx

WHO Global Observatory  
for eHealth  
www.who.int/goe

Healthcare Information  
for All by 2015  
www.hifa2015.org
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http://main.ccghe.net/content/emocha
http://www.datadyne.org/episurveyor
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http://www.rapidsms.org
http://www.k4health.org/toolkits/mhealth
http://www.mhealthinfo.org
http://MobileActive.org
http://www.mobileactive.org/areaofpractice/Health
http://www.mhealthalliance.org/news/publications
http://www.healthunbound.org/content/about
http://www.fic.nih.gov/RESEARCHTOPICS/Pages/MobileHealth.aspx
http://www.fic.nih.gov/RESEARCHTOPICS/Pages/MobileHealth.aspx
http://www.who.int/goe
http://www.hifa2015.org
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http://www.k4health.org/toolkits/mhealth
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fessionals often do not understand 
the language of computer scientists, 
who in turn may not have total appre-
ciation of user behaviors as they occur 
“in-the-wild.” On top of this, many 
factors contribute to the resistance 
of mHealth tools in the health sector 
and technology is not necessarily the 
most important factor. Appreciating 
the potential concerns among users 
and mitigating them in the design 
stage is the real challenge faced by 
practitioners of ICT for development. 
The good news is that students, re-
searchers, and practitioners inter-
ested in mHealth can all play a role 
in enhancing healthcare for people in 
developing and underserved popula-
tions around the globe.
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and stored, it does not—in and of it-
self—act as a trigger for action among 
the intended stakeholders. There will 
be little change on the ground unless 
the data is translated into meaningful 
information and communicated to 
relevant stakeholders in a timely and 
acceptable manner. 

Most randomized controlled trials 
demonstrate the change among pa-
tients who receive personalized infor-
mation through SMS. However, some 
mHealth projects have yet to show any 
meaningful change because projects 
have failed to convert data into useful 
information for users. In addition to 
data collection, researchers have ad-
vocated the use of mHealth to evalu-
ate performance of community health 
workers, make mobile payments, 
track supplies, and assist clinical care 
by nurses and doctors. To make this 
happen, the International Finance 
Corporation is currently working on a 
project in the Indian state of Bihar to 
use data reported to Mother and Child 
Tracking System [9]—a system to track 
delivery of scheduled services—as the 
basis for payment of compensation to 
rural health workers [10]. Considering 
that health workers sometimes wait for 
months to receive their compensation, 
they are likely to be interested in deliv-
ering services on time with the prom-
ise of regular payment.

fAcToR 5: pARTiAl AUTomATion 
DeTeRs mHeAlTH ADopTion  
in HeAlTH sysTem 
Donors ask for mHealth projects that 
work in a health issue of their choice. 
Examples include child vaccination 
and conditional cash transfer, among 
others. Partial automation is automat-
ing a tiny component of the service de-
livery—such as one polio vaccination 
out of five vaccines for children. Em-
phasis on polio vaccination is one of 
several services that child health pro-
grams deliver and automating data col-
lection only for vaccination works as a 
lesser incentive for health workers. It is 
best to avoid such structural drawbacks 
during the program design phase.

Partial automation like this only 
places additional burdens on health 
workers by requiring they maintain 
records in manual and electronic for-
mats. Such burdens can discourage 

them from adopting mHealth. Zam-
bia, for example, started deploying 
a Health Management Information 
System in 1997 and initially only two 
modules of the system were made 
available to providers. A later evalua-
tion found that the unfinished com-
ponents increased pressure among 
health staff [11].

fAcToR 6: mHeAlTH is inTegRATiVe 
mHealth technologies have the capac-
ity to integrate otherwise disparate 
functions or processes within the tra-
ditional health system. For example, 
traditional Web-based health manage-
ment information systems, which col-
lect routine service delivery data, can 
be used for monitoring and supervi-
sion of health workers on the ground, 
for evaluating their performance, and 
for incentivizing use. This stands in 
stark contrast to typical performance 
evaluation, which is usually considered 
as a domain within human resource 
management. Additionally, traditional 
media has promoted target health be-
haviors without any connection to pro-
viders. mHealth, on the other hand, 
promotes healthy behaviors with ac-
tive support from providers.

fAcToR 7: mHeAlTH  
is mUlTiDisciplinARy 
Since mHealth integrates various do-
mains within the health sector, it is 
multidisciplinary by nature. As a re-
sult, professionals from diverse disci-
plines collaborate to develop products 
and services. In the case of maternal 
and child health, for example, medical 
doctors can help computer program-
mers in defining algorithms for de-
veloping decisions based on datasets 
on beneficiaries. Management profes-
sionals can often shed light on the best 
way to process incentives for the health 
workers, while behavioral scientists 
can aid in designing messages for the 
providers and beneficiaries. 

To conclUDe
There is a need to have further dis-
cussion and debate on these factors 
to avoid common pitfalls in this new 
practice area. In particular, the mul-
tidisciplinary nature of mHealth 
has been a great challenge for many 
practitioners—communication pro-

http://www.childcount.org
http://www.rapidsms.org/case-studies/malawi-nutritional-surviellence
http://healthmarketinnovations.org/program/tracnet
http://www.media.mit.edu/ventures/EPROM/research.html
http://www.media.mit.edu/ventures/EPROM/research.html
http://articles.economictimes.indiatimes.com/2012-07-04/news/32537015_1_vodafone-india-vodafonesubscribers-website
http://nrhm-mcts.nic.in/MCH/
http://www.cboh.gov.zm
http://www.rapidsms.org/case-studies/malawi-nutritional-surviellence
http://healthmarketinnovations.org/program/tracnet
http://www.poptech.org/project_m
http://www.poptech.org/project_m
http://articles.economictimes.indiatimes.com/2012-07-04/news/32537015_1_vodafone-india-vodafonesubscribers-website
http://articles.economictimes.indiatimes.com/2012-07-04/news/32537015_1_vodafone-india-vodafonesubscribers-website
http://articles.economictimes.indiatimes.com/2012-07-04/news/32537015_1_vodafone-india-vodafonesubscribers-website
http://nrhm-mcts.nic.in/MCH/
http://www.ifc.org
http://www.ifc.org


20 X R D S  •  w i n t e r 2 0 1 2 •  V o l . 1 9 •  n o . 2

feature

Designing and  
Developing an open 
source medical  
informatics module 
Lessons learned in planning and managing a development sprint  
to build a flexible, open source HL7 query service while successfully  
collaborating with diverse stakeholders and volunteers. 

By Suranga Nath Kasthurirathne
DOI: 10.1145/2382856.2382866

Healthcare implementations in the developing world face many limitations. These 
include inadequate onsite resources, limited budgets, and insufficiently trained 
staff. These limitations affect productivity and prevent implementations from 
becoming self-sustainable. OpenMRS are designed, built, and managed specifically 

in a manner that helps address these limitations. OpenMRS follows a strict philosophy  
of openness, collaboration, and ownership, which directly nurtures self-sustainability. 

The OpenMRS community works 
hard to foster volunteer groups across 
the globe. This has made OpenMRS 
one of the most successful electronic 
medical record (EMR) implementa-
tions worldwide, with implementa-
tions in approximately 72 countries. 
Recently, the Rwandan government se-
lected OpenMRS as the national EMR 
system. The development of the project 
is a global effort as well—implement-
ers and volunteers worldwide provide 
support through continual enhance-
ment and updating.

THe openmRs plATfoRm
OpenMRS is a software platform ap-
plication, which enables the design 
of a customized medical records sys-
tem with no programming knowledge 
required. It is a popular platform for 
medical informatics efforts in de-

veloping countries. OpenMRS also 
features embedded support to add 
patients into various treatment pro-
grams (patient workflow), the creation 
of patient groups for data exports (co-
hort management), reporting tools, 
and proper standardization. 

At the heart of OpenMRS is free 
and open-source code. Free and open 
source software (FOSS) are software 
products that have been liberally li-
censed to grant users the freedom to 
use, copy, study, change, and improve 
its design through the availability of 
its source code. The FOSS sector has 
undergone radical improvement over 
the past decade, rising from home-
based amateur-level systems to mas-
sive and well-organized communities 
with proper licensing, organizational 
hierarchies, good management, and 
competitive products. The high qual-

ity of leading FOSS projects available 
today makes them strong competitors 
against rival commercial products; for 
many reasons, they are often consid-
ered to be preferable for ICTD applica-
tions. Primarily, FOSS costs no money 
to use, making it ideal for ICTD proj-
ects with low budgets and high-qual-
ity requirements. Secondly, the FOSS 
community encourages collaboration 
and participation, which goes hand-in-
hand with the sustainability targeted 
by ICTD projects. Furthermore, invest-
ing in a FOSS project provides a variety 
of long-term benefits for all existing 
and potential implementers in the 
ICTD community. 

THe Design spRinT
A development “sprint,” used in agile 
software development, is a period of 
time during which a set of specific pre-
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agreed deliverables must be completed 
and made ready for review. The goal of 
development sprints, and agile soft-
ware development in general, is make 
the software development process 
more efficient.

The sprint under discussion was 
aimed at building a module to export 
OpenMRS data in HL7 message for-
mat. HL7 is a messaging standard for 
the exchange, integration, sharing, 
and retrieval of electronic health infor-
mation. Message data is transferred as 
a collection of one or more messages, 
each of which transmits a record or 
an item of health related informa-
tion. It is highly prized as a means of 
exchanging health information with 
other healthcare related software such 
as laboratory information systems; 
patient administration systems; and 
dietary, pharmacy, or billing systems.

OpenMRS supports the conversion 
of HL7 messages into OpenMRS data 
objects. However, developers had not 
addressed the reverse goal of translat-
ing OpenMRS data objects into mes-
sage format. Over the years, several im-
plementations pointed out the need to 
support this requirement. Unfortunate-

dard HL7 messages. As a responsible 
implementer with a long history of 
collaborating with other open source 
projects, Jembi organized a meeting 
with OpenMRS to discuss a common 
approach to address the needed func-
tionality. Unfortunately, participants 
at the meeting agreed that it was not 
viable to announce a combined sprint 
between Jembi and the OpenMRS core 
team. The reasons for this were two-
fold: Jembi’s requirement for this func-
tionality was urgent, while OpenMRS’s 
was not, and furthermore, Jembi had 
a very specific set of requirements for 
the project, while OpenMRS had yet 
to discuss a design plan that would be 
agreeable to all implementers. 

It was therefore decided that Jembi 
should go ahead with its current de-
velopment plan to build a customized 
module, which conformed to their 
requirements. Lessons learned from 
Jembi’s effort would be channeled 
back into OpenMRS to help design 
and build a second module, which 
would support this same purpose, but 
in a more generic manner acceptable 
to all implementers. 

As a Jembi staff member who was en-

ly, the sprint itself was not launched ear-
lier due to other more pressing tasks.

The priority of the HL7 module 
sprint increased when Jembi Health 
Systems of South Africa required this 
functionality for the Rwanda Health 
Enterprise Architecture (RHEA) proj-
ect. Jembi Health Systems is a not-for-
profit NGO based in South Africa focus-
ing on the development of eHealth and 
health information systems in several 
African countries, including South Af-
rica, Mozambique, Rwanda, and Zim-
babwe. It also maintains a research 
laboratory within the School of Com-
puter Science at the University of Kwa-
Zulu-Natal (UKZN) in Durban, South 
Africa. Jembi’s work on the RHEA ini-
tiative sought to define, develop, and 
implement health enterprise architec-
ture for Rwanda. The first phase of the 
project was focused on building a pilot 
implementation health information 
exchange (HIE) to improve maternal 
health care in Rwanda. 

The RHEA project design made it 
necessary to exchange large quanti-
ties of data between various registries 
and services. It was decided these 
data should be exchanged as stan-

openmRs Implementers meeting 2011, kigali, Rwanda.
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potential changes or improvements. 
Subsequently, new tickets may also 
be created as the design team identi-
fies other potential issues or improve-
ments. This cycle continues until the 
lead is satisfied, after which the ticket 
is closed.

Developers were free to assign 
themselves to any of the available tick-
ets during the sprint, but it was ulti-
mately the sprint lead’s role to oversee 
progress and recommend tickets to 
users based on their experience, avail-
ability, and priorities.

A project lead must be aware of 
each team member, and of his or her 
role in the project. Each sprint mem-
ber should be asked to take on tasks 
based on their abilities. For example, a 
full-time paid employee should be en-
couraged to take on critical and time 
sensitive issues, as they have the best 
chance of completing the task on time. 
Volunteers may also take on and com-
plete important tickets, but it is impor-
tant to take into account their level of 
expertise and time commitment when 
assigning issues.

Encoding implementation flexibil-
ity. While it is essential to solicit re-
quirements from potential end users, 
it is also necessary to maintain a layer 
of abstractness so that the end prod-
uct is not tied with the requirements 
of a specific implementation. For ex-
ample, Jembi’s requirements called 
for very specific HL7 messaging struc-
tures and output options. However, 
we believed it was unwise to adopt 
the same structure for OpenMRS, as 
it would make the module less ge-
neric and difficult for other users to 
customize. We agreed on a more ge-
neric approach, which focuses more 
on building an output mechanism, 
while allowing end users the flexibil-
ity to decide on the structure of the 
messages they wished to export. The 
project thus focused on laying down 
the core level support required of the 
module, with customizations being 
left to the end users.

Maintaining neutrality. Several 
tools, such as Mirth Connect and 
Message Maker, already support the 
creation of HL7 messages from exist-
ing data. We decided against using 
such an interface engine, as adopting 
a specific tool would create a depen-

gaged with the RHEA HL7 export pro-
cess, I was chosen to lead the OpenMRS 
sprint to produce a similar module.

cHAllenges AnD oBsTAcles
Managing a team can be an extreme-
ly sensitive process. An open-source 
sprint can consist of developers rep-
resenting many organizations, volun-
teers, and students. The team could 
be spread across the globe; meaning 
development work could take place 
around the clock. It is therefore critical 
to manage outstanding development 
work in a productive manner. In my 
time as a lead on the OpenMRS HL7 
module sprint, I encountered many 
challenges, likely to be faced in many 
FOSS and ICTD development projects. 

Communication. A major obstacle 
faced was the physical distance be-
tween developers, implementers, and 
stakeholders. It was important to 
maintain open communication be-
tween interested parties. 

A series of weekly online meetings 
were organized to discuss an initial 
set of requirements and module de-
sign. They were open for all imple-
menters and developers to discuss 
their ideas, although several experts 
in the fields of HL7 messaging were 
specifically invited to attend. Plan-
ning for the module took approxi-
mately one month to complete. Two 
more meetings were subsequently 
held during the development phase 
to discuss progress.

Design plans were also discussed 
on the community’s public mailing 
lists. There were approximately 15 

separate email threads on the im-
plementation of the module. These, 
as well as wiki pages created by the 
sprint lead, were all open for public 
comment. Documentation was used 
as a means of maintaining written 
records and also served as a mode of 
interaction for those unable to attend 
the online discussions.

Managing task assignment. 
OpenMRS uses the JIRA issue and 
bug tracker to plan and supervise 
sprints. The source code is hosted on 
the OpenMRS public github reposi-
tory. The sprint lead evaluates the re-
quirements, and converts them into a 
set of JIRA tickets. A developer claims 
a ticket, completes it, creates a pull 
request, and notifies the sprint lead 
of his or her progress by comment-
ing under the ticket in JIRA. The lead 
then reviews the code, and suggests 

figure 1. progress on tickets during the sprint.

GreenHopper Classic Cumulative Flow Chart
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improve healthcare 
facilities in countries 
across the globe.
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dency in OpenMRS. This would force 
end users, who want to adopt the new 
module, to familiarize themselves 
with the tool of our choice. Such a 
dependency would also affect any im-
plementation, which has already ad-
opted an alternate interface engine, 
but would like to use the HL7 module. 
We therefore set out to build our own 
messaging templates from scratch. 
After detailed study, we decided to use 
Groovyscript for this task, which was 
easy to learn and fit our requirements 
for extracting data. 

Project leadership as a public rela-
tions role. The project lead is not mere-
ly responsible for ensuring the techni-
cal success of the project, but also for 
the overall acceptance of the module 
by the implementers. The project 
lead must take on the role of a project 
champion and marketer and “sell” the 
module to potential end users. This 
requires a good amount of tact, con-
versational skills, and project owner-
ship. In fact, good PR skills are essen-
tial for any ICTD project, considering 
the need to win support from various 
globally diverse groups.

THe oUTcome of  
THe openmRs spRinT 
The progress of the sprint is depicted 
in Figure 1, with the y-axis showing the 
number of tickets. The sprint began 
with a total of 22 tickets. This number 
rose to 32 as additional tickets were 
created during the two-week sprint. At 
the end of the two-week period, 19 of 

these had been completed, reviewed, 
and closed, while 10 more were still 
under various phases of review.

Completion of the development 
work by type of developer is shown 
in Figure 2. Given this data, it may 
seem that collaborators/implement-
ers played a lesser role during the 
actual development phase. What is 
not shown by this figure is that the 
implementers were active in other de-
sign roles not covered by tickets dur-
ing this period. Implementers mostly 
took on administrative or supervisory 
roles during the sprint, as their prior 
work in building a similar system had 
given them valuable experiences on 
potential issues.

It is also evident that volunteers 
played a lesser role in comparison 
with other full-time developers. This 
was because the project required 
some amount of technical knowledge 
linked to HL7 message standards, 
which many volunteers lacked. Fur-
thermore, the project was scheduled 
at a time when many volunteers were 
engaged in other volunteer work for 
the community.

Based on the output of the project, 
we classified our sprint as a success. 
We were able to deliver a working ver-
sion of the module at the end of the 
allotted time period. Our team com-
pleted 90 percent of the requirements, 
which were agreed upon at the start of 
the sprint. The 10 percent of require-
ments that we failed to cover were low 
priority and do not affect the core use 

cases. Prior to the next release, the 
outstanding tickets will be resolved.

Even though we welcomed input 
from all implementers, we maintained 
a clear separation of concerns between 
implementers and the end product. The 
sprint benefited from lessons learned 
during Jembi’s implementation phase, 
but in the end, did not adopt either its 
design or requirements. The module 
also succeeded in winning support 
from the users, who were involved from 
the early planning phase.

It was essential to not only keep 
all potential implementers updated 
on the progress of the sprint but also 
consider their individual require-
ments. To meet requirements for 
many different groups, one must care-
fully identify what functionality is es-
sential for the module and what can 
be left to be customized by the user. 
Our final design met all basic require-
ments, while still allowing the flex-
ibility of customization.

impRoVing HeAlTHcARe  
AcRoss THe gloBe
As with any FOSS or ICTD project, 
managing an OpenMRS sprint re-
quired a high level of skill and flex-
ibility. It was also a massive time com-
mitment, as collaborators in many 
different time zones required prompt 
feedback. Managing work in progress, 
with developers with various back-
grounds and skill sets, was also a ma-
jor challenge.

We anticipate the HL7 module will 
be implemented by many end users, 
and will help the interoperability be-
tween various healthcare systems. 
Through community-driven open- 
source projects such as OpenMRS, 
developers, volunteers, and organi-
zations can collaborate to improve 
healthcare facilities in countries 
across the globe.
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crime prevention  
Technologies  
in low-income  
communities
Using collaborative technology as a grassroots effort  
to reduce violent crime in Chicago.

By Sheena Lewis Erete
DOI: 10.1145/2382856.2382867

gunshots rang loudly through the air at 9 p.m. on a Tuesday night. I had just returned 
from doing fieldwork in one of the most violent neighborhoods in Chicago, IL. 
As usual, I sat next to my window to reflect and write about my experiences and 
observations in a neighborhood that is more than 15 miles away from my “safe” 

neighborhood. It was then that I heard the gunshots and saw my neighbor running after the 
gunman. Concerned for her safety, I called out to her from my open window. I couldn’t 

even find the phone to call the police; 
my mind was racing. It was official. 
Someone had been shot not just in my 
neighborhood, but on my street—the 
place I was standing less than two 
minutes earlier. The reality of crime 
in Chicago was more real to me than 
ever before. 

Crime has become of increasing 
interest to me, especially after mov-
ing to Chicago—a city with one of 
the highest crime rates per capita in 
the world. For the past two years, I’ve 
studied how middle to low-income 
communities in Chicago use technol-
ogy to address crime. I attend commu-
nity-police meetings, interview local 
residents, and perform content analy-
sis of online communication amongst 
neighbors in five different areas of the 

city. But what does crime in Chicago 
have to do with ICT4D?

BAcKgRoUnD
Violence is most prevalent in impov-
erished communities in Chicago. 
Minorities who live in low socio- 
economic neighborhoods are dispro-
portionately affected by violent crime. 
For example, though African Ameri-
cans only make up 33 percent of the 
population in Chicago, they were 78 
percent of murder victims in the first 
six months of 2012 [1]. Youth who live 
in these areas of the city face violence 
similar to that of a war zone. As a re-
sult, in 2010 state lawmakers consid-
ered bringing in the National Guard 
to help regulate the increase in gang-
related violence [2]. In Chicago, low-

income residents are more concerned 
about their children returning home 
safely from school than the other is-
sues that plague them such as poverty, 
health disparities, subpar educational 
opportunities, and inefficient local 
government. Violent crime is impor-
tant and relevant to ICT4D research. 
Although Chicago has a relatively sta-
ble government, it seems to be failing 
the economically disadvantaged in 
their human right to safety.

While seemingly powerless in 
changing the minds of out-of-touch 
policymakers, these communities 
have enacted methods to address local 
crime that is external to the police and 
the local government. My objective is to 
understand how communities varying 
on race, socio-economic status, and 
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crime rate appropriate technology to 
support such grassroots efforts and if/
how technology empowers citizens to 
take action. Though this is an ongoing 
study, I am finding that collaborative 
technology is used to support citizen 
action by facilitating communication 
amongst neighbors about crime. The 
type of technology used differs based 
on the socio-economic status of the 
community. In more affluent commu-
nities with less crime, neighbors use 
technologies that are open to a larger 
number of people like message boards 
and blogs that had loose membership 
restrictions. Lower socio-economic 
communities seem to use technolo-
gies that are easier to restrict access 
such as email lists and group text mes-
saging on mobile phones. Residents in 

these communities cite fear of retali-
ation from criminals, gangs, and/or 
the police as reasons they do not use 
technology that can be accessed by a 
larger number of people. Residents 
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are also concerned that their feed-
back about crime in the neighborhood 
could be shared with potential offend-
ers, and residents did not trust most 
technologies to truly anonymize their 
identity. Furthermore, the geographi-
cal definition of community seems to 
differ based on socio-economic status. 
Residents in middle class communi-
ties seem to broaden the geographi-
cal constraints of their community and 
where they could affect change. In lower-
income communities residents are 
most concerned with their immediate 
surroundings (e.g., a radius of three 
blocks away from their home) and were 
often skeptical of their ability to enact 
change beyond their block.

Three themes have emerged during 
my study: trust, information sharing, 
and collective efficacy. While these 
themes have been noted before, the 
goal of this article is to encourage 
conversation amongst scholars and 
technologists about how they can be 
used to design effective crime preven-
tion technologies for disadvantaged 
communities. 

TRUsT
Historically, trust between minorities 
and the police has been a challenge. 
Low-income communities that suffer 
with high crime rates have thought 
of the police as unresponsive to their 
needs and concerns. Some view law 
enforcement and other government 
agencies as causing more harm than 
good. Thus, when designing crime 
prevention technologies that will be 
used in disadvantaged communities, 
we should consider solutions that have 
little to no interaction with traditional 
government infrastructure but can 
also affect change. Accountability is 
one of the most important factors for 
these communities because they feel 
that their voices are not heard. How 
can we create technologies that have 
little contact with government infra-
structure but also address account-
ability? 

infoRmATion sHARing
In relation to the lack of trust, one ma-
jor theme that has emerged from my 
work is differences in how informa-
tion is shared. Many residents in dis-
advantaged communities tend to only 

share information with those whom 
they know personally and that live in 
the immediate vicinity of their homes 
(i.e., on their block). Furthermore, 
people tend to funnel information to 
knowledge brokers as opposed to shar-
ing information directly with the police. 
Typically, knowledge brokers have lived 
in the community for a long period 
of time and have accepted the infor-
mal role as one who manages infor-
mation sharing between community 
residents and government officials 
(e.g., law enforcement, alderman). 
Knowledge brokers are well respect-
ed amongst the entire neighborhood 
(e.g., residents, gang leaders, police, 
government officials). Effective crime 
prevention technology must account 
for the role of informal social struc-
tures such as information sharing 
strategies that may be unique to mar-
ginalized communities.

collecTiVe efficAcy
The final theme that I pose is collec-
tive efficacy.  Sampson et al. [3] said, “It 
is the linkage of mutual trust and the 
willingness to intervene for the com-
mon good that defines the neighbor-
hood context of collective efficacy...
[C]ollective efficacy of residents is a 
critical means by which urban neigh-
borhoods inhibit the occurrence of 
personal violence, without regard to 
the demographic composition of the 
population.” As ICT4D researchers 
and practitioners, we should consider 

designing technology beyond the in-
dividual, but instead for the collec-
tive. While there may be a minimum 
amount of trust for outsiders, low-
income, particularly minority, com-
munities view collective identity as be-
ing vital to the community. Therefore, 
crime prevention technologies that 
increase feelings of agency and effica-
cy may impact crime and community 
engagement. Such technologies may 
remind neighbors of a collective ac-
complishment by exhibiting the com-
munity’s willingness to engage, which 
may increase reciprocity.

conclUsion
Crime prevention is an important 
topic to consider for the economic 
development of impoverished neigh-
borhoods in ICT4D research. Trust, 
information sharing, and collective 
efficacy are factors that we should 
consider when designing crime pre-
vention technology for low-income 
communities. Though gunshots in 
my neighborhood are uncommon, 
the incident was a life-changing event 
that illuminated what participants 
in my study experience on a daily ba-
sis. Safety is a human right and as re-
searchers, it is important to protect 
that right by designing effective crime 
prevention technology for marginal-
ized populations that disproportion-
ally experience violent crime. 
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online education for 
Developing contexts 
A personal experience with academia in Pakistan leads to using  
online education initiatives as an opportunity for massive improvement.

By Arjumand Younos
DOI: 10.1145/2382856.2382868

i t is a generally held notion that the academic culture and the styles of teaching in my part 
of the world are outdated and they perhaps do not challenge ambitious minds.  
At least this has been my experience. For the most part, higher-education circles in 
developing regions limit ideas to an academic document on a shelf—a much different 

mentality than the top research universities of the developed world. Students have always 
wanted to know how the ideas that they study in the classroom apply to the real-world 
problems around them. Now, with world-class professors offering online courses, there 

may be an opportunity to get many of 
those questions answered. 

For many students in the develop-
ing world the idea of learning from 
Ivy League professors may seem only 
to be a dream. Students in develop-
ing regions are often frustrated by 
the limitations of learning. In my ex-
perience, these students often reach a 
point where they begin to question the 
credibility of those teaching them and 
begin to get disillusioned with univer-
sity education. I can personally recall 
many of my classmates losing interest 
in some of their courses by the end of 
the semester. I believe the majority of 
this frustration can be attributed to 
classes taught in a boring and non-
interactive fashion. Outdated course 
content plays a major role in deflating 
student motivation. Natural student 
curiosity is replaced by course credit 
seeking and exploratory learning is 
something that can only take place 
outside of the institute. 

From day one of my journey 
through computer science I knew 

my path would not be an easy one. 
Throughout the four years (2003–2007) 
of my undergraduate degree at the 
University of Karachi, I mostly learned 
on my own. There were very few oc-
casions when the classroom experi-
ence was enjoyable. My learning path 
was mainly comprised of reading the 
course textbook on my own. At times 
that was not enough and some con-
cepts needed more explanation from 
a knowledgeable teacher or perhaps 
a practical exercise. Back then extra 
help from a teacher was lacking and 
hence my road to self-learning was 
full of hardships. Today when I recall 
those tough times I consider them a 
part of a significant learning phase. 
Those experiences contributed to the 
advice that I give to young computer 
science students from my home coun-
try: Make the most of recent online 
education initiatives. This comes from 
my incredible experience taking two 
online courses last semester. 

The issue of education breadth has 
always been a major one for most of 

the developing world. Even if students 
have access to education the quality 
is often in question. At a recent con-
ference I discussed this matter with a 
Microsoft Researcher from India. This 
industry researcher voiced the same 
concerns as mine and was particular-
ly concerned about the low quality of 
university education in our parts of the 
world. What we both ignored during 
our discussion at that point of time was 
the role online education could play in 
facilitating high-quality education. In 
the words of Thomas Friedman of the 
New York Times, “Big breakthroughs 
happen when what is suddenly pos-
sible meets what is desperately neces-
sary.”

My entire academic career has been 
driven by a desire to give back to my 
own people; I am very passionate about 
maintaining a presence in Pakistan. 
More recently, my own involvement 
with academia in Pakistan blossomed 
when I petitioned to establish my own 
research lab within the Computer Sci-
ence Department of the Institute of 
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cation calling it a one-size-fits-all en-
deavor and thus disregarding it. These 
skeptics cite the language barrier and 
lack of proper technology as possible 
downfalls. But I believe platforms 
like Coursera, EdX, and Udacity have 
found ways to address these concerns. 
Even in developing nations we now 
have a generation who have grown up 
on technologies like smartphones, 
Facebook, the Cloud, and tablets 
and this generation is increas-
ingly comfortable learning and 
interacting with professors via 
an online medium. To further 
dig into the concerns raised 
by critics I posted a question 
to some university students 
in my social network. This 
sampling of students reiter-
ated that they really want to 
embrace the online educa-
tion revolution, disagreeing 
with those skeptics. A stu-
dent from Burewala, Pakistan 
said, “I am currently a stu-
dent of Virtual University and 
I had great debates with other 
students on the point of online 
education. When you learn, you 
become a better person, so there is 
no better feeling when you want to 
learn something, and its being taught 
in a great manner that makes you un-
derstand well. You are actually listen-
ing to the teacher, just like another 
student sitting in MIT or Stanford.” 
Another student, Faisal Hasnain, from 
a rural area in Pakistan, who happens 
to have a great interest in functional 
programming, took two programming 
courses from Coursera and was thor-
oughly impressed by the quality of the 
content. “I now understand the dif-
ference between local academia and 
international academia—the two are 
worlds apart,” he explained.

Online education as a phenomenon 
is not new and for years people in less 
developed regions have been skepti-
cal of them, but Coursera and other 
MOOCs (massive open online courses) 
seem to be quite effective regardless 
of these concerns. The revolutionary 
ideas behind these initiatives include 
the concept to test, grade, and pro-
vide student-to-student help, as well 
as award certificates for completing 
courses. This new educational revolu-

Business Administration in Karachi—
an experience that could be character-
ized as both exciting and frustrating. 
I attribute my capability to establish a 
research lab to the standard operating 
procedures I learned while pursuing 
my master’s degree ar KAIST, South 
Korea. The Web Science and Technol-
ogy Research lab, despite still being in 
its infancy, has been successful. Last 
year it was represented at the Interna-
tional Conference on World Wide Web, 
one of the most prestigious conferenc-
es in my field. 

Being a joint Ph.D. candidate at two 
European universities (the National 
University of Ireland, Galway and the 
University of Milano-Bicocca, Milan), 
it is definitely hard to spare time for a 
research group in Pakistan. At times it 
is really painful to argue for hours with 
people in academic circles back home 
on the usefulness of a research lab and 
why it is essential to conduct scientific 
research, which may come as a sur-
prise to some in developed regions of 
the world where research is highly re-
spected in the academic realm. Howev-
er, in countries like Pakistan, universi-
ties focus mainly on teaching, as there 
is insufficient support for research. Ex-
posure to new knowledge is a luxury, 
however online education can level the 
playing field. 

Of course there are the skeptics 
who question the worth of online edu-

Outdated course 
content plays 
a major role in 
deflating student 
motivation. Natural 
student curiosity is 
replaced by course 
credit seeking and 
exploratory learning 
is something  
that can only take  
place outside  
of the institute.
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training programs, launched both by 
government and non-government or-
ganizations, and almost all of them 
have failed. The new online education 
platforms can provide the teachers in 
developing countries with the opportu-
nity to expand their knowledge for the 

courses they teach. The problem with 
education in developing regions like 

Pakistan, India, Bangladesh etc. 
is teachers who are responsible 

for the courses are not linked 
with research in the particular 
area and thus are not aware of 
current research that would 
advance their curriculum. 
Online education platforms 
such as the ones started by 
Stanford, MIT, and Harvard 
can help solve many prob-
lems professors of the de-
veloping world face: They 
can update themselves with 

latest trends in a particular 
area, which, in turn, can help 

them update their course cur-
riculum. In my opinion they 

could even opt for a hybrid mod-
el where students and teachers 

both take the online class and 
then perform an in-class discus-

sion of the class material.
At this critical point in time there 

is a lot of hype around the online educa-
tion; Coursera alone is now hosting 200 
courses from 33 schools with 1.3 mil-
lion students from all over the world. 
Online courses are fast becoming the 
norm in Western society with an in-
creasing number of universities opting 
for them. However, I see the real benefit 
of online education in other regions 
of the world as Daphne Koller who is 
co-founder of Coursera puts it, “It will 
allow people who lack access to world-
class learning—because of financial, 
geographic or time constraints—to 
have an opportunity to make a better 
life for themselves and their families.”
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tion is taking 
us toward person-
alization in education with students 
now being able to manipulate what 
they want to learn as per their desires 
and their level of expertise. Finally, 
with massive amounts of student en-
rollments from all over the world, the 
language barrier has been conquered 
through cooperation of non-English 
speaking students enrolled in the 
course who are providing subtitles for 
the benefit of others.

I believe the biggest benefit the de-
veloping world can derive from online 
education is for training traditional 
classroom professors. Countless ef-
forts have already gone into teacher 

In countries like 
Pakistan, universities 
focus mainly on 
teaching, as there 
is insufficient 
support for research. 
Exposure to new 
knowledge is a 
luxury, however 
online education can 
level the playing field.
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icTD at the University  
of california Berkeley 
Several leading researchers from UC Berkeley share their personal research stories,  
opinions about the field, and advice for students interested in ICTD.

By Nithya Sambasivan
DOI: 10.1145/2382856.2382869

kentaro Toyama,  
visiting Researcher,  
university of California, Berkeley

niTHyA sAmBAsiVAn: you have been 
actively shaping the trajectory of ICTd 
since the very beginning. how has the 
field evolved?
KenTARo ToyAmA: Thanks, that’s very 
generous, but ICTD as a field existed well 
before I became active in it in the early 
2000s. you could trace it to the 1960s, 
when Wilbur Schramm asked about 
television’s potential for mass education, 
or when a computer was transported 
by bullock cart to the Indian Institute 
of Technology, Kanpur. More recently, 
it was in the 1980s and ‘90s when the 
term “ICT” came into widespread use, 
including in applications to international 
development. My role has been mainly to 
do some of the recent research in ICTD 
and to encourage the interdisciplinary 

academic community around it.
The field itself has evolved in three 

broad ways: First, it has grown in both 
size and visibility. In the 1990s, any 
discussion of PCs or the Internet in 
international development was largely 
limited to development practitioners 
and academics. Today, the media pays 
frequent attention to projects like one 
laptop Per Child, and if you consider 
the hype around social media’s role 
in the Arab Spring, some of it has 
been front-page news. As technology 
penetrates throughout the world—there 
are now more mobile phone accounts 
than adults in the world—the study of 
ICT and development also becomes 
more relevant. Second, and perhaps 
predictably, the technology has evolved. 
In the 1990s, ICTD was about PCs. In the 
early 2000s, it was the Internet. Today, 
mobile phones and social media have 
taken center stage, and we are now on the 
cusp of a surge of work involving tablets. 
If only our understanding of ICTD evolved 
just as quickly as the technology! 

Finally, I think there’s been some 
maturation, at least within ICTD as a 
scholarly community. Interventionists are 
less likely to believe a technology by itself 
will have dramatic impact; observers and 
critics are less likely to slam technology 
as purely dehumanizing. All of us—
technologists, social scientists, critical 
theorists, and others—are more aware of 
the other voices in the field. Sometimes, 

I worry that we’re only becoming better 
at mouthing one another’s caveats, but 
even if it’s just more cognitive dissonance 
between our individual dogmas and 
a broader perspective, I think that’s 
better than staying within more insular 
academic communities. 

ns: What are some of the challenges that 
ICTd faces as a research discipline and 
practice? how can we overcome them?
KT: I did my Ph.D in computer science, but 
thanks to ICTD, I’ve had a lot of interaction 
with people in very different fields. I 
once remember speaking to a social 
anthropologist about research topics, 
and attempting to explain to her the value 
of doing a quantitative experiment. We 
went back and forth, and at one point I 
said, “Well, if nothing else, this kind of 
trial demonstrates that at least for some 
population under certain conditions, 
you can expect the program will have an 
impact.” She responded, “That may well 
be true, but it’s just not interesting to me.” 
It hit me then that differences between 
disciplines are often those of intellectual 
temperament. Some people want to 
quantify things and arrive at generalized 
theories. Some people want to discover 
the colorful variety that makes each 
community unique. Some people want to 
understand and theorize about the world. 
Some people want to change it. And, being 
human, we like to believe that what we 
personally find most interesting to be the 
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most graduate students in science and 
engineering, no matter how many gadgets 
you give them, and however wonderful the 
software, content, and connectivity on 
those devices. The one thing that would 
really change their situation is if they 
were provided with high-quality nutrition, 
healthcare, education, and social 
support—those require political, social, 
cultural, and economic changes first. 
Technology can play a role, but almost 
never the primary role.

My book critiques an approach to 
development that is technology-driven (or 
driven otherwise by what I call “packaged 
interventions”) and argues that the 
most important thing is to help increase 
“wisdom” in individuals and institutions. 
Ultimately, our goal in development 
shouldn’t be all that different from our 
goals for members of our own families—
intrinsic growth as human beings. As 
for how I define “wisdom” and “intrinsic 
growth”—you’ll have to read the book!

ns: What is your advice for students 
and researchers interested in building 
technologies for international 
development? What are the factors that 
they should consider?
KT: I believe technology amplifies human 
intent and capacity. That leads to two 
corollaries for action. For those who 
are desperate to build technologies, 

most important. That naturally leads to a 
kind of arrogance with respect to all other 
fields, where we say: “Those other folks 
aren’t doing real research, because they 
don’t do what I do.”

Interdisciplinarity is one of the 
great challenges of ICTD as a research 
discipline. Finding a way to transcend 
our disciplinary differences is critical 
for the field to thrive. I don’t mean that 
we have to eliminate our differences 
or come to a consensus—in fact the 
tension is vital. But we have to become 
better at understanding one another’s 
concerns and interests, both to grow 
the area of scholarship where we agree, 
and to expand the space of ideas where 
we differ. Especially where we differ, we 
have to find ways to judge quality work, 
even if it’s not work that might be “not 
interesting to me.”

ICTD practice has a different set of 
challenges, though no less severe. At 
the very least, everyone is united in the 
goal to change the world for the better. 
But there are still disagreements about 
what constitutes “better.” And real-world 
challenges, particularly in development, 
are often complex and messy. no amount 
of theory or knowledge substitutes for 
wise tenacity.

ns: Can you tell us about the new book 
you are working on?

KT: Sometime in 2008, while I was deep 
in ICTD research in India, it occurred to 
me that while technology can do some 
amazing things, the underlying challenges 
of development were ultimately human 
in nature. After all, the developed world 
is proof that the world has all of the 
technology it needs to be “developed.” 
Additional technological innovation isn’t 
strictly required. 99.9 percent of the 
poor, malnourished children of illiterate 
parents living in countries with minimal 
or ineffective governments are never 
going to have the same opportunities as 

Reducing the 
number of features 
that a technology 
has can make it 
more usable or more 
useful. The act  
of subtraction is  
as much an art  
and a creative 
process as addition.

a view of sather Tower on the university of California, Berkeley campus.
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find an organization that is effective at 
having the kind of impact you desire (for 
example, one that’s reducing incidences 
of malaria, is helping raise rates of 
literacy, or is supporting communities 
with their own aspirations). Spend lots of 
time with them to understand how they 
work and what constraints they face. 
Then, use the standards of good design 
and engineering to find a problem the 
organization is facing that could benefit 
from technology. Pilot it, evaluate it, and 
if it works well, help the organization 
adopt it and maintain it. Conceivably, 
other organizations might want it, too, 
but start with one organization first.

one thing that almost never works 
is to build a technology in the absence 
of a host organization, and to expect it 
spread virally. Even Facebook started 
with a core group of active users at one 
university, and that, too, was in a wealthy 
environment where everyone was well 
educated and had routine online access. 

Additionally, for those who can let 
go of the need to prove their dazzling 
intellect and superior technical skills, one 
of the most effective things is to help 
others gain the capacity you have. Teach 
literacy; teach math; teach engineering; 
teach entrepreneurship; teach leadership. 
There is no end to good educational 
material in the world, and we don’t really 
even need fancier teaching aids. What’s 
missing is caring teachers and mentors.

Tapan parikh,  
assistant professor,  
university of California Berkeley

ns: as one of the pioneers of  
the discipline of ICTd, how do you  
think the field has evolved?
TApAn pARiKH: I am really excited 
to see the growing enthusiasm 

amongst students, academics, nGos, 
development agencies, governments, 
and companies for the use of technology 
to support international development, 
as well as for community development 
in developed countries. At the same 
time, I think there are some inherent 
tensions that remain under-addressed 
within both the study and practice of 
ICTD. one tension relates to technical 
innovation, which pushes you toward 
more expensive, more complex and more 
resource-intensive solutions. These can 
often delay broader access or broader 
participation, which are two things that 
often require simpler, more accessible, 
or more cost-effective solutions.

Another tension is between academic 
and intellectual pursuits and setting 
an agenda that then determines how 
products are created and valued. By 
framing things at the level of an academic 
and intellectual discourse, it precludes 
participation from local users who are 
not on the same theoretical plain. I think 
we should be very cognizant to make sure 
that the discourse and debates happening 
in the field of ICTD are accessible to users 
and practitioners so that they too can 
steer the direction of the field. 

ns: What are some of the current 
projects you are working on?
Tp: Several of the projects I have worked 
on have officially left academia now and 
are more in the realm of startups and 
commercial efforts. one project that 
I worked on with former Ph.D. student 
neil Patel is Awaaz De, a voice-based 
platform for creating and sharing 
information amongst farmers who are 
disconnected from the Internet. That’s 

been a rewarding project in the sense that 
we’ve been able to see an idea grow into 
a service used by thousands of people in 
rural India, while also creating outreach 
and voice for people who did not have 
those opportunities in the past. 

Another project, Captricity, with former 
Ph.D. student Kuang Chen, followed a 
similar trajectory of spinning research 
into a startup. Captricity builds on a body 
of work that I did in graduate school on 
data collection in resource-constrained 
environments, which often have a legacy 
of using paper-based solutions with 
limited ability for digitizing the data in the 
field. Captricity provides an end-to-end 
workflow that merges the affordances and 
culture of in-the-field data management 
with the technical capabilities of the 
cloud infrastructure and machine learning 
algorithms. This combines CS research 
with the needs of the environment in order 
to improve the way we collect data in 
developing contexts. 

I also have students working on less 
technical research, looking into how 
people are reacting to new technologies. 
one of my students, neha Kumar, 
is looking at how the availability of 
Internet access and mobile devices 
is changing the ecosystem of music 
sharing, creation, and distribution. one 
interesting finding is that the ability to 
cheaply produce and store lots and lots 
of music is affecting the quality and 
appreciation of that music. Again, that 
is a critical perspective on the negative 
repercussions of technology.

Another student, Meena natarajan, 
is exploring questions around privacy, 
information disclosure and behavior 
change in HIv AIDS patients. In particular, 
she is looking at how traditional ICTD 
interventions around HIv have been 
framed as information interventions, 
when one of the most important things 
that she is finding is that, like all of us, HIv 
patients care a lot about the relationships 
between them and their family and 
community. She is thinking about how 
ICT plays a role in not only creating new 
knowledge but also supporting new and 
existing relationships. 

ns: What were some of the  
challenging and fulfilling moments  
of turning academic research into  
a startup/non-profit?
Tp: It’s really great to show that it is 

It’s really essential  
to spend some time 
in the field, and  
for at least some 
members of a project 
team to immerse 
themselves in life 
with the group they 
are designing for.



33X R D S  •  w i n t e r 2 0 1 2 •  V o l . 1 9 •  n o . 2

holistic approach to technology design 
that embraces diverse value systems, 
languages, cultures, and general points 
of view into the design of technology. I 
remain hopeful about seeing that happen!

Jenna Burrell, assistant professor, 
school of Information, university of 
California Berkeley

ns: What is the lens that anthropology 
offers to ICTd? 
JennA BURRell: I speak as a sociologist 
who has spent a lot of time in the 
anthropology literature considering groups 
within Africa. I employ the methodological 
approach most closely associated with the 
discipline of anthropology: ethnography. 
The vast archive of work in anthropology 
offers a sense of the huge range of ways 
that cultures may differ, how social groups 
organize themselves, the variation in 
values and beliefs, and ideas about what 
is most important in life. Anthropology 
is, more than most disciplines, attuned 
to power dynamics, issues of inequality, 
and systems of oppression. This is 
important to consider when you are trying 
to intervene positively on behalf of people 
who are marginalized or disempowered, as 
ICTD work often attempts to do.

The contributions of an anthropological 
lens to ICTD are also methodological. 
Ethnographers are especially attentive to 
the relationship between researcher and 
research participant. Partnering with an 
anthropologist should give one a certain 
sensitivity and realism about one’s own 
ability to solve someone else’s problems 
with technology, a modesty in approach, 
and patience with trying to understand 
people who come from a very different 
kind of life experience.

ICTD projects generally involve 
researchers of a nationality and 

possible to apply research given the 
relatively short time frame required 
for impact in community development. 
The kinds of groups we work with aren’t 
looking for a 10–15 year impact window. 
They want projects that can deliver 
impact on the ground almost immediately. 
Being able to think of new and innovative 
ideas that can be implemented within 2–3 
years is a real challenge. We’ve been lucky 
to come up with several projects that 
had that property. It requires a continual 
balancing between long-term research 
interests and the immediate practical 
needs on the ground.

Showing that we can turn these 
research ideas into legitimate and 
successful business models shows we 
can do ICTD in very difficult contexts, 
see success and have technologies be 
adopted. It’s not all about failure—we can 
also succeed sometimes!

ns: Can you tell us about a few 
conceptual contributions ICTd has 
made to Cs and other disciplines that it 
engages with?
Tp: Actually I think this is something 
we’re still trying to do, and I think there 
are cultural reasons for that. one lesson 
that I have been continually trying to 
emphasize is that less can be more. 
In some sense, reducing the number 
of features that a technology has can 
make it more usable or more useful. 
The act of subtraction is as much an art 
and a creative process as addition. This 
lesson is very difficult for engineers and 
computer scientists because technology 
is always perceived to be about forward 
progress, which means new things and 
more functions, never less.

one other contribution that is already 
having an impact is the ability to validate 
technology choices in an in-situ context 
using field experiments. I think the scale 
of deployments that we work with in ICTD 
is very impressive for other computer 
scientists, and should inspire other areas 
of computer science to engage in more 
longitudinal, in-situ experiments as well. 
I expect to see more field experiments to 
happen throughout computer science as 
a result.

Finally, I think the hardest one—and I 
don’t know if we have achieved this yet—
is whether it is possible to create new 
knowledge while also serving a practical 
and immediate good. If you have a goal 

in the world, it’s oK to create knowledge 
around it and not just do technological 
advancement for its own sake. you can 
have technology advance for a purpose. 
But that’s a harder sell.

ns: What is your advice for Cs students 
interested in ICTd?
Tp: I think doing ICTD research requires 
new metrics for assessing yourself and 
your work. But if you can adopt those 
metrics and be comfortable within 
the community that also values those 
metrics, ICTD is incredibly rewarding 
work. It provides experiences that you 
can later use to do research in other 
areas as well. It is a great opportunity to 
learn more about the world, learn more 
about people, and learn about different 
cultures. All of those things should be 
relevant for technological development, 
and for the future of computer science. 
So in computer science that truly cares 
about the user experience and the social 
dynamics around the usage of computers, 
the sort of thing you can learn in ICTD 
research in new contexts, places, and 
cultures is invaluable in the general 
process of technological design and 
progress. Hopefully, if things go well, and 
if enough people assimilate those values 
and experiences, we can adopt a more 

No matter how many 
gadgets you give 
them, and however 
wonderful the 
software, content, 
and connectivity 
on those devices. 
The one thing that 
would really change 
their situation is if 
they were provided 
with high-quality 
nutrition, healthcare, 
education, and  
social support.
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socio-economic background that is 
different from the group they are trying 
to build a system for. Therefore the 
designer or developer cannot rely on an 
intuitive sense of what would be useful. 
Anthropologists go into their field site 
with an openness to discovery and avoid 
imposing the baggage of too many 
assumptions. At the beginning of such an 
effort it is difficult to know what questions 
to ask. An ethnographic approach is 
oriented around understanding the 
web of relations (among people and 
with the existing natural and built 
environment) that define the context. 
This understanding is built piece by piece 
inductively, rather than by anticipating 
the important “variables” in advance. 
Such an approach helps to challenge 
the impulse to rely upon common sense, 
which so often fails when one enters a 
totally unfamiliar social context.

ns: you have done fieldwork in ghana and 
uganda. What are some of the methods 
that you employ in understanding people 
and technology in context? 
JB: While ethnography is not a single 
method in and of itself, there are 
methods that ethnographers generally 
rely on. Ethnography always entails some 
element of participant observation. When 
I was studying youth culture and Internet 
cafes in Ghana, this meant sitting next 
to Internet users and watching what 
they do, but also observing face-to-face 
interaction in the Internet cafe itself. I 
also attended church services, youth club 
meetings, took public transport, went to 
social events like graduation ceremonies, 
and lived in a family home for a while. 
I carried out interviews, took photos, 

There is no end to 
good educational 
material in the 
world, and we don’t 
really even need 
fancier teaching aids. 
What’s missing is 
caring teachers  
and mentors.

read copies of the local newspaper, and 
recorded radio shows. All of this was to 
get as rich an understanding of the social 
setting as possible, to understand the 
daily unfolding of everyday life and to 
experience it for myself. Sitting down to 
do formal, recorded interviews was also 
a critical component to this research. 
Through interviews I was able to better 
understand the perspective of youth, 
their aspirations, values, and the meaning 
they attached to their activities in the 
Internet cafe and elsewhere. It is this 
combination of efforts not just to observe 
human action but to understand the 
meaning underlying those actions that 
produces what the anthropologist Clifford 
Geertz calls “thick description.”

I also worked closely with a research 
assistant in both Ghana in Uganda. In 
Ghana it was Kobby Asare, a professional 
videographer I happened to run into 
at an event my first week in Ghana. He 
played a critical role in helping me find 
the Internet scammers I ended up talking 
to. In Uganda, it was Julius Matovu, a 
Ph.D. student in sociology at Makerere 
University. In my research in Uganda, 
which was carried out primarily in rural 
areas and looked at mobile phone use, I 
benefited from Julius’s introductions to 
people in his own field sites as well as his 
excellent translation work.

ns: Can you tell us about your new book, 
Invisible users: youth in the Internet 
Cafés of urban ghana?
JB: In the decades since the Internet 
was first commercialized, people from 
ever more diverse regions of the world 
are coming online. However, social 
research on this transition has been 
limited and my book is an effort to 
contribute toward better understanding 
the Internet’s new diversity. The book 
is based on my ethnographic work in 
Accra that began with a nine-month 
period from 2004 to 2005 when I lived 
in Accra and was in the Internet cafes 
and interviewing users on a daily basis. 
I was able to revisit Accra and the 
Internet cafes over a period of six years 
to note the changes in the Internet cafe 
scene and to see how some of the young 
Ghanaians were impacted (or not) in the 
longer term by their use of the Internet. I 
also wanted to explore the relationships 
with foreigners they cultivated online. 
The broader research question was: 
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How is the Internet experienced in the 
margins of the global economy? 

I argued in the book that the “digital 
divide” as a way of framing problems of 
access is becoming increasingly less 
relevant. Going online raises a whole 
new set of challenges and problems of 
membership and exclusion that cannot 
be reduced either to simple binaries of 
access or to degrees of skill or literacy. 
In particular, I found that cross-cultural 
interactions online (between Ghanaians 
and the Europeans, Americans, and others 
they encountered) were often fraught and 
unpredictable. online communities were 
not always welcoming spaces. The power 
dynamics online were shaped, in part, 
by Ghana’s marginal status in the global 
order, thereby motivating young Ghanaians 
to build connections with foreigners (as 
a way to get beyond this marginality). 
Unfortunately, this made them subject 
to the limited attention and prejudices 
that came out in their interactions with 
foreigners. These interactions were often 
frustrating and, for some, disillusioning.

That’s the critical take of the book. 
It’s also about the incredible creativity 
and agency of these young Ghanaian 
Internet users. I looked at many different 
spaces and modes of sense-making 
surrounding the Internet in Accra such as 
through rumors and in church sermons 
and testimonials. In the book, I talk about 
the dynamic and informal youth groups 
that many young Ghanaians formed or 
were members of. I address development 
in one particular chapter recounting the 
World Summit on the Information Society, 
which had a regional conference in Accra 
during my initial fieldwork stint. However, 
I also argue that the baggage of using 
an exclusively developmentalist framing 
can obscure an understanding of how 
technologies become meaningful, useful, 
and desired on terms set by users. In ICTD 
work, rather than redefine “development” 
when forms of technology use fall outside 
of the scope of development goals, they 
are too often cast as forms of misuse. 
The populations who live in the so-called 
“developing world” don’t necessarily 
spend much time thinking about their 
needs in terms of development as it is 
understood within aid agencies.

ns: In your opinion, what are the ways in 
which the mobile is changing the notion 
of the Internet (if any)?

JB: I think the shift to mobile-based 
Internet access may be alleviating some 
of the social pressures and problems 
of shared access settings. As much as 
public Internet cafes created a space for 
informal learning about how to use the 
Internet, the dynamics of these spaces 
could also be quite exclusionary. In my 
research, I found young women were 
much less comfortable in Internet cafes. 
young women also often had particular 
household responsibilities that keep 
them from having the same kind of time 
to hang around in Internet cafes as 
young men. A mobile phone, however, 
can be carried along while fulfilling other 
responsibilities. So, for example, I’ve 
talked to young women working at their 
mother’s market stalls (selling tomatoes, 
or shoes, or whatever) who, in their down 
time between customers, find time to use 
the Internet on their mobile phones.

I don’t, so far, see that what is being 
done on mobile phone-based Internet 
connections is vastly different from 
what is being done on computers in 
Internet cafes, but I think more research 
is required on this. one problem is that 
bandwidth limitations in Ghana constrain 
users on any platform. So I’m not sure 
this shift is “changing the notion of the 
Internet” or how it may be.

ns: What is your advice for students 
interested in ICTd? how should they 
think about social and cultural factors in 
designing a system?
JB: In the computer science community, 
many people hear the word “culture” and 
reach for something by Geert Hofstede, 
but his model of culture has never been 
shown to have much predictive power. 
His dimensions of culture are particularly 

limited in ICTD contexts because his work 
is based on studies of affluent, well-
educated people who are distinguished 
only by nationality. His model does no 
more than establish a very static set 
of characteristics that may or may not 
be particularly relevant to the system, 
device, or design an ICTD researcher is 
building. It treats “cultures” as internally 
homogenous, which is also not very 
helpful if you are trying to navigate 
and account for status dynamics (for 
example) within a culture something that 
is often necessary in ICTD work that must 
negotiate gender, caste system, and class 
differences. Hofstede’s work can give one 
a very false sense of understanding.

More up-to-date scholarship 
recognizes that culture is dynamic, that 
it is negotiated and flexible, that it is 
susceptible to many sources of influence. 
It is not something that becomes 
universally and inflexibly instilled into all 
individuals born into a particular society. A 
book to start with that I would recommend 
is Cross-Cultural Technology Design by 
Huatong Sun, but books alone won’t help 
you answer the question of how to design 
for a particular group of potential users. 
It’s really essential to spend some time in 
the field, and for at least some members 
of a project team to immerse themselves 
in life with the group they are designing 
for. This sort of observation will answer 
many questions that you did not think 
to ask. It’s absolutely normal to feel a 
sense of discomfort with the way other 
people live (whether their conditions 
might be considered impoverished or 
not) because this gets to deep-seated 
beliefs we have about what is good and 
right. It’s important to ask questions, and 
give yourself time to get past knee-jerk 
reactions and quick judgments. If you’ve 
done the work right you should come away 
from any community with ideas about 
what designs might improve some aspect 
of life and be well-received, but also with 
some level of appreciation for how people 
do things in that part of the world.
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A social scientist sits 
Among icTD Workers 
Reflections on the place of qualitative methods in ICTD work.

By Sumitra Nair 
DOI: 10.1145/2382856.2382870

in a prior work life, I had the privilege of being the sole social scientist sharing workspace 
with a team of highly skilled software engineers and computer scientists in a high-end 
computer lab at one of India’s best engineering schools. The team explicitly focused on 
building IT solutions oriented toward development problems like education, agricultural 

extension, and so forth. As an ethnographer, I recorded sites of ICT penetration in our city. 
But these IT professionals were looking to explicitly intervene in the city in particular,  
and the nation more ambitiously. That was my first encounter with explicit ICTD work. 

It was also the first time I started ask-
ing questions about what it means to do 
ICTD work, particularly as computing 
professionals. What are their methods? 
How does doing ICTD work intersect 
with these engineers’ work practices, 
and their vision of development, tech-
nology, and, more specifically, their tar-
get community—as problem definition 
and not just solution? In other words, 
how does this kind of engineering work 
intersect with their subjectivities? 

Like the significant community of 
ICTD workers globally, these teams 
tended to use qualitatively informed 
research methods like interviews and 
observation to understand their “field 
sites.” Even within the same country, 
they see field sites as conceptually dif-
ferent and distant places that the ICTD 
worker had to make visible and inter-
vene in. But what are the implications 
of using these methods as also tools of 
producing knowledge about the field 
in which they chose to intervene? As 
ICTD has emerged as an ever-growing 
domain with a diverse, global commu-

nity of extremely skilled practitioners, 
I return to these questions. I frame 
them in the context of a small soft-
ware development firm in India that is 
building a solution to support India’s 
largest poverty alleviation program. 

coDing foR THe pooR
One of my current projects is a study of 
a large information infrastructure being 
built by the government to manage In-
dia’s largest poverty alleviation program, 
which is based on the Mahatma Gandhi 
National Rural Employment Guarantee 
Act (MGNREGA). The program is built 
on a Right to Work structure, which 
means the State must provide at least 
100 days of paid unskilled employment 
every year to every rural household that 
has adult members willing to work, at 
a rate not less than 100 rupees per day 
(about $2 USD). These typically include 
public projects like building roads and 
digging wells, which provided employ-
ment to almost 50 million households 
in 2011–2012 alone [1]. Considering the 
scope and scale of the project, and the 

amount of data management this re-
quires, the central government built a 
massive digital information infrastruc-
ture with its own management informa-
tion system (MIS), called NREGAsoft, as 
its centrepiece [2]. Simultaneously, the 
government invited small, domestic, pri-
vate information technology companies 
to carry out modular innovations that 
could improve this system [3], which led 
to a series of pilots, testing, and develop-
ing by these small players. Despite no 
assurance of monetary or technical sup-
port from the Indian government, these 
enterprises went ahead either in the 
hope of future contracts (keep in mind 
that even a small contract in a project of 
this size could be significant), or as just a 
new site to push their own skills. I stud-
ied one such software-developing agen-
cy that took on the challenge of building 
a new NREGA-focused solution in two 
Indian states. 

This enterprise, which we shall call 
Digital Enterprises, self-identified as 
a software solutions enterprise deeply 
invested in ICTD work. One of its most 
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meant by the field. Where was it? Who 
went there? When I asked them about 
what prepared them to enter the de-
velopment sector, I was informed that 
it was their sense of the “field.” By this 
they meant their visits to the rural hin-
terland for which they produced solu-
tions. Particular team members were 
identified as having a special rapport 
with the villagers where the organiza-
tion ran tests and demos. These mem-
bers, also developers, who were part of 
the design and implementation teams, 
go out into villages and spend signifi-
cant amounts of time (varying from a 
few days to months), and interview and 
observe people they identify as stake-
holders. It is crucial, they stated, they 
don’t just administer a survey, or con-
duct “testing in office.” Instead, it was 
important to engage. The visit that I 
accompanied them on was a three-day 
affair to an NREGA field site in a rural 
district in the state of Madhya Pradesh. 
This was to be the fourth in a series 
of visits that had spanned over many 
months. They planned to test a partic-

successful products is a solution it 
built for tracking fertilizer distribu-
tion in rural India. The organization 
is also clear that it has profit goals 
within its development commitment. 
It undertakes corporate projects to 
generate “running money.” The com-
pany meets the definition of the small 
software solutions enterprise: It has 
about 30 employees, all with degrees 
in different field of computing; the av-
erage employee age is around 30; it has 
small office spaces in Delhi and Mum-
bai; there are design, implementation, 
and evaluation teams, but team mem-
bership is fluid; and almost every team 
member has worked on every project 
at some stage. Their NREGA-oriented 
solution included a biometric compo-
nent where workers on NREGA proj-
ects could use the biometric device to 
register with the program, mark atten-
dance, and even access their records, 
all using thumbprints. The data col-
lected would be transmitted from the 
device to central servers via GPRS. In 
case of weak signals, the device could 

also hold data for retrieval later. Unlike 
most ICTD researchers, I did not oc-
cupy any formal role within their proj-
ect. I had the privilege of purely being 
a researcher and recording everyday 
goings-on. Of course, I was most wel-
come to contribute to their “fieldwork” 
if I felt the need.

This last open offer to participate in 
“fieldwork” led me to inquire what they 

The visiting test 
engineer occupies  
a complex position  
of mediator/ 
problem solver/ 
tech-evangelist 
between the product, 
the beneficiary,  
and the state.

a day at the field site.
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ular feature on the NREGA biometric 
device as well as shoot a promotional 
video for the project. The stakeholders 
they had identified in this village were 
a couple of NREGA beneficiary families 
that had been recruited as test users 
over a period of time, as well as the vil-
lage’s governing body (the elected vil-
lage head and secretary, in particular). 

I would like to draw attention to the 
presence of another a key stakeholder, 
or political actor, in the field—the de-
veloper. He or she shapes the product 
in at least two critical ways: “out in 
the field” and also back at his or her 
workstation. I briefly discuss these two 
sites, and the developer in each site.

THe poliTicAl WoRK  
of coDing: oUT in THe fielD  
To THe WoRKsTATion
Wolff Michael Roth notes in his study 
of graphing techniques that the site 
for critical expertise is both in the data 
itself, and also the ability of the ex-
pert to build and demonstrate shared 
meaningful context for the user [4]. In 
this latter sense particularly, the visit-
ing test engineer occupies a complex 
position of mediator/problem solver/
tech-evangelist between the product, 
the beneficiary, and the state. 

Both officials and NREGA beneficia-
ries approached the developer I accom-
panied with grievances about the whole 
spectrum of the NREGA program. He 

had to address delayed payments, al-
legations of corrupt village administra-
tion, and local political favoritism. The 
developer offered Digital Enterprise’s 
NREGA solution as an answer to these 
questions: The biometric device was go-
ing to make corruption very difficult, 
It would track payments; and thereby 
make local politics accountable. This 
communication highlights at least two 
aspects that computing practitioners 
in ICTD who are out in the field should 
consider: First, using tools informed 
by qualitative methods like those used 
by my participants also implies the re-
searcher, who is also the developer, be 
aware of their deep entanglement with 
the field—in everyday village politics 
for instance. Integral to using qualita-
tive techniques is the knowledge that 
the researcher is deliberately included 
within the setting or “context” [5, 6, 7, 8]. 
In fact, the very act of interviewing and 
interacting with their participants in 
the field, including introducing artifacts 
like their biometric devices and mobile 
based interfaces, provides a rich op-
portunity for them to be reflexive about 
their data collection activities, and their 
own role in creating and mediating the 
context. It is also the place to be aware 
of the political work they do when in-
serting artifacts into the field, or their 
technical expertise being seen as gen-
eralized, overarching expertise. Imagin-
ing the field as a dialog [9] provides the 

The field engineer demo-tests the solution out in the field with NREga beneficiaries. P
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researcher/developer with a mechanism 
to not just describe and report back, but 
to represent the field in more analytical-
ly useful ways during system/solution 
building back at the workstation. 

THe poliTicAl WoRK  
of coDing: AT THe WoRKsTATion
Equally critical, and less visible, is the 
awareness that building the solution or 
application back at the workstation is 
itself political work that does not cease 
when one returns from the field. Or, 
to restate, ICTD workers would gain 
from being aware of the political work 
of solution building. Ethnographi-
cally inspired methodological tools do 
not produce objective and transparent 
accounts. These are necessarily par-
tial and embody the researcher’s own 
concerns and subjectivities—in short, 
personal politics [10]. Often, especially 
within ICTD project work, developers 
get deployed as instruments to identify 
problems and answer questions, and 
become a mechanism to strictly and 
narrowly identify end users and their 
needs in the service of system design 
[7]. But coding itself is subjective. Gary 
Downey, (whose book title I shamelessly 
borrowed for this article), in his descrip-
tion of CAD/CAM experimentation and 
instruction in a university lab in late 
1990s, notes moments when engineer-
ing students try to “locate” themselves 
in the coding exercise that produced 
beautiful engineering images [11]. He 
describes the act of coding as the tran-

Ethnographically 
inspired 
methodological 
tools do not 
produce objective 
and transparent 
accounts. These 
are necessarily 
partial and embody 
the researcher’s 
own concerns and 
subjectivities.

scription of human agency to the ma-
chine (by literally entering the codes). 
Consider the distribution of agency that 
is legislated through code. For instance, 
Digital Enterprise developers at their 
workstations in Delhi and Mumbai of-
fices will legislate the relationship be-
tween NREGA beneficiaries and their 
right-to-work program information in 
remote Madhya Pradesh. These ICTD 
workers—the developers moving be-
tween the field and their workstation—
would gain from being cognizant of the 
unique position of power that they em-
bed into their solution. They are also in 
a unique interstitial space between the 
state that runs the existing large NREGA 
database, and what Digital Enterprises 
hopes to sync its own solution to, and 
between a beneficiary group that is far 
away from any meaningful access to the 
system at present. It has the power, how-
ever small its scale, to bridge—or, at the 
very least, interface—between these two 
critical stakeholders. And the design of 
Digital Enterprise’s solution would car-
ry the weight of this interaction. 

conclUsion
In closing, I would like to draw atten-
tion to the growing conversations in 
human computer interaction (HCI) and 
ICTD, on postcolonialism, colonialism 
and computing [12, 13, 14]. Taylor, for 
instance, inverts the commonsensical 
references of “unfamiliar communi-
ties,” far flung places “out there” [14] to 
reflect on what these locations mean for 
HCI, ICTD, and by extension, for com-
puting. He recalls Helen Verran’s exper-
iments with Yoruba-speaking children, 
where she attempts to understand their 
ordering practices of the physical world 
using mundane objects like peanuts, 
water, and Coke. Ultimately, she points 
to the critical work of her own presence, 
her “obsessive bossiness” in the field 
[15], and the practical work of doing sci-
ence that all created the conditions for 
her to capture her findings. I stress the 
need to make these connections, and 
the need to invoke them not just across 
geographies and when speaking about 
the transnational work of ICTD, but 
also within geographies when consid-
ering questions of public engagement, 
design, and power, where skilled com-
puting labor is deployed in the service 
of marginalized communities glob-

ally. The already embedded qualitative 
techniques provide a rich place to start.
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astrid Twenebowa larssen,  
ashesi university College, ghana

ns: how does ashesi university engage 
with its students? Is the model different 
from other government and private 
colleges in ghana? 
AsTRiD TWeneBoWA lARssen: Ashesi 
was founded in 2002 to help develop 
Ghana by offering an alternative to other 
traditional universities in Ghana. Although 
several of Ghana’s presidents have 
studied at the traditional, the institutions 
are crowded and have a reputation 
for producing graduates who lack the 
practical skills necessary to productively 
contribute to the development of 
Ghana. Ashesi offers smaller classes, 
a lower student to professor ratio, and 
a discussion-based format to allow for 
more student engagement. We train our 

students in critical thinking and problem-
solving skills using a project-based 
curriculum to allow them to practice the 
theory they learn. The Ashesi education 
is based on a liberal arts core curriculum 
and throughout our degrees there is 
a focus on ethical conduct. Corporate 
Ghana is reporting that they are finding 
our graduates and their skill sets very 
valuable. 

Ashesi awards scholarships based 
on academic merit, though the concept 
of a scholarship is still new to most 
Ghanaians. We have, however, been able 
to reach students who otherwise would 
not have been able to afford a university 
education. Several of our top performing 
students and alumni have been the first in 
their family to go to university. Each year 
between 30-50 percent of our students 
receive partial or full scholarships.

We are passionate about our approach 
and what we have been able to achieve 
in our first 10 years. Ghana has so much 
potential and Ashesi is an inspiring place 
filled with great people working to fulfill 
Ashesi’s mission—to educate a new 
generation of ethical and entrepreneurial 
leaders for Africa.

ns: as a professor teaching human-
computer interaction in ghana, what are 
the ways in which you contextualize your 
teaching materials?

ATl: In the HCI course I teach I try to give 
the students a general overview of HCI, as 
it is the only HCI course in our computer 
science (CS) curriculum. I have tried 
to develop a course that has all the key 
components of a good user-centered 
design course. I think the core principles 
and methods of good user-centered 
design force a practitioner to engage 
deeply with whatever context they are 
working in and this is where the course 
really differs. Students are studying and 
designing for user groups in the Ghanaian 
context, but learning approaches to 
understanding users and their contexts 
that are universal. 

I conceptually divide the HCI course 
into three main sections: First, developing 
understandings of people: Things like 
how we learn, how we remember and how 
we carry out tasks, as well as methods 
needed to extract this understanding. 
Then, design: What are tools and 
processes for good interaction design? 
Finally, evaluation: Understanding 
the methods available to us in HCI for 
evaluating designs, so that they can be 
refined and improved.

In the Ashesi curriculum, we have 
an explicit focus on critical thinking, 
ethics and leadership. This aims to 
instill concern for others and foster 
transferable skills, including those 
relevant for solving problems in any 
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context. So when students do projects 
they work with real clients with real 
design challenges. For the semester 
project in our HCI course last semester, 
one of the projects was called “Fun 
together through Mobile”. The resulting 
design was not unlike existing social 
software, but it had features with unique 
Ghanaian flavor. one of the features 
I particularly liked was the ability to 
announce your arrival at a party using a 
“whisper” or “shout”. The “whisper” could 
be used to announce your arrival to a 
special someone, while the “shout” was 
used to announce your arrival at a party 
with your entourage.

Another group worked with one of 
our alumni companies to improve their 
bulk SMS messaging services. Sending 
bulk SMS is a common way for churches 
in Ghana to communicate with their 
members. There are several locally 
developed services, though they are 
not necessarily easy to use. one of the 
biggest challenges was to explain the 
importance of standard phone numbers 
so a church staff member can send SMS 
to a large number of people on an ongoing 
basis. The group ended up designing a 
wizard for an Excel plugin.

ns: how do you incorporate the subject 
of ICTd into your teaching?
ATl: The field of HCI engages computer 
scientists and technologists in the task 
of investigating the role of technology 
in whatever context you are operating 
in, and creating technology solutions 
suitable for use in contexts across the 
globe. So I keep questioning whether 
the D in ICTD, and in HCI4D, is really 
necessary. Is it necessary to separate 
ICTD from HCI? Isn’t good user-centered 
design enough to design appropriate 
solutions? other than using ICTD as a 
term that tries to designate a field, I don’t 
really use the terms other than making 
my students aware of them. My colleague, 
Ayorkor Korsah, and I ran a session on 
the topic of “ICT with or without the D” 
at 2012 the ICTD conference, where we 
discussed these topics.

At Ashesi, we provide ICTD and HCI4D 
literature as part of the reading for the 
HCI course, but only because this is where 
most of the literature for our context 
is being published. There is not yet a lot 
of material on technology usage and 
interaction design in Africa that is not 

practices in emerging economies. I work 
with researchers and industry, both in 
and outside of Ghana, to learn about how 
people are using mobile technologies. I 
study mobile Internet use and non-use, 
strategies individuals and groups use for 
managing information and infrastructure 
across multiple SIM cards and phones on 
different networks, and the use of mobile 
technology in literacy building. 

Together with two of my Ashesi 
colleagues, Kajsa Hällberg Adu and 
Kobby Graham, I am experimenting with 
different uses of social media in the 
courses we teach. For example, we ran a 
competition in a first-year writing course 
asking students to use Twitter to write 
engaging micro-stories based on news 
headlines around the world, primarily as 
a way to improve communication skills. 
We are also using course-specific Twitter 
accounts or hashtags, in some cases 
integrated into our courses’ Moodle 
pages, and we use Twitter as a way to 
share resources, reminders and stay in 
touch with our students. 

Finally, I have an interest in 
movement-based interaction. I am 
working with a local game design 
company to turn Azonto, the hugely 
popular Ghanaian dance, into an engaging 
game for touchscreen devices and 
the Kinect. This project also involves 

considered to be ICTD or HCI4D. It often 
seems that all research in technology 
design in Africa is automatically published 
in one of these fields, though I would 
argue this shouldn’t always be the case. 
In other words, just because a piece 
of research is done in Africa doesn’t 
necessarily make it ICTD.

ns: What are some projects you are 
working on?
ATl: one project relevant to this issue 
investigates everyday mobile use 

If you are a designer 
or researcher 
interested in how 
people use, design 
and appropriate 
technology with 
resource constraints 
and ingenuity, you 
will find Africa a 
diverse and amazing 
place to visit.

The new ashesi university campus resides amongst akuapem hills overlooking the 
capital of accra.
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change perceptions, and having impact. 
These projects illustrate initial efforts 
by young technologists. Taking these 
projects to the next level involves 
translating them into real and sustained 
impact for their intended communities.

ns: What is your advice for students 
interested in doing ICTd in africa (both 
locals and visitors)? 
ATl: Thorough user centered design can 
be applied universally. Be rigorous about 
learning about the communities and 
contexts in which your design solutions 
might be implemented. Africa is a large 
and diverse continent that is experiencing 
rapid economic growth. Technology is 
being developed and is used in innovative 
ways. HCI, interaction design, and UX 
are still not recognized in the way they 
are in the U.S., Europe, and parts of Asia. 
Businesses do not see the need for HCI; 
therefore, local information and funding 
are limited for research and commercial 
technology design projects. 

There is not a great body of research 
to draw upon when it comes to HCI and 
interaction design research in Africa. 
Basic statistical information might not 
be complete or correct, if it can be found 
at all. This is both good and bad. If you 
do research based out of Africa there is 
not a lot to build on. But if you do it, it can 
be seminal. overall, if you are a designer 
or researcher interested in how people 
use, design and appropriate technology 
with resource constraints and ingenuity, 
you will find Africa a diverse and amazing 
place to visit.

developing a methodology for extracting 
the understandings we need to 
accomplish this. This would hardly qualify 
as ICTD research. or some might argue 
that it is, by altering perceptions about 
Ghana and Sub-Saharan Africa (for the 
better, hopefully).

ns: What are some projects your 
students are working on?
ATl: As part of their final “leadership 
as Service” course, all Ashesi students 
are required to do volunteer community 
service activities before graduating, 
and a number of student projects have 
been inspired by community service 
experiences. For example, Diana osei, a 
computer science major, is working on 
a continuation of her final year thesis, 
where she looked at ways in which 
technology can help teach people who 
can hear (non-deaf) to use sign language. 
This project was inspired by Diana’s 
community service project at the Cape 
Coast School for the Deaf. During her 
time there, Diana came to realize that 
her communication with the students 
was impoverished because of her lack of 
sign language skills. Diana’s project was 
awarded a Kasahorow Fellowship grant 
earlier this year. 

In other areas, Kezia Sampson (nee 
Arkoh), a management information 
systems (MIS) major, worked with 
children aged 5–7 in two schools in 
two different socio-economic areas 
of Accra, to develop user interfaces 
for basic literacy and numeracy. Her 
work is particularly interesting as it 
evaluated the applicability of principles 
and guidelines for Web application 
development for Ghanaian children. 
Clickonate, headed by Dennis Asamoah-
owusu (CS major) and Alberta Boateng 
(MIS major), is a mobile and Web app for 
donation to causes by having people read 
a short message on their mobiles. Finally, 
Kobla nomi (CS major), is developing 
a 3-D version of oware, a traditional 
Ghanaian board game. oware is from a 
family of African board games known 
as the Mancala games, all of which have 
basic count-and-capture rules of play. 
In the past, these games served as a 
method of instilling and sharpening 
arithmetic skills. 

In each of these projects, Ashesi 
students or recent graduates are using 
their skills and efforts to affect change, 

Joyojeet pal, assistant professor,  
school of Information,  
university of michigan

ns: Can you tell us a little bit about 
yourself and the work you are doing at 
university of michigan?
JoyoJeeT pAl: I work in the School of 
Information where I teach classes on 
technology and economic development. 
Classes in this space tend to be fairly 
multidisciplinary, and you are typically 
likely to read work from anthropology, 
management studies, computer 
science, or from the new yorker. So the 
students likewise tend to be from a 
range of disciplines and backgrounds. 
on research I have students who work 
on a various ICTD-related issues, my 
own work is in assistive technology 
for people with disabilities in low- and 
middle-income countries. on this I 
am interested both in new low-cost 
assistive technologies and social 
and policy issues relating to peoples’ 
adoption of assistive technologies. 
We have just finished a three-country 
study of screen reader use by people 
with vision impairments in India, Jordan, 
and Peru.

ns: you have a rather unusual 
background. Can you tell us more  
about how you got into ICTd?
Jp: I got a bachelor ’s degree in 
commerce in Mumbai, which means  
I am trained as an accountant.  
I spent a few years in India working  
at a newspaper and in Web design.  
In the process I got a contract to 
create a website for a politician –  
this was back in 1998. I was surprised 
at the time at how a politician used  
a technocratic image to project 
himself as progressive leader.  
A few years later, when I was in  

I keep questioning 
whether the D in 
ICTD, and in HCI4D, 
is really necessary. 
Is it necessary to 
separate ICTD 
from HCI? Isn’t 
good user-centered 
design enough to 
design appropriate 
solutions? P
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they want to build or study, and often 
where they want to do it. But being at the 
intersection of engineering and social 
sciences, both of which proceed very 
differently as communities of practice, 
one often needs to know where to build, 
where to wait and study, and where to do 
nothing. Most importantly, if you work 
in ICTD you also need to be comfortable 
working with projects in a range of 
locations, including ones you have no 
experience with.

ns: What does ICTd mean to you? Why is 
it important?
Jp: I see myself primarily as a teacher and 
an academic rather than as a development 
professional—so I see ICTD from that 

the master’s program at the 
Information School in Berkeley, my 
interest was rekindled when I realized 
the campus had a great environment 
for doing ICTD work. This is not just 
because of the community of folks who 
work directly in ICTD, but more because 
of the rich environment of area studies, 
development studies, and design in 
Berkeley. Although I got my Ph.D. in 
regional planning, almost all of my 
research was with a group in computer 
science, and my internships were 
at Microsoft Research. So I had the 
benefit of being on all sides of ICTD.

ns: What is the experience of being a 
faculty in ICTd like?
Jp: The experience of being faculty is 
incredibly rewarding—especially if you 
enjoy teaching and mentoring. As a faculty 
member in ICTD you have the advantage 
and the responsibility of working at the 
intersection of academia and practice. 
So there is a good chance your students 
will end up working on projects and topics 
that require you to advise them on real 
world implementations. Such projects 
have implications for the students as well 
as for the populations with which they 
are working—one needs to be prepared 
for this as a faculty member. The field has 
its share of driven self-starters, so we 
as faculty have the benefit of attracting 
students who come in with an idea of what 

lens. I don’t necessarily belong to either 
camp on the issue of whether technology 
will save or ruin the developing world. To 
me, ICTD gives us a unique forum to not 
only study and discuss these issues, but 
to also play a role in ventures that will be 
plunged into this world. If you look at the 
attendance of the ICTD conference or the 
composition of many of the major groups 
in this space, you will find that this is one 
of the few forums where engineers, social 
scientists, and industry professionals 
work very closely together in a real 
functional way—this is really rare and very 
fulfilling intellectually and personally.

Ed Cuttrell, 
Technology for Emerging Regions (TEm) 
group, microsoft Research

ns: TEm is a highly respected research 
group that has been in existence 
for several years now. What are the 
longitudinal changes that you have 
noticed in the field of ICTd?
eD cUTTRell: our field has changed 
quite a lot in the past eight years. 
When TEM first started up, there was 
a huge focus on IT access among 
many in the field of ICTD. The idea was 
that if computers and connectivity 
were available to people in the global 
south, then all kinds of development 
activities would be made much easier; 
things like education, healthcare, 
governance, and financial inclusion 
would be revolutionized once people 
had access to computing and the 
Internet. As a result, there was a lot 
of energy in figuring out how to deploy 
IT in these areas—essentially a belief 
that “if you build it, they will come.” 
This belief was particularly prevalent 
amongst technologists. We’ve since 
come to understand that it’s much more 

We have a fairly  
low tolerance for 
techno-utopianism; 
we want to see 
genuine evidence 
that a technology is 
both useful in vivo 
and reasonable from  
a cost perspective.
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able to quickly and effectively mirror the 
functionality of clickers [2]. 

one of the major challenges in 
ICTD work is that reliable and rigorous 
evaluation can be much more difficult 
than in other domains. last summer we 
did a study showing just how difficult 
this can be by demonstrating that if 
researchers aren’t careful they can 
easily get grossly biased responses. 
We showed that we could get people to 
say that they prefer obviously inferior 
technology simply by suggesting that it 
was authored by the interviewer. Indeed, 
this is important for anyone doing 
research in which you ask people to 
evaluate technology.

ns: ICTd lies at the intersection of 
several disciplines. In your opinion, how 
does ICTd embrace inter-disciplinarity?
ec: Interdisciplinary work in ICTD is 
critical for success, but it’s very hard. 
ICTD research depends on the tools, 
methods and understanding brought 
by all these different areas. I think that 
most ICTD researchers recognize the 
importance of working with people 
from other fields, and most genuinely 
want to reach out and understand 
the work of these other areas, but it 
can be very challenging. Perhaps the 
biggest obstacle is what I like to call 
“epistemological impedance mismatch.” 
The problem is that these different 
disciplines may have very different 
epistemologies: Ideas of what counts 
as “evidence” or “truth” in anthropology 
or policy may be very different from 
those in engineering or global health. 
The challenge for all these folks is 
agreeing on common frameworks of 
communication and understanding. This 
is very hard, but the potential benefit 
of synergy can be huge. It’s also part of 
what makes working in this area so fun 
and rewarding!

ns: What are some research challenges 
that lie ahead in ICTd?
ec: There are tons of them. one of 
the great things about research in 
ICTD is that there are fascinating 
problems everywhere you look, and 
almost all of them have the potential 
to measurably improve people’s lives. 
The core challenge of most ICTD work 
is design under constraint: constraints 
in infrastructure (power, connectivity, 

transportation), financial constraints, 
educational constraints of users, 
language constraints, and on and on. 
Innovation in this landscape is very 
challenging and it’s quite different from 
the way in which most technologists 
approach research. Rather than starting 
with the bleeding edge of technology, 
one often has to think about approaches 
and technologies that meet all these 
other constraints first. However, ICTD 
researchers also need to be careful not 
to get too bogged down in the now, and 
not be shy about extrapolating out to 
possible futures and how problems might 
be solved then. one example is the use of 
spoken language input and output that 
works for the myriad languages spoken 
throughout developing regions. There 
are huge technical challenges (lack of 
language corpora for training, variations 
in dialects, etc.), as well as fascinating 
UX and design issues. 

ns: msR India has a great internship 
program. how can students interested in 
ICTd work with your team?
ec: Most research internships at MSR 
India (and TEM) are reserved for Ph.D. 
students. In TEM, we sometimes offer 
internships to master’s students, 
particularly if they are in disciplines 
other than computer science (e.g., 
public health, economics, education). 
Interested students can learn more 
about internships by visiting our website 
(https://research.microsoft.com/en-us/
jobs/intern/about_india.aspx).
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complicated than this. While access and 
infrastructure are certainly important, 
the field of ICTD has evolved to begin  
looking at much more targeted 
domains. Research in ICTD now 
tends to focus on technologies that 
are specifically aimed at particular 
problems and contexts—for example 
medical records systems for rural 
health clinics or usable mobile money 
applications used by low-literate people.

A second major change is that ICTD 
research is now much more conscious of 
implementation and rigorous evaluation 
in the field with real users. A project 
intended to be used in rural Ghana or 
a slum in urban India will not be taken 
seriously unless there is evidence that 
it will actually work in the context it’s 
intended for. This is one area where TEM 
has been very successful and is one of 
the main things that attracted me to the 
group. Researchers in TEM are inclined to 
realistic and pragmatic interventions and 
studies, and we have a fairly low tolerance 
for techno-utopianism; we want to see 
genuine evidence that a technology is 
both useful in vivo and reasonable from a 
cost perspective. 

ns: Can you tell us about some current 
projects at TEm?
ec: one of our major research interests 
lies in understanding how computing 
can help to improve global health, and 
especially how mobile phones can be used 
to that end. We have several projects in 
this area. For example, in collaboration 
with Dimagi and Real Medicine 
Foundation (RMF), we conducted a study 
of a deployment of a mobile phone-based 
system for tracking child malnutrition in 
rural India [1]. 

In other areas, we are exploring how 
computing may be used to improve 
education in resource-constrained 
areas. one interesting project in this 
domain is a means to support in-class 
polling (similar to “clicker” technologies) 
at a very low price. When used with 
appropriate pedagogy, clickers have 
been shown to improve teaching 
outcomes. However, clicker systems 
can be very expensive—typically $30 
USD per device, plus a receiver base 
station and the supporting computer. 
By using a standard webcam and laptop 
(or smartphone) together with simple 
codes printed on normal paper, we are 
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lessons and  
opportunities in icT4D: 
Three things  
i did not know before  
i started my research 
If ICT4D aims to effectively answer the grand challenges it faces, young researchers,  
in both design and computer science, must be aware of the consequences  
of how terminology frames this field, be willing to critique and adjust research  
methods and attend to neglected, challenging concepts. 

By Samantha Merritt
DOI: 10.1145/2382856.2382872

s tudents embarking upon Information and Communication Technologies (ICT) 
projects in developing contexts face a challenging subdiscipline within technology 
research. Creating technology for use in developing areas of the world is neither more 
complicated nor an advanced version of doing so in other contexts. Additionally, 

ICT projects in developing contexts will not always be considered a particularly challenging 
problem space; a community of researchers and professionals are hard at work trying to 
change that as you read this issue. In fact, I am one of those (student) researchers. 

Technology design and human-
computer interaction (HCI) work for 
developing areas of the world (ICT4D 
or HCI4D) have gained substantial at-
tention in recent years. In journals and 
at conferences, we typically see two 
kinds of papers: The ones that discuss 
the project and how wonderful it was, 
and the ones that go a little farther to 
delicately address self-critique or chal-
lenges—perhaps even admitting fail-
ure. Due to a lively discourse around 

failure in an open session forum and 
long paper at the recent ICTD 2012 
conference [1], most attendees left with 
a clear impression that the ICT4D com-
munity must diligently curate and fear-
lessly share insightful failures. Sharing 
failed projects identifies for the com-
munity where improvement is needed 
and paints a more accurate landscape 
of ICT4D project success rates. While 
it is important to share findings and 
publish about successful projects, it is 

self-critiques and reflections that are 
more valuable at this time for ICT4D 
and HCI4D. Why? We simply do not 
have the issues of designing and de-
ploying technology in these contexts 
figured out yet. 

The entire project of making digital 
technology for people to use is a rela-
tively new concept in the history of our 
world. It has developed in a relatively 
narrow set of places, with fairly high 
socioeconomic status, education, and 
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is developed and what is not? What is 
developed enough? In publications 
from our community, as well as de-
velopment anthropology, non-profit, 
and government documents, it is clear 
that the precise identity of the concept 
“development” has not been settled. It 
is understandable that we feel uneasy 
with this word. 

The label of the subdiscipline it-
self serves as an intellectual fram-
ing device for the work we do. In HCI, 
reflexivity is an important compo-
nent of practice. In being reflexive, 
researchers often forget to consider 
looking at the very terms and or-
ganizing structures we use. These 
shape how we think, work and com-
municate our findings. This is also 
true for computer science. There is 
work to be done and questions to be 
answered about this—there are op-
portunities in this challenge.

What about methods? ICT4D meth-
ods (and respective methodologies) do 
not always seem to do the work need-
ed for the development context. This 
observation came from a few years of 
repeated literature reviews, required 
coursework, and firsthand through my 
own attempts at exploratory work. 

Though the computer scientists 
reading this probably will not have to 
engage in using ethnographically-in-
spired methods for an ICT4D project, 
their team members likely will. Eth-
nography (and other methods derived 
from the ethnographic discipline) is 
fairly common for user research and 
requirements gathering in develop-
ment contexts. User-centered design 
and participatory design methods are 
also commonly reported in literature 
for the design phase and sometimes 
earlier as part of user research and re-
quirements gathering.

Many critical, reflexive ICT4D con-
tributions published in ACM venues 
employing ethnographic, participa-
tory, or other related methods allo-
cate considerable effort explicating 
methodological concerns and future 
directions for ICT4D projects regard-
ing method adjustments  [4, 5]. Eth-
nography seems to be at the center of 
these concerns; though the participa-
tory design discourse also represents 
a significant body of relevant work. 
Researchers are reporting challenges 

infrastructural development. These 
contextual dimensions matter, and it 
would be naïve to believe that the set 
of digital technology design meth-
ods used in one context will properly 
translate to another without incident. 
Additionally, we know this from re-
searchers who were brave enough to 
publish about how such circumstanc-
es in development contexts surprised 
them and challenged their projects, 
some even to the point of failure.

Going one step further, if you ask 
an HCI researcher, he/she will prob-
ably tell you HCI has only just begun 
to understand how to research and de-
sign effectively for a broader range of 
people (outside of adults in workplace 
settings) in the last 20 years. This ad-
vance in technology design was still 
primarily concerned with Western 
cultures and already well developed 
places. Technology design research-
ers have only just very recently begun 
to address power relationships and 
marginalized populations with some 
academics drawing upon feminism, 
post-colonialism, and other critical 
disciplines to help guide our thinking 
as the field tries to improve. 

Perhaps the one thing we know for 
certain is: We cannot create digital 
technology as if everyone fits into the 
ideal case—the case where our meth-
ods just work and technology is de-
ployed without incident. At all levels of 
digital technology design—from the 
hardware and code to the interfaces 
and aesthetics—we now understand 
that some of our most basic assump-
tions are flawed when moved out of 
the contexts we know and into places 
where digital technology (and all of 
the epistemological, methodological, 
cultural and social associations that 
come with it) represents something 
distinctly foreign.

THe cHAllenges
ICT4D needs brave researchers and 
practitioners—ones who will publish 
failures, self-critiques, and reflec-
tions. This article is an attempt to 
contribute to that as well. This subdis-
cipline has certainly challenged me. 
Each challenge, however, presented 
an opportunity. That is the wonderful 
thing about making the hard choice 
to work in the ICT4D problem space—

there are many unanswered questions 
and plenty of space to contribute and 
participate in the growing commu-
nity. The challenges I have faced (so 
far) pale in comparison to the list one 
could make with an extensive litera-
ture review but I would be remiss to 
keep them to myself.

What’s in a name? For people who 
work in the ICT4D space, I learned the 
name matters a great deal. Specifical-
ly, the “4D” (or “for development”) is 
problematic. Both “for” and “develop-
ment” are troublesome words for re-
flective practitioners and researchers. 
I have learned within what I thought 
was a cohesive set of researchers with 
a common rhetoric, there was much 
disagreement and the name of the 
group itself was not yet settled. 

There was a lively discussion about 
this issue recently as the HCI4D com-
munity was forming an official ACM 
SIGCHI community [2]. There seems 
to be some disagreement about the 
correct label that should be used. Ul-
timately, primarily for the pragmatic 
reason to standardize for recognition 
outside the community, the “4D” stuck. 
Similarly, a related biannual confer-
ence, ICTD deliberately removed the 
“for” in favor of “and” in its own name. 
This conference and some researchers 
choose to modify the terminology to 
change the intentionality that comes 
with the word “for” in favor of the more 
neutral interaction implied by the 
word “and.”  

Scholars have also debated issues 
concerning the concept of “develop-
ment” (see Toyama and Sambasivan for 
further reading [3, 4]). Just what kind 
of development: economic, health, 
education or skills? Who defines what 

ICT4D methods 
(and respective 
methodologies)  
do not always 
seem to do the 
work needed for 
the development 
context.
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development contexts where there are 
looming, tangled concerns about em-
powerment and culture. 

As a student, this can be scary. Nov-
ices lean on the structure of methods 
to help guide our learning and keep 
us from making too many mistakes 
along the way. I have learned maybe we 
should carefully examine just what we 
are leaning on. What should be done 
when the effectiveness of our meth-
ods are questioned? What should we 
do when our methods themselves can 
be objects of study? The answer is of 
course, that we study them. There is 
opportunity in this challenge.

Caution: Slippery concepts ahead. 
There are still some looming and 
tangled concerns: empowerment and 

and complications and modifying 
their methods or creating entirely new 
ones. This indicates perhaps ICT4D 
researchers have some more work to 
do with methods.

This does not imply that the com-
munity of ICT4D researchers does not 
know what it is doing out there in the 
field—quite the contrary. There are a 
lot of inspiring, wonderful, and suc-
cessful projects published that report 
using these methods. However, I sug-
gest we systematically examine the 
methodological (and perhaps even 
epistemological) roots of our meth-
ods used in the field. Doing so might 
help us better understand some of 
our reoccurring challenges and even 
address concerns about working in 

Simply developing 
technology will 
not solve ICT4D 
problems, instead, 
interdisciplinary 
ICT4D teams should 
necessarily engage 
in these complex 
challenges together.
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culture. I have made these slippery 
concepts the foci of my research agen-
da. Lilly Irani (another, more senior 
doctoral student in the ICT4D com-
munity) has ignited great momentum 
with her work on “postcolonial com-
puting,” but there remains much more 
to do if the ICT4D community aims to 
engage these concepts and put knowl-
edge into practice.

Power and culture are just two of 
many possible slippery concepts en-
countered in development projects. 
Politics, ethics, values, religion and 
conflict are a few others that appear 
sometimes; though I am certain there 
is an infinite list. Feminist and post-
colonial studies, mentioned earlier, 
directly address empowerment (or the 
concept of power more generally) and 
should be of significant concern to 
projects in development contexts. 

Empowering users and addressing 
the power relationship between tech-
nology designers and the people for 
which we create digital technology is 
important in all of technology design. 
Power relationships become even 
more important and complex when 
socioeconomic, political, ethnic and 
other concerns are foregrounded—as 
is often the case in ICT4D projects. 

Culture is important; lately the HCI 
design community generally agrees 
on that point, and the ICT4D commu-
nity is beginning to seriously engage 
with culture. Sometimes technology 
researchers talk about the “technol-
ogy culture.” We also know that we 
enact our own culture through our 
technology use and creation. But what 
exactly is culture? How is it defined 
and distinguished? How do technol-
ogy researchers learn about culture? 
How does it relate to the development 
of technology? There are some an-
swers for this in the ICT4D and HCI 
literature, but no cohesive discourse 
and little agreement. 

In ICT4D projects, culture is cen-
tral, as research teams are often multi-
cultural and travel/work transnation-
ally. Of course, often the researchers’ 
do not belong to the same culture for 
which they are creating technology. 
Culture matters, but we rarely address 
it in our work.

We have a lot to learn; things get 
especially messy when culture and 

power become entangled and inter-
act with other slippery concepts in 
our context. Even worse, these con-
cepts are tangled up in every aspect 
of our work, especially methods. As 
I alluded at the beginning of this ar-
ticle, even the label we assign our own 
subdiscipline (ICT4D) is complicated 
with questions of power. Here is our 
challenge and opportunity—ICT4D 
researchers clearly have some very 
slippery concepts to sort out. I have 
only named two (empowerment and 
culture), and in these, many young re-
searchers can carve out a lifetime of 
contributions explicating these con-
cepts in the global technology terrain, 
putting those findings into practice, 
then studying implications, and cri-
tiquing the project as it unfolds.

sTUDenTs in icT4D
Where does that leave a curious stu-
dent wanting to work in ICT4D? A cu-
rious student is hopefully optimistic 
that there are a lot of interesting chal-
lenges and questions waiting to be ad-
dressed; and there is probably a healthy 
yet small dose a fear about choosing to 
make ICT4D the problem space of a 
thesis or dissertation. Getting past that 
fear is a challenge all of its own. Some 
of my mentors cautioned me about 
working in this area. ICT4D work can 
be expensive, time consuming, and, 
well, challenging. If your passion is 
to apply the strengths of our field to 
problems that could significantly make 
improvements to the quality of life for 

some of our fellow humans, this work 
can be extremely rewarding,

The three opportunities I have high-
lighted are important to computer sci-
entists as well as designers working 
in ICT4D. If ICT4D aims to effectively 
answer the grand challenges it faces, 
researchers in both areas must (1) be 
aware of the consequences of how ter-
minology frames this field; (2) willingly 
critique and adjust research methods; 
(3) and attend to neglected, challeng-
ing concepts (empowerment and cul-
ture, for example). As Dodson et al. 
discovered in their study of ICT4D fail-
ures, “technology-centric, goal-diffuse 
approaches to ICTD contribute to un-
satisfactory development results” [1]. 
Simply developing technology will not 
solve ICT4D problems, instead, inter-
disciplinary ICT4D teams should nec-
essarily engage in these complex chal-
lenges together.

ICT4D is a great area to apply our 
collective brain power. The subdisci-
pline is relatively new and full of things 
to figure out. It is also established 
enough that there is a community, pa-
pers, conference tracks, and special 
issues of magazines. We can share our 
lessons, identify our challenges, and 
get to work. 
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We cannot create 
digital technology  
as if everyone  
fits into  
the ideal case— 
the case where  
our methods just 
work and technology 
is deployed  
without incident.

http://www.sigchi.org/communities/hci4d
mailto:sasumerr@indiana.edu
http://samanthamerritt.com/blog/
http://samanthamerritt.com/blog/
http://www.sigchi.org/communities/hci4d




51X R D S  •  w i n t e r 2 0 1 2 •  V o l . 1 9 •  n o . 2

facing the African  
icTD Academic Divide 
This article stitches together the current journey of ICTD researchers based  
in Africa who formed a virtual network, which hopes to contribute toward  
the enhancement of representation within the academic ICTD community. 

By Kathleen Diga
DOI: 10.1145/2382856.2382873

A digital divide exists between the global North and South, otherwise known as 
economically developed nations versus less resourced countries. The same could be 
said within the targeted discipline of Information and Communication Technologies 
for Development (ICTD). Research efforts coming from African-based academics in 

this area represent a small percentage, relative to its population, and especially when being 
published in academic journals or presented at ICTD conferences [1]. This is also the case in 
other disciplines for similar research outputs produced by South African universities.

Such a measurement is limited 
given that much of the research ef-
forts written at universities may not be 
through journals, but in other forms 
[2]. However, even with the inclusion of 
policy briefs and grey literature within 
scholarly communication, emerging 
scholars remain at unique stages of 
learning and changing the ecosys-
tem; being either the determinacy to 
keep the norm (i.e. academic papers 
accepted in Thomson-Reuters Web of 
Knowledge database, formerly known 
as the Institute for Scientific Informa-
tion or ISI) or aiming for alternative or 
more relevant developmental choices 
in scholarly communication.

Given this under-representation in 
global academia, the ICTD research 
field threatens to weaken the true di-
versity and participation of African 
researchers. The current field may find 
itself influencing and leveraging the 

benefits of ICT research and theory 
within a smaller membership of ex-
perts in various ICTD sub- or multi- 
discipline academic communities. The 
minimal formulation and influence 
from Africa to global knowledge sys-
tems means the knowledge produced 
today comes from the side that is 
heard the most frequently, undermin-
ing much of the lesser-written space of 
Africa-based theory and research. 

In an attempt to ameliorate this 
situation and try to build a field of Afri-
can-based researchers in ICTD, the fol-
lowing recommendations have been 
proposed [3]:

•	The global ICTD community must 
recognize the major intellectual con-
tributions that are overlooked if Afri-
can-based institutions and academics 
do not participate in global academic 
spheres. 

•	Institutions should deliver meth-
ods to change such imbalances and 
allow African ICT researchers to gain 

better reach and range from their own 
unique research. 

The first recommendation may be 
obvious to researchers, yet there is a 
surprising non-recognition of qual-
ity global South-based researchers and 
it comes at a loss to our ICTD com-
munity. I could be risking myself in 
speaking on the political economy of 
academia, but human behavior can 
be selfish. There might be an insti-
tutional loss of prestige to lower the 
influence of currently global and well-
recognized institutions in the speak-
ing or writing forum. Further, there 
could be the overwhelming thought 
that when trying to address the poverty 
of the research output diversity in our 
discipline, one would not know where 
to start. Fear cannot be misjudged; nor 
can trust, as well as where or who is 
best to identify the potential for good 
ICTD research to propagate. Addition-
ally, what does it take for mutual re-
spect by North-South or South-South P
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inclusion does not come instantly. 
Effort even from the ground up or in 
the global South must come within a 
timed pace that recognizes histori-
cal injustices and by choice of indi-
viduals and/or its community, which 
takes into account certain environ-
mental conditions (both internal 
and external). Such changes in con-
ditions are working in conjunction 
with interventions such as network 
building and using human capacity 
to lobby for societal welfare improve-
ments. Such interventions are based 
on a deeper assumption that some 
equitable platform is provided to re-
searchers of the South thereby enrich-
ing them to play a part in the ICTD 
academic community. 

Emerging scholars need not wait 
for mechanisms (i.e. mentorship pro-
grams, institutional repositories, 
improved learning processes) and in-
stead should take it upon themselves 
to build their own awareness and net-
work in a currently isolated field of 
ICTD research within Africa. There 
are incredible constraints that affect 

relationships to allow the “unknown” 
or emerging scholars from the global 
South into a research sphere where one 
may not readily open up? The global ac-
ademic space may work counter to the 
one which wants to support scholars 
of the South in order for individuals to 
maintain their own research prestige 
and resources, which make them “ex-
perts” and others not. 

Nevertheless, such extreme views 
of “expert fiefdoms” may not run in 
line with the developmental objec-
tives within a current movement of 
openness and scholarly creations 
through open collaborations. The sec-
ond recommendation assumes rec-
ognition of the first recommendation 
(i.e. recognition of global South-based 
researchers) and puts its trust in forms 
of institutional interventions, which 
counters the current status quo. Insti-
tutions may come in various forms, 
from university or higher educational 
boards’ affirmative action, to smaller 
cases of conference resource subsi-
dies. By putting efforts and resources 
to include African-based researchers 

into the ICTD research network, this 
supports the claims that building the 
capacity of networking would help 
enhance opportunities. Of course, 

We walked away 
with a starting 
discussion around 
what is Africa-
based theory and 
concepts in ICTD, 
particularly around 
the capabilities 
approach, 
human computer 
interactions design 
(HCI-design), and 
community or 
Ubuntu concepts.

attendees at the network’s first ICTd2012 open session in atlanta, ga. 
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tions, approximately 9 percent of out-
puts from the chosen databases came 
from African institutions and mainly 
from South Africa—this was a review 
of 1,633 articles in ICTD and develop-
ment topics. In fact, in the same paper, 
we also identified the International 
Association of Media and Communi-
cation Research (IAMCR) “communi-
cations for development” as one of the 
major themes. In this conference, the 
trend was about 5-8 percent of papers 
from the main conference coming 
from African-based authors and con-
centrating in HIV/AIDS or health com-
munications. We believe the program 
chairs of ICTD2010 placed our Africa 
presentation first on purpose to bring 
to the attention of the ICTD communi-
ty the communal detriment related to 
the lack of African-based researchers 
on the agenda.

After the presentation, we drew quite 
a bit of stir from a well-read blogger, 
Erik Hersman, known as “White Afri-
can” on his blog [4], as well as from more 
mainstream form research media, like 
SciNet [5]. After our conference presen-
tation, a group of emerging research-
ers from Africa gathered together at a 
lunch hour to discuss ways to keep in 
touch with research and events occur-
ring within the continent and beyond 
around ICTD research. At the meeting 
we established our network goals of: 

•	Amplifying individual voices and 
raising the visibility of African ICTD 

emerging scholars and researchers in 
Africa from meeting their publishing 
or research potential. Yet the enthu-
siasm of emerging scholars, who are 
naturally using existing social media 
and basic email list-serv tools, can 
launch a more important keen group 
of young scholars—the human capi-
tal—to bring attention to the ICTD 
research and applied work happen-
ing in parts of Africa. While several 
African ICTD networks have currently 
been formed, there are few which are 
started voluntarily together by young 
emerging scholars and are dedicated 
to ICTD African research. This ar-
ticle takes one interventionist angle 
of young emerging scholars based in 
African institutions whose ground-
up virtual network hopes to start a 
more organic method of continental-
ly shared dialogue and hopes to kick- 
start for new relevant ICTD research 
or collaborations. 

meTHoDology 
The premise of the initial network 
was the belief that those who remain 
on the “ground” or work in the con-
ditions of the global South (in this 
case, sub-Saharan Africa) may well 
be the most relevant in resolving 
the developmental problems which 
plague their direct and everyday in-
teractions. The action research inter-
ventions are iterative and based on 
the needs requested by the network 
members and also look for ways sug-
gested by its members to maintain 
and encourage active membership 
participation. The maintenance of 
the network relies on the action and 
emails of the members. The partici-
pation also considers that learning 
occurs when members are prepared 
to engage and contribute to activi-
ties whether it is organizing confer-
ence papers, sessions, or applying 
for grants. Only when an individual 
member decides to make the effort 
to participate, when they are ready, 
will be the most transformative and 
gain agency from being a member in 
the network. 

oRigins of THe AfRicAn icTD  
ReseARcH neTWoRK  
(icTD2010 lonDon)
The start of the network was initiated 

in London in December 2010 at the 
international conference on Informa-
tion and Communication Technolo-
gies and Development (ICTD2010). As 
the first plenary presentation of the 
conference, our group presented what 
Kentaro Toyama has deemed in his 
blog as a “call to arms.” In the paper 
titled, “ICTD Research by Africans:  
Origins, Interests and Impact,” my col-
leagues and I brought up the discrep-
ancy of African-based authors in aca-
demic papers in the ICTD space. We 
were interested to know what academ-
ic contributions Africans in ICTD were 
making. From our exploratory review 
of ISI World of Knowledge publica-

The initiative is 
self-driven by its 
emerging African 
scholars who 
volunteer their time 
and enthusiasm to 
see that Africa is 
placed on the map  
in recognition of 
ICTD research work.

africa-based scholars, practitioners, and government officials meet for the first time 
to talk about ICTd issues on the continent.
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researchers.
•	Creating a space for researchers to 

tell their own story.
•	Shaping ICTD discourse on quali-

ty research and acceptable publication 
options. 

•	Improving quality of research and 
publication output from Africa, ulti-
mately with the goal of closing the par-
ticipation gap in ICTD research.

By 2011, the research paper from 
ICTD2010 was converted into a popu-
lar magazine article in ACM’s Inter-
actions magazine and the network 
had developed a Google list-serv, a 
blog website, and brought together 
an open session for the following 
ICTD2012 conference in Atlanta, GA. 
It played more as an advocacy piece, 
stating that since the conference we 
have initiated the first virtual network 
of Africa-based emerging scholars in 
ICTD who are most interested in stay-
ing connected and informed about 
the issues of ICTD and being readily 
available to explore research in a col-
laborative direction. 

In March 2012, the network had 
organized an open session that had 
the objective of trying to initiate a dia-
logue on practical means by which we 
can address the under-representation 
of African researchers in formal ICTD 
academic discourse. We opened up an 
opportunity for researchers to send 
us some of their ideas around new 
or existing fundamental theoretical 
concepts, methodologies, and gaps in 
ICTD research in Africa based on Afri-
can researcher perspectives. At the 50- 
to 60-person session, we walked away 
with a starting discussion around 
what is Africa-based theory and con-
cepts in ICTD, particularly around 
the capabilities approach, human 
computer interactions design (HCI-
design), and community or Ubuntu 
concepts. Publishing was also a topic 
for the audience to give their opinion, 
circulating around what their experi-
ences had been and what techniques 
they deemed to work in improving 
African publishing. Overall, traction 
has been gained in deriving some of 
the African based research in ICTD, 
which emerging scholars are interest-
ed in and would like to put forward for 
the next conference to take place in 
Cape Town, South Africa in December 

2013. Some of the future ideas, which 
evolved from the ICTD2012 Atlanta 
meeting, included: 
•	  exploring development of papers 

around the misrepresentation of 
Africa in ICTD research,

•	  ICT and African languages, 
•	    Africa-based theory and 

conceptual frameworks,
•	  ICTs, Africa and faith, and 
•	    the expansion into the 

Francophone sessions. 

DescRipTion
The network is completely voluntary 
and virtual, it is not an established for-
mal entity tied to a non-governmental 
organization (NGO) or any other orga-
nization. Of an emerging scholar net-
work, the virtual membership today 

consists of around 70 members (after 
the ICTD2012 Atlanta conference). 
Previous to the conference, we had 45 
members who all belonged to institu-
tions in sub-Saharan Africa, mainly 
from South Africa (institutional affili-
ations include the University of Cape 
Town and Monash University), Nigeria, 
Ghana, and East Africa. These mem-
bers were mainly Ph.D. candidates, 
some junior faculty members, and 
post-doctoral students. The premise 
of having a majority located at African-
based institutions is to note the vari-
ous struggles understood on the con-
tinent and to develop in the African 
voice, which was distinct in the aca-
demic world. After the Atlanta confer-
ence, we have opened up membership 
to include senior researchers or faculty 
based in Africa as well as African stu-
dents doing their Ph.D. studies in the 
U.S. The feeling was to acknowledge 
the many friends and supporters of 
the global South who wish to strongly 
support the initiatives of the South 
and wish to be involved in the dialogue 
of southern-based research. And fair 
enough, it is not only through a net-
work within the continent, which will 
allow us to develop as a stronger entity, 
but also through the support of oth-
ers. Nevertheless, the understanding 
of ensuring that contextual situations 
where ever research may take place in 

The network’s first ICTd2012 open session ends well, with many new members and 
research ideas to take to the Cape Town conference in 2013.

An African 
Researchers ICTD 
network would allow 
for more research 
collaboration across 
the continent as well 
as with others based 
in the global South. P
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opportunity for researchers to read 
and discuss the proceedings of the 
conference in a critical way, present 
some of their own research or work 
in progress either in one of the con-
ference formats (poster, open session 
paper, or plenary), and participate in 
an informed manner for the duration 
of the conference. As a secondary 
output, the researchers will have a 
chance to meet and network with lo-
cal global South-based researchers. 
In the long term, one would hope that 
an African Researchers ICTD net-
work would allow for more research 
collaboration across the continent 
as well as with others based in the 
global South. 
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Africa or other global South areas must 
not lose sight of the knowledge, which 
may better inform their study. 

Several members are familiar with 
the use of social media tools, many 
using them with various frequencies, 
thus resolving their ambition to use 
such tools for dissemination should 
they develop research outputs that 
are worth distribution. Perhaps part 
of it is taking the risk to develop qual-
ity research outputs. There have been 
nearly 300 discussion topics within 
the list-serv. When there is an activity, 
whether it is an upcoming conference 
or paper deadline, a surge of virtual 
participation takes place. Otherwise 
most of the interaction remains to be 
postings of funding opportunities, 
introductions, and some research or 
popular articles on ICTD in Africa. A 
few discussions have led to writing 
papers for conferences (i.e. CPRafrica 
2012 in Mauritius).

Emerging scholars are further 
down on the academic rung of gaining 
access to the ICTD community. They 
must work hard to build their capacity 
in research as well as be familiar with 
the trends. Nevertheless, some of our 
network researchers are attempting to 
play the global North knowledge sys-
tem by publishing in various journals 
and presenting at targeted confer-
ences. Many of the network member 
projects are also pursuing “develop-
mental impact” from building a CV 
solely by mobile phone (Ummeli.org), 
to providing a virtual intermediary 
system to match informal workers 
to work (Open Air Labour Market Ex-
change) [6]. There is an imbalance 
of the published works versus those 
that are “hands-on” and meeting the 
demands of the most disadvantaged 
[2]. In hosting a virtual group, we are 
starting to recognize a group of young 
African scholars who are interested 
in ICTD and that the network works 
toward contributing to the improve-
ment of the member’s academic status 
or ambition of a better world through 
positive use of ICTs in development 
projects or intent. 

DiscUssion
The idea to create a group of young 
scholars from Africa working in ICTD 
researchers came organically; there is 

a passion to better understand the re-
search field, as well as have the African 
voice heard more prominently. In gath-
ering as a group at lunch at the Royal 
Holloway in 2010, we then launched 
various communication medians 
(blogs, list-servs, Skype meetings, and 
regular correspondence). 

As a result of the last few years, has 
this network contributed to building 
research capacity? At the moment, the 
feedback from the network list-serv 
may not be enough evidence to deter-
mine the contributions of the network 
to the research capacity of emerging 
scholars in the African network. Nev-
ertheless, the initiative is self-driven 
by its emerging African scholars who 
volunteer their time and enthusiasm 
to see that Africa is placed on the map 
in recognition of ICTD research work. 

WAy foRWARD 
The research network has great po-
tential to expand its activities in col-
laboration. For example, as aligned 
with another short-term goal, an 
organizing committee has already 
started preparation for the next ICTD 
conference to take place in Decem-
ber 2013 in Cape Town. As part of 
these preparations, a proposal is be-
ing developed by the committee to 
establish a pre-conference for emerg-
ing scholars from the global South. 
This pre-conference would have an 

Emerging scholars 
need not wait  
for mechanisms  
and instead should 
take it upon 
themselves to build 
their own awareness 
and network in  
a currently  
isolated field  
of ICTD research 
within Africa.

http://Ummeli.org
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User experience  
practices in nairobi’s 
iHub community
How a forthcoming user experience (UX) lab will  
meet the needs of the African technology community.

By Mark Kamau, Angela Crandall, and Kagonya Awori
DOI: 10.1145/2382856.2382874

iHub, Nairobi’s Innovation Hub for the technology community, is an open space for 
technologists, investors, tech companies, and hackers in Kenya. It provides a community 
facility with a focus on supporting young entrepreneurs, Web and mobile phone 
programmers, designers, and researchers. iHub, which opened in March 2010, also engages 

more than 8,000 virtual members via a Web platform and an additional 240 “green” members 
who access a physical space where they co-work on start-up ideas and various other projects.

At the time of this writing, the 
iHub community is preparing to 
launch one of the first user experi-
ence (UX) labs in Africa. UX refers to 
the way a person feels about a par-
ticular product or system, captur-
ing not only user perceptions about 
physical features, but also practical 
aspects such as usability [1]. Good 
UX is more than just good design; it’s 
about solving a user problem. Ensur-
ing a product has good UX is impor-
tant because UX can influence cus-
tomer retention and loyalty, attract 
(or reduce) new users, affect product 
efficiency, and, most importantly, in-
crease overall user satisfaction with a 
particular product or service [2]. 

Studying and understanding UX 
is now a common practice at many of 
the world’s leading technology com-
panies including Ericsson, Samsung, 
and Google. However, such UX Labs 
have yet to emerge in some of the 

countries that need them the most. 
The vast majority of design programs 
in Kenya, and Africa in general, are 
not properly teaching graphic design 
approaches and design thinking. In-
stead, many of these institutions only 
cover tool use (e.g. how to use Adobe 
Illustrator). This has put Kenyans at 
a disadvantage when competing on a 
global scale in the design sector; most 
of us are not able to compete because 
we are not performing at a global stan-
dard. In order for Kenyans to perform 
at such a level, there is a dire need for 
some intervention. That intervention 
is the new iHub UX Lab.

The vision for the iHub UX lab is 
to develop a design thinking and user 
experience culture in the region in 
order to attract, develop, and retain a 
vibrant base of world-class talent that 
will increase in both size and com-
plexity. The major challenge we seek 
to address is the level and quality of 

graphic designers that come out of 
Africa. We’ve identified that there are 
just not enough good graphic design-
ers for each developer that works in 
the African tech environment; rough 
estimates for the Nairobi tech scene 
put it at about 20 developers for each 
average graphic designer. 

As we planned for the iHub UX Lab, 
we wanted to engage the tech com-
munity to better understand their 
current practices of how they get feed-
back from their users. In particular, 
we wanted to validate our observa-
tions and get more information on the 
types of knowledge that iHub mem-
bers currently employ when assess-
ing their users’ experience with their 
products. The iHub team therefore 
undertook a brief study with the aim 
of understanding the methods cur-
rently used by the iHub community 
to identify and correct UX problems. 
Ultimately, the study was intended to 
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by providing training on UX methods 
and different design approaches. For 
example, we found many people iden-
tify product problems through obser-
vation of system flaws and pinpointing 
of malfunctions. This is a typical “de-
veloper” mind-set; that is, if the code 
is broken or if there is a bug, that is 
when there is a problem. This mind-set 
needs to be broadened to incorporate 
design best practices including design 
thinking and other industry standard 
practical training.

meAsURes of sUccess
We asked the iHub community to 
describe how they measured a “suc-
cessful” product. A promising result 
was almost one in every three respon-
dents measured success based on the 
satisfaction of end users, suggesting 
user satisfaction is clearly an impor-
tant consideration for the iHub com-
munity. This idea that the opinion 
of the users is most important (as  

contribute toward identifying imme-
diate gaps and advising on aspects 
to consider as iHub sets up one of the 
first UX labs in Africa.

The open-ended electronic sur-
vey was run in May 2012 and elicited 
108 responses from a variety of com-
munity members including design-
ers, developers, programmers, and 
solution providers. We designed our 
survey to understand how respon-
dents identified problems with their 
systems and tools; how they later go 
about solving those problems; how 
they measure “success” in a product; 
where they go to learn; and whether 
or not they actually know the users 
of their products. In the following 
sections, we review our findings and 
consider how they will inform the de-
sign of the iHub UX Lab.

cURRenT UX pRAcTices
Our first set of findings allowed us to 
understand how the iHub community 

currently identifies problems. A typi-
cal UX approach is to allow potential 
users to try out a product and ask 
them for feedback [3]. However, only 
a handful of our respondents men-
tioned user testing and feedback as 
part of their current practice (e.g., “I 
give [my product to] a user who doesn’t 
have much knowledge and I hear his/
her complaints!”).

This suggests there is an opportu-
nity to encourage user involvement 

In order for Kenyans 
to perform at such 
a level, there is a 
dire need for some 
intervention. That 
intervention is the 
new iHub UX Lab.

ihub: a space for work, play, and collaboration. 
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area of our research, the Open 
Data project, seeks to discover the 
possibilities that lie in exploring 
datasets released for public use by 
the government. Securing funding 
to conduct such studies can be 
a major challenge, especially if 
it is an in-house study such as 
the ICT Hub study. Additionally, 
convincing stakeholders to 
participate in research where they 
cannot see the tangible benefits 
proves difficult, and reduces the 
scope for discovery.

sHARing
Upon acquiring knowledge or 
discovery, the natural next step 
is to share. Ultimately, all studies 
carried out by iHub Research are 
for the benefit of the community, 
whether specific to the technology 
community or the nation at 
large. The research arm aims to 
share the knowledge that it has 
acquired through infographics, 
project reports and blogs, so that 
stories about the community can 
be told. By doing so, we create a 
space for researchers to tell their 
own stories, foster the visibility of 
African researchers, and improve 
the quality of tech research and 
publication output from Africa. 
The greatest challenge lies in 
ensuring that all interested 
parties, including the citizens 
being interviewed on the ground, 
receive the relevant information 
they need from our findings, 
packaged in the appropriate way. 
Our hope is that through our 
research, new solutions can be 
discovered and applied to solve 
real, on-the-ground needs.

Thus, iHub Research aims to 
create new knowledge, discovery, 
and share with the East African 
community and beyond. For 
more information, please visit 
www.research.ihub.co.ke.

—By Angela Crandall  
and Rhoda Omenya

© 2012 ACM 1528-4972/12/12 $15.00

Nairobi’s Innovation Hub, more 
famously known as the iHub, is 
an open space created to provide 
the tech community—technology 
entrepreneurs, programmers, 
designers, and researchers—with 
an environment that enables 
them to think without regard 
to the proverbial box and to 
draw on iHub resources such as 
work space, training, and fellow 
community members for the 
purpose of solving citizen needs 
through novel technologies. To 
meet the ever increasing needs 
of the community, the iHub has 
expanded and created several 
initiatives that supplement 
iHub Core—iHub Consulting, 
iHub UX Lab, iHub Cluster and 
iHub Research.

iHub Research recognizes 
the need for quantitative and 
qualitative research from Africa 
and was born with the mandate 
to spearhead technology 
research in East Africa in three 
distinct ways.

KnoWleDge
The foundational reason for 
carrying out research is to generate 
new knowledge. iHub Research 
seeks to inform decision making 
processes through our work, 
from the policy making level to 
daily decision-making by tech 
entrepreneurs. Our M-Governance 
project, supported by funding 
from the Swedish Program for ICT 
in Developing Regions (SPIDER) 
and Ford Foundation, is studying 
the use of technology to help the 
government deliver essential 

services, such as water, to citizens. 
The outcomes of this study will 
help to inform water-related policy. 
The challenge with such projects 
is to ensure that the results are 
taken on board and utilized fully 
by policy makers. 

DiscoVeRy
It is after acquiring knowledge 
that we can decipher nuances from 
it. Whether carrying out research 
to test a theory or building on 
previous research findings, 
research yields new discoveries. 
The ICT Hub study is a research 
series that is uncovering the 
factors that lead to successful ICT 
Hubs in Africa, with a focus on 
the role of the hubs in fostering 
innovative entrepreneurship. 
The study began with iHub 
before profiling Hive Colab in 
Uganda. The project team is 
about to release its third profile, 
ActivSpaces in Cameroon. Another 

Research at Nairobi’s iHub:  
Discovery and Sharing 
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the iHub community currently uses 
for their on-going education. We 
found almost all of the iHub respon-
dents primarily use the Internet to 
enhance their personal skills. Again, 
this is quite typical of developers 
who often troubleshoot product bugs 

opposed to any defined metrics or 
financial milestones) falls in line 
with our new UX Lab, which, at its 
core, values human-centred design 
and engaging the end user to deter-
mine how a product should be built, 
tweaked, and eventually judged. In 
other words, there is clearly an appe-
tite within the community for learn-
ing and enhancing the UX culture. 
Our UX Training Room, where we 
will teach the principles of UX and 
how it is relevant to a particular prod-
uct or start-up, will help the iHub 
community to have a clearer idea 
about which elements of their prod-
uct are effective, and will help them 
to identify elements that still need to 
be improved. 

TecHnologies foR leARning
In order to determine what educa-
tional resources the UX Lab and 
Training Room should provide, we 
wanted to explore which resources 

using search engines and online fo-
rums with other developers. Three-
quarters of respondents used books, 
and half gained new insights and 
skills from videos and in workshops. 
Only a small handful used network-
ing opportunities, consultation, and 
brainstorms with others.

This finding reveals a gap in link-
ing the iHub community to compe-
tent professionals from around the 
world. Rather than solely relying on 
Internet resources, the new UX Lab 
should build a network of local and 
international design experts, who will 
teach master classes that will enable 
the design and tech community to im-
prove their level of design knowledge. 
Corporate subscription to profession-
al and academic online UX groups 
and libraries is also a recommended 
step for the UX Lab.

KnoWing enD UseRs
We rounded off our survey by explor-

Our UX testing 
facility will help 
develop a global 
standard design 
community and 
spearhead the 
development of a 
user experience and 
design thinking 
culture in Africa.

figure 1. proposed layout of the ihub’s uX lab. 
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ing whether respondents were famil-
iar with the end users of their products 
and systems. Over half of respondents 
believe that they know their end us-
ers, with many of these respondents 
reporting the use of a periodic survey 
or market research to collect statistics 
on their users. Another third identi-
fied their end users through direct 
interaction with them when selling 
their product.

However, another half of the iHub 
community respondents stated they 
do not know their end users. This is 
quite alarming as it raises a fundamen-
tal question of how developers and de-
signers create their products if they 
do not have a targeted user in mind. 
Our new UX Lab will therefore need to 
teach developers and designers how to 
observe, understand, and empathize 
with their end users. 

As emphasized throughout this ar-
ticle, training must form the backbone 
of the new UX Lab. In developing mas-
ter class training we’ve involved the 
design community to help decide on 
our areas of design intervention, and 
we hope to foster new areas of compe-
tence as a result of ethnographically 
engaging the community within which 
we live and work. Feedback and contin-
uous learning from the tech communi-
ty will ensure appropriate adaptation 
of both the content and context of the 
master classes.

In conjunction with the training 
we envision, which we hope will en-
able a UX culture to take root and 
grow within the tech community, our 
UX testing facility will help develop a 
global standard design community 
and spearhead the development of a 
user experience and design thinking 
culture in Africa.

conclUsion
The survey allowed us to understand 
the current UX practices of the iHub 
community in Nairobi, Kenya, and 
have directly informed the proposed 
layout of our UX Lab (as shown in Fig-
ure 1). Although there is a clear inter-
est in developing products that meet 
the needs of users, many members 
of the iHub community are still un-
sure about the design approaches to 
use and have not yet learned enough 
about UX design processes. This sug-

gests the community will benefit from 
a dedicated training and testing space 
where technologists and potential us-
ers come together to develop a design 
thinking and user experience culture 
in the region. 

Design is a way of thinking; it is 
a way of doing things and solving 
problems. Unfortunately, not enough 
designers in Africa have learned a 
toolkit of processes to use for good 
design. This need has become even 
more apparent as the demand to de-
sign systems (through mobile and 
web applications) grows across the 
continent. The iHub UX Lab will build 
a wide network around the world to 
help develop a globally competitive 
African design community.

References

[1] law, E. l.-C., Roto, v., Hassenzahl, M., vermeeren, 
A., and Kort, J. Understanding, scoping and defining 
user experience: a survey approach. In Proceedings 
of the 27th International Conference on Human 
Factors on Computing Systems (CHI 2009). ACM 
Press, new york, 719-728.

[2] Byrom, l. “What is user experience and why do 
you need it?” The Daily Egg. 24 July 2012. http://
blog.crazyegg.com/2012/07/24/what-is-user-
experience/

[3] Dix, A., Finley, J., Abowd, G., and Beale, R. Human-
Computer Interaction (2nd Ed.). Prentice-Hall, Upper 
Saddle River, nJ, 1998.

Biographies

Mark Kamau is iHub’s user experience lab manager. He has 
been working in the multimedia design industry for over 
10 years with experience in several African and European 
countries, including Berlin and Amsterdam. Kamau is 
passionate about user-centred design. He can be reached 
at mark@ihub.co.ke.

Angela Crandall is iHub’s research project manager. She 
specializes in the use of ICT in the East African agricultural 
sector, having conducted research for a Raines fellowship 
in 2009 and a Fulbright fellowship in 2010–2011. Crandall 
is also interested in understanding mobile use at the 
base of the pyramid and the appropriate use of ICT for 
development. She can be reached at angelac@ihub.co.ke.

Kagonya Awori is an independent user experience 
researcher based in nairobi, who works with iHub on 
several research projects. She holds a dual master’s 
degree in human-computer interaction from Carnegie 
Mellon University and the University of Madeira, Portugal. 
Her research interests include local content generation in 
developing communities, localization and globalization, 
and HCI for less industrialized communities. Awori can be 
reached at kagonya@ihub.co.ke.

© 2012 ACM 1528-4972/12/12 $15.00

http://blog.crazyegg.com/2012/07/24/what-is-user-experience/
mailto:mark@ihub.co.ke
mailto:angelac@ihub.co.ke
mailto:kagonya@ihub.co.ke
http://blog.crazyegg.com/2012/07/24/what-is-user-experience/
http://blog.crazyegg.com/2012/07/24/what-is-user-experience/
http://www.acm.org/trets
http://www.acm.org/subscribe


61X R D S  •  w i n t e r 2 0 1 2 •  V o l . 1 9 •  n o . 2

clear that he really wants to make a 
difference in people’s lives, as opposed 
to focusing on the publishing mill often 
characteristic of academia. “Academics 
have done a fantastic job in raising the 
discourse about the role of technology 
in society and community development. 
But despite our publications and 
scholarly activities, it feels as if we have 
been mostly talking among ourselves. 
These important ideas need to get out 
to the rest of the world.” He is equally 
introspective about the differences 
between academia and his new role: 
“A university is an excellent place to 
get the initial training, in terms of an 
undergraduate or graduate program. But 
you have more scope to make a difference 
in an international aid organization, where 
you work with government agencies 
to get things done. likewise, from a 
research standpoint, working out there in 
developing communities, you get to put 
the research base under a stress test. you 
gain a first-hand appreciation for what’s 
missing in the literature, and the policy 
and other real-world constraints that a 
research agenda ought to account for.”

one of his other goals is to increase 
the prominence of ICTD as an area of 
professional practice by focusing on 
long-term career prospects: “Students 
have to be really brave to do graduate 
studies related to ICTD,” he says. “People 
doing ICTD projects often end up going 
elsewhere because they can’t find 
enough satisfying jobs in ICTD after they 
graduate. What we really need to do is 
to advance the thinking among donor 
agencies and other organizations on 
effective approaches for ICTD.” Kam has 
also been involved in growing the ICTD 
academic community. 

In the future, he wants to bring 
more members—both students 
and experienced researchers and 
practitioners—into the field of ICTD. 
Kam is also excited about standing for 
election in ACM SIGCHI to coalesce the 
ICTD community further. “At the end of 
the day, international development is 
about engaging with communities, being 
out there and changing lives. Students 
who are passionate about that will find a 
welcome home in the ICTD community.”

© 2012 ACM 1528-4972/12/09 $15.00

Growing up as a 
teenager, Matthew 
Kam didn’t always plan 
to work so closely with 
technology. Instead, 
his ambition was 

to become a development economist 
who could address problems related 
to global poverty. But it was while 
studying economics at the University of 
California, Berkeley that Kam realized 
his passion for global development could 
be combined with his childhood hobby 
in computer programming and robotics. 
His senior honors thesis in economics 
examined the impact of donating 
computers to low-income households, 
and it was this desire to see real impact 
on the ground that shifted Kam toward 
technology. “When you’re an economist, 
it’s really hard to effect change,” he 
explains. “But with technology, you 
can work at the grassroots level and 
you don’t have to wait for support from 
policymakers to get things done. When 
I started out, there was really no such 
thing as ICT for development, so that was 
probably the computer scientist in me, 
figuring out a much more practical way 
to make an impact. ”

Kam later decided to stay at Berkeley 
for a doctorate in computer science. 
one of his first projects was livenotes; 
a wireless handheld tablet system 
intended to support group learning in 
classrooms. Although he is modest 
about the project’s success, Kam admits 
livenotes was instrumental in directing 
his long-term focus towards educational 
technologies. later, Kam began to realize 
that many of the problems he was trying 
to solve were not technical computer 
science issues but instead called for an 
in-depth understanding of education. He 

describes this as an epiphany, eventually 
leading to his pursuit of a doctoral minor 
in education where he studied topics that 
include literacy studies, the psychology 
of reading, and second-language 
acquisition.

After graduating, Kam joined the 
prestigious Human-Computer Interaction 
Institute at Carnegie Mellon University 
as an assistant professor. Since then, 
his research focus has remained in 
educational technologies, and he 
has overseen numerous projects for 
developing and underserved contexts. 
one project that remains close to Kam’s 
heart is his work on mobile literacy 
learning in India. MIllEE is a project 
that aims to help poor children acquire 
English literacy using educational games 
designed for low-cost cellphones. 

This desire for real-world change has 
fuelled his recent move to the American 
Institutes for Research’s International 
Development Program in Washington D.C., 
where he works as the senior technology 
strategist advising international aid 
organizations and the donor community.  

Talking with Kam, it soon becomes 

matthew Kam   
Technology, impact  
and Development  
By RyAn Kelly 
DOI: 10.1145/2382856.2382876
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ideas, but rather the extremely high 
barriers to entry. In order to take ad-
vantage of mobile band spectrums for 
example, licenses have to be acquired 
and regulation must be navigated in or-
der to get an access point. Wi-Fi on the 
other hand has a much higher capacity 
and much lower costs associated with 
it, but is limited in coverage. With this 
in mind, I chose to work on this topic for 
my class. I joined a project called “FabFi” 
(http://fabfi.fabfolk.com/), which enables  
individuals and communities to fab-
ricate and deploy their own ICT infra-
structure to serve local needs. FabFi 
provides long-range Wi-Fi connectivity 
using low cost materials to boost sig-
nals. Communities can also use this 
technology to build and manage wire-
less mesh networks for their own use. 
FabFi operates a pilot program in Nai-
robi, Kenya and is in the process of 
rolling out a large-scale network in Af-
ghanistan. My specific role in the proj-
ect was to help create a billing system 
that would keep track of bandwidth 
use and also provide a simple cashless 
means of payment. 

As part of the extended fieldwork 
for the class, this past January I had 
the opportunity to work with FabFi 
in Nairobi. I was piloting a system 
that would integrate M-Pesa mobile 
money payments with the FabFi net-
work. M-Pesa is the revolutionary 
mobile money transfer system de-
veloped in Kenya by mobile network 
operator Safaricom. It has quickly 
become a necessary convenience 
in daily life in Kenya and there are 
attempts to replicate the model in 
other African countries. In the con-
text of FabFi, instead of physically 
seeking a FabFi agent to make a di-
rect payment and then have them re-
store your network access, or buying 
a scratch card to key in and restore 
access, the goal of this pilot was sim-
ple. Users with a registered M-Pesa 
account would be able to send pay-
ments to FabFi to automatically have 

ready present in developing countries 
to address new challenges. When 
talking about information commu-
nication technology (ICT) developing 
countries have often been pioneers, 
making great leaps and even surpass-
ing more developed countries in us-
age and innovation, particularly in 
mobile communications. 

The main limitation in innovation 
in ICT has not been hardware or de-
vices, or even entrepreneurship and 

in the autumn of 2011, I enrolled in 
an MIT course called D-Lab-ICT, 
which focuses on information and 
communication technologies. The 

goal of D-Lab is to engage students in 
applying technology to solve challeng-
es in developing countries. While one 
approach to this process is to design 
new technologies from the ground up, 
specifically with developing country 
contexts in mind, another approach 
has been to adapt technologies al-

laBz

D-Lab-ICT:  
Spreading ICT Innovation
Cambridge, Massachusetts 

a homebuilt, high-gain, parabolic Wi-fi antenna used to enable wireless links  
of several miles.  This system was developed by amy sun and keith Berkoben with 
the mIT Center for Bits and atoms (http://www.cba.mit.edu/) in order to  
integrate the innovative mobile phone payment system (m-pEsa) with the mIT 
homegrown Wi-fi system.

http://fabfi.fabfolk.com/
http://www.cba.mit.edu/
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ICT for Education
The idea of using computers in education has a fairly long history, 
but the role they play has changed over the years. Early uses often 
involved using a computer in an instructional capacity, effectively 
playing the role of the teacher transferring knowledge to an individual. 
Over time, common use has involved many more collaborative and 
online elements. The ability for students to work together and to 
receive quicker feedback from instructors in a classroom setting 
shows promise for improving the acquisition of knowledge. There 
are additional benefits that come with the ability to use the same 
technology outside of the classroom to maintain interaction with 
classmates and access to external educational resources. Apple 
tried to take advantage of the rapidly developing educational 
technology market in the late 1990s by introducing the eMate 300, 
but the technology was still too expensive to take off. The eMate was 
discontinued just one year after its release. The more recent One 
Laptop per Child (OLPC) project has, however, seen some success with 
its inexpensive XO-1 laptop. OLPC is targeting education, but is focused 
on developing nations and other underdeveloped regions. As the 
technology continues to get cheaper, such products will only become 
more accessible to those in need.    —Finn Kuusisto

their accounts restored or updated. 
This adds convenience to the cus-
tomer who is no longer constrained 
by timing and distance, and reduces 
the costs of the network operators 
tasked with handling cash payments. 

This integration typifies the kinds 
of innovations that are set to bring 
about dramatic changes in the way 
businesses model themselves, while 
opening up immense new opportuni-
ties for entrepreneurs. Where Internet 
access is limited, such feature phone 
applications can do for developing 
countries what online payment meth-
ods did for the developing world. As 
FabFi seeks to expand, bringing Wi-
Fi connectivity to remote areas, the 
stage is indeed being set to channel 
the demonstrated innovative ability of 
higher bandwidth applications to ad-
dress developing country needs—all 
served by open source ware and open 
source techniques. The impact could 
indeed be significant.

My experience working with the D-
Lab class and FabFi project has given 
me the opportunity to learn about ex-
tending advanced technologies using 
low cost techniques, and also to meet 
innovative young entrepreneurs im-
plementing their visions, which has 
been a great inspiration. It is perhaps 
most interesting to see how engineer-
ing innovation from students in the 
U.S. can be combined with locally-
grown innovation in Kenya to create 
new business models that can be ex-
ported globally. 

I hope educational programs such 
as these help foster stronger collabo-
ration between engineering students, 
entrepreneurs, and ICT organiza-
tions around the world. 

Biography

Jonathan Kola recently graduated from Harvard College 
with a degree in electrical engineering and computer 
science. He is currently working with a startup called 
Wecyclers that provides incentives to low-income 
households in lagos, nigeria to recycle their waste.

emate 300 Xo – 1.5
Developer Apple Inc. one laptop per Child

Manufacturer Apple Inc. Quanta Computer

Release Year 1997 2010

Price (2012 $) ~$1,150 ($800 in 1997) ~$200

Operating System newton Fedora (linux)

Display 6.8” 480x320 7.5” 1200x900

CPU 25 MHz, ARM 710a 400-1000 MHz, vIA C7

RAM 3 MB 512-1024 MB

Weight ~4 lbs. ~3 lbs.

Target Market Education Developing countries, 
education

Design Goals low-cost low-cost, low-power, 
small, rugged, open-source
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iterative numerical methods  
for nonlinear systems
By mARinKA ZiTniK

A mathematical model char-
acterizes the system using 
mathematical language and 
concepts. Mathematical mod-

eling is adopted not only in engineering 
disciplines, but is also intensively used 
in social and natural sciences. Its in-
sightful applications may help to explain 
the observed system, study system’s 
effects, and predict future behavior. As 
such, modeling in the broad sense can 
potentially create great value for disad-
vantaged populations in numerous areas 
of human endeavour.

Here we present some valuable 
techniques in mathematical modeling 
by outlining basic, iterative numerical 
methods for solving nonlinear systems of 
equations.

Suppose we are given a system of 
nonlinear equations

f1(x1; x2; : : : ; xn) = 0
f2(x1; x2; : : : ; xn) = 0

 
   fn(x1; x2; : : : ; xn) = 0; (1)
written shortly as F(x) = 0, where x ∈ Rn 
and F: Rn → Rn.

For the vast majority of practical 
problems no exact solution to the system 
in Eq. 1 can be found by a direct method, 
therefore iterative methods have been 
proposed. These have some advantages 
over direct methods.

Firstly, if the system of equations 
is large and sparse, iterative methods 
reduce memory usage whereas direct 
methods may eliminate the sparseness 
of the matrix representation. Further, 
in iterative methods we can influence 
the accuracy of the computed result. A 
higher number of executed iteration steps 
implies a better approximation at the cost 
of a greater amount of resources being 

spent. When a sufficient solution requires 
only a few exact decimal places, we can do 
only so many steps of an iterative method 
as necessary to reach proper accuracy. 
This is not an option in direct methods, 
as we always spend the same number of 
iteration steps to get to the result.

In a high-dimensional system de-
termining the initial approximation of 
the solution is difficult without knowing 
the system’s background. In the case 
of searching roots of a simple low-
dimensional function we can use the 
graphical representation for estimating 
the initial values. If the system consists 
of two equations, one can simply look for 
an intersection of two implicitly given 
functions. The generalization is more 
complicated and can utilize the use 
of numerical continuation, variational 
methods, linear model approximation, 
and system reductions.

We use presented techniques to 
numerically solve a nonlinear complex 
equation

 z4 + z + 1 = 0, (2)
where z is a complex variable. Using 
standard substitution z = x + iy, x ∈ R, y ∈ 
R, Eq. 2 is translated to the system of two 
real equations
 x4 – 6x2y2 + x + y4 + 1 = 0

 4x3y – 4xy3 + y = 0;  (3)
which we have yet to solve. The methods 
for solving nonlinear systems overlap in 
their analysis and motivation with opti-
mization techniques discussed in Bur-
den et. al. and Kelley [1, 2]. Characteris-
tics such as trust regions, line searches, 
and inexact solution of the linear algebra 
subproblems at each iteration step are 
vital in both optimization and solving 
nonlinear systems, as are derivative 
evaluation and global convergence.

prerequisites
our implementation is in the Python 
programming language using numPy, 
an efficient Python scientic computing 
extension, which adds support for large 
multi-dimensional arrays and matrices 
and contains a library of mathematical 
functions. We begin by importing the 
needed functions. 

from numpy import mat
from numpy . linalg import 
solve , norm

Jacobi Iteration
Jacobi iteration is a generalization of 
ordinary iteration method. The system 
F(x) = 0 is rewritten to an equivalent 
form x = G(x), where G : Rn → Rn is a 
n-dimensional function. The Jacobi  
iteration forms a sequence of 
approximations by iteratively applying the 
function G on the current approximation 
to the solution, such that the result 
at step r + 1 is given by formula x(r+1) = 
G(x(r)). The following Python function 
reformulates the system of equations in 
a way to comply with the denition of the 
function G. (See Definition 1.)

The order of convergence depends 
on the properties of the Jacobian matrix 
of function F, which is the matrix of 
function’s first order partial derivatives 
with respect to the variable vector x. The 
sufficient condition for the convergence 
independent of the initial value is the 
spectral radius of the Jacobian matrix 
being less than one.

The Jacobi iteration method is a 
simple parallel algorithm as computa-
tions of components x(r)

i ; i = 1, ..., n are 
independent of each other and little effort 
is needed to reduce execution time by 
running them in separate parallel tasks. If 
one computes components of vector x(r+1) 
in order and takes the newly computed 
values x 1 

(r+1)   , ..., x i–1 
(r+1) into account when 

computing x 1 
(r+1)   ; the Jacobi iteration 

is renamed the Seidl iteration method. 
Seidl iteration usually converges faster 

hEllo WoRld

definition 1. 

x

4 − 6x2
y

2 + x+ y

4 + 1 = 0

4x3
y − 4xy3 + y = 0, (3)

which we are yet to solve. The methods for solving nonlinear systems overlap in their analysis and motivation
with optimization techniques discussed in [2] and [3]. Characteristics such as trust regions, line searches and
inexact solution of the linear algebra subproblems at each iteration step are vital in both optimization and
solving nonlinear systems, as are derivative evaluation and global convergence.

2 Prerequisites

Our implementation is in Python programming language using NumPy, an efficient Python scientific com-
puting extension, which adds support for large multi-dimensional arrays and matrices and contains a library
of mathematical functions. We begin by importing the needed functions.
from numpy import mat

from numpy.linalg import solve , norm

3 Jacobi Iteration

Jacobi iteration is a generalization of ordinary iteration method. The system F (x) = 0 is rewritten to an
equivalent form x = G(x), where G : Rn ! Rn is a n-dimensional function. The Jacobi iteration forms
a sequence of approximations by iteratively applying the function G on the current approximation to the
solution, such that the result at step r + 1 is given by formula x

(r+1) = G(x(r)). The following Python
function reformulates the system of equations Eq. 3 in a way to comply with the definition of the function
G.
def G(X):

return mat([-X[0 ,0]**4+6*X[0 ,0]**2*X[1 ,0]**2-X[1,0]**4-1,

-4*X[0 ,0]**3*X[1 ,0]+4*X[0,0]*X[1 ,0]**3]).T

The order of convergence depends on the properties of the Jacobian matrix of function F , which is
the matrix of function’s first order partial derivatives with respect to the variable vector x. The sufficient
condition for the convergence independent of the initial value is the spectral radius of the Jacobian matrix
being less than one.

Jacobi iteration method is a simple embarrassingly parallel algorithm as computations of components

x

(r)
i , i = 1, . . . , n are independent of each other and little e↵ort is needed to reduce execution time by running

them in separate parallel tasks. If one computes components of vector x(r+1) in order and takes the newly

computed values x
(r+1)
1 , . . . , x

(r+1)
i1 into account when computing x

(r+1)
i , the Jacobi iteration is renamed to

Seidl iteration method. Seidl iteration usually converges faster although some counterexamples exist. Below
is the implementation of the Jacobi iteration method through function jacobi iteration.
def jacobi_iteration(G,X0,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

X1 = G(X0)

err = norm(X1 -X0)

i += 1

X0 = X1

return X1

4 Newton Method

Newton method lies at the heart of many important algorithms. It forms the sequence x

(r+1) = x

(r) −
JF (x

(r))1
F (x(r)), r = 0, 1, . . . and JF (x

(r)) represent the Jacobian matrix. Instead of computing inverse
Jacobian matrix one solves the system of linear equations which is numerically more stable and efficient.

2
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although some counterexamples exist. 
Below is the implementation of the Jacobi 
iteration method through function ja-
cobi _ iteration.

Newton method
The newton method lies at the heart of 
many important algorithms. It forms the 
sequence x(r+1) = x(r) – JF (x

(r))–1F(x(r)); r = 0, 
1, ... and JF (x

(r)) represent the Jacobian 
matrix. Instead of computing the inverse 
Jacobian matrix, one solves the system 
of linear equations, which is numerically 
more stable and efficient.

The newton method is derived using 
Taylor series expansion [3, 4]. The order of 
convergence is quadratic near the simple 
root of nonlinear equation, but a good 
initial value is needed to achieve it. The 
chaotic behavior of the newton method 
and its sensitive dependence on starting 
point is depicted in Figure 1. It shows a 
map of starting points and which solution 
they converge to with the equation Eq. 2. 
The boundary is a fractal and paradoxical-
ly between any two colors in the boundary 
there exists the third. Several variations 
of the newton method were developed in 
the search of alternative algorithms such 
as the relaxed newton method.

The Python function F expresses the 
nonlinear system from Eq. 3 and Python 
function named JF implements the Jaco-
bian matrix of the system. (See Definition 2.)

The newton method is implemented 
in function newton, which takes as 
parameters the function describing the 
nonlinear system F and its Jacobian 
matrix JF together with the initial value to 
the solution of F X0, maximum number of 
executed iteration steps k and accept-
able tolerance tol, the latter two being 
used as a stopping condition.

Quasi-Newton methods
The newton method is computationally 
intensive when the number of equations n 
is large. If the Jacobian matrix is full, one 

needs to calculate n2 partial derivatives 
in each step of the algorithm and then 
solve the linear system with matrix size 
of n × n which might require as much 
as O(n3) operations. For this reason, 
and because we often do not know the 
partial derivatives, we sacrice the faster 
convergence for the algorithm that does 
not need the partial derivatives evaluation 
and resembles the secant method [1]. 
This approach is known as quasi-newton 
approach and its numerous variants are 
described in numerical optimization [4].

let Br denote the approximation for 
the Jacobian matrix JF (x(r)). The idea of 
quasi-newton methods is to base the 
matrix Br on the Hessian approximation 
of second-order partial derivatives built 
up from the gradient values from some 
previous iteration steps.

The methods used by most numeri-
cal packages are the Broyden-Fletcher-
Goldfarb-Shanno (BFGS) updates and the 
limited memory l-BFGS method for the 
large systems of equations. one step of 
the quasi-newton method consists of: 
(i) solving the system Br∆x(r) = –F(x(r), (ii) 
setting x(r+1) = x(r) + ∆x(r) , and (iii) comput-
ing Br+1 for the next iteration step.

We implement here the well-known 
Broyden method, available in function 
broyden. The Broyden method takes 
Br+1 to be the closest matrix to matrix Br 
which satisfies the secant condition. (See 
Definition 3.)

The initial matrix B0, passed as  
parameter B0 to broyden function, 
should approximate the Jacobian matrix 
JF (x(0)); in the worst case it can be the 
identity matrix. Theoretical analysis 

figure 1: The nonlinear system in Eq. 3 has four solutions, each is colored dis-
tinctly. Initial values for both variables in Eq. 3 have been repetitively selected 
from the area in the plane around the origin of the Cartesian coordinate system to 
depict the Newton method convergence. Each point on the graph has the color of 
the solution to which the Newton method has converged, if the method was initial-
ized with point’s coordinates. positions in the plane representing initial values for 
which the Newton method has not converged are colored black.
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which we are yet to solve. The methods for solving nonlinear systems overlap in their analysis and motivation
with optimization techniques discussed in [2] and [3]. Characteristics such as trust regions, line searches and
inexact solution of the linear algebra subproblems at each iteration step are vital in both optimization and
solving nonlinear systems, as are derivative evaluation and global convergence.

2 Prerequisites

Our implementation is in Python programming language using NumPy, an efficient Python scientific com-
puting extension, which adds support for large multi-dimensional arrays and matrices and contains a library
of mathematical functions. We begin by importing the needed functions.
from numpy import mat

from numpy.linalg import solve , norm

3 Jacobi Iteration

Jacobi iteration is a generalization of ordinary iteration method. The system F (x) = 0 is rewritten to an
equivalent form x = G(x), where G : Rn ! Rn is a n-dimensional function. The Jacobi iteration forms
a sequence of approximations by iteratively applying the function G on the current approximation to the
solution, such that the result at step r + 1 is given by formula x

(r+1) = G(x(r)). The following Python
function reformulates the system of equations Eq. 3 in a way to comply with the definition of the function
G.
def G(X):

return mat([-X[0 ,0]**4+6*X[0 ,0]**2*X[1 ,0]**2-X[1,0]**4-1,

-4*X[0 ,0]**3*X[1 ,0]+4*X[0,0]*X[1 ,0]**3]).T

The order of convergence depends on the properties of the Jacobian matrix of function F , which is
the matrix of function’s first order partial derivatives with respect to the variable vector x. The sufficient
condition for the convergence independent of the initial value is the spectral radius of the Jacobian matrix
being less than one.

Jacobi iteration method is a simple embarrassingly parallel algorithm as computations of components
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(r)
i , i = 1, . . . , n are independent of each other and little e↵ort is needed to reduce execution time by running

them in separate parallel tasks. If one computes components of vector x(r+1) in order and takes the newly

computed values x
(r+1)
1 , . . . , x

(r+1)
i1 into account when computing x

(r+1)
i , the Jacobi iteration is renamed to

Seidl iteration method. Seidl iteration usually converges faster although some counterexamples exist. Below
is the implementation of the Jacobi iteration method through function jacobi iteration.
def jacobi_iteration(G,X0,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

X1 = G(X0)

err = norm(X1 -X0)

i += 1

X0 = X1

return X1

4 Newton Method

Newton method lies at the heart of many important algorithms. It forms the sequence x

(r+1) = x

(r) −
JF (x

(r))1
F (x(r)), r = 0, 1, . . . and JF (x

(r)) represent the Jacobian matrix. Instead of computing inverse
Jacobian matrix one solves the system of linear equations which is numerically more stable and efficient.
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The Newton method is derived using Taylor series expansion [4, 5]. The order of convergence is quadratic
near simple root of nonlinear equation, but a good initial value is needed to achieve it. The chaotic behaviour
of the Newton method and its sensitive dependence on starting point is depicted in Figure 1. It shows a
map of starting points and which solution they converge to with the equation Eq. 2. The boundary is a
fractal and paradoxically between any two colours in the boundary there exists the third. Several variations
of Newton method were developed in the search of alternative algorithms such as relaxed Newton method.

The Python function F expresses the nonlinear system from Eq. 3 and Python function named JF imple-
ments the Jacobian matrix of the system.

def F(X):

return mat([X[0 ,0]**4 -6*X[0 ,0]**2*X[1 ,0]**2+X[0 ,0]+X[1 ,0]**4+1 ,

4*X[0 ,0]**3*X[1,0]-4*X[0 ,0]*X[1 ,0]**3+X[1 ,0]]).T

def JF(X):

d1 = 4*X[0 ,0]**3 -12*X[0]*X[1 ,0]**2+1

d2 = -12*X[0 ,0]**2*X[1 ,0]+4*X[1 ,0]**3

return mat([[d1 , d2],[-d2, d1]])

The Newton method is implemented in function newton, which takes as parameters the function describ-
ing the nonlinear system F and its Jacobian matrix JF together with the initial value to the solution of F
X0, maximum number of executed iteration steps k and acceptable tolerance tol, the latter two being used
as stopping condition.

def newton(F,JF,X0 ,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

dX = solve(JF(X0),-F(X0))

X1 = X0+dX

err = norm(X1 -X0)

i += 1

X0 = X1

return X1

5 Quasi-Newton Methods

The Newton method is computationally intensive when the number of equations n is large. If the Jacobian
matrix is full, one needs to calculate n

2 partial derivatives in each step of the algorithm and then solve the
linear system with matrix size of n⇥n which might require as much as O(n3) operations. For this reason and
because we often do not know the partial derivatives, we sacrifice the faster convergence for the algorithm
that does not need the partial derivatives evaluation and resembles the secant method [2]. This approach is
known as quasi-Newton approach and its numerous variants are described in [5].

Let Br denote the approximation for the Jacobian matrix JF (x
(r)). The idea of quasi-Newton methods

is to base the matrix Br on the Hessian approximation of second-order partial derivatives built up from the
gradient values from some previous iteration steps.

The methods used by most numerical packages are the Broyden-Fletcher-Goldfarb-Shanno (BFGS) up-
dates and the limited memory L-BFGS method for the large systems of equations. One step of the quasi-
Newton method consists of: (i) solving the system Brx

(r) = −F (x(r), (ii) setting x

(r+1) = x

(r) + x

(r)

and (iii) computing Br+1 for the next iteration step.
We implement here the well known Broyden method, available in function broyden. The Broyden method

takes Br+1 to be the closest matrix to matrix Br which satisfies the secant condition.

def broyden(F,B0,X0,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

dX = solve(B0 ,-F(X0))

X1 = X0+dX

dF = F(X1)-F(X0)

tmp = (dF -B0.dot(dX))/(dX.T.dot(dX))

B0 = B0+tmp.dot(mat(dX).T)

err = norm(X1 -X0)

i += 1

X0 = X1

return X1
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d1 = 4*X[0 ,0]**3 -12*X[0]*X[1 ,0]**2+1

d2 = -12*X[0 ,0]**2*X[1 ,0]+4*X[1 ,0]**3

return mat([[d1 , d2],[-d2, d1]])

The Newton method is implemented in function newton, which takes as parameters the function describ-
ing the nonlinear system F and its Jacobian matrix JF together with the initial value to the solution of F
X0, maximum number of executed iteration steps k and acceptable tolerance tol, the latter two being used
as stopping condition.

def newton(F,JF,X0 ,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

dX = solve(JF(X0),-F(X0))

X1 = X0+dX

err = norm(X1 -X0)

i += 1

X0 = X1

return X1

5 Quasi-Newton Methods

The Newton method is computationally intensive when the number of equations n is large. If the Jacobian
matrix is full, one needs to calculate n

2 partial derivatives in each step of the algorithm and then solve the
linear system with matrix size of n⇥n which might require as much as O(n3) operations. For this reason and
because we often do not know the partial derivatives, we sacrifice the faster convergence for the algorithm
that does not need the partial derivatives evaluation and resembles the secant method [2]. This approach is
known as quasi-Newton approach and its numerous variants are described in [5].

Let Br denote the approximation for the Jacobian matrix JF (x
(r)). The idea of quasi-Newton methods

is to base the matrix Br on the Hessian approximation of second-order partial derivatives built up from the
gradient values from some previous iteration steps.

The methods used by most numerical packages are the Broyden-Fletcher-Goldfarb-Shanno (BFGS) up-
dates and the limited memory L-BFGS method for the large systems of equations. One step of the quasi-
Newton method consists of: (i) solving the system Brx

(r) = −F (x(r), (ii) setting x

(r+1) = x

(r) + x

(r)

and (iii) computing Br+1 for the next iteration step.
We implement here the well known Broyden method, available in function broyden. The Broyden method

takes Br+1 to be the closest matrix to matrix Br which satisfies the secant condition.

def broyden(F,B0,X0,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

dX = solve(B0 ,-F(X0))

X1 = X0+dX

dF = F(X1)-F(X0)

tmp = (dF -B0.dot(dX))/(dX.T.dot(dX))

B0 = B0+tmp.dot(mat(dX).T)

err = norm(X1 -X0)

i += 1

X0 = X1

return X1
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end

shows that instead of naive implementa-
tion of the broyden method it is  
better to directly update the inverse of 
the Jacobian matrix using the Sherman-
Morrison formula. This variation is com-
monly known as good Broyden formula, 
implemented in good broyden function. 
(See Definition 4.)

variational methods
Suppose we search an extreme of a twice 
continuously differentiable function F 
: Rn → R. The necessary condition for 
a point x to achieve an extrema is that 
function’s gradient in x equals zero. If x 
is a stationary point of a function, then 
a Hessian matrix of second order partial 
derivatives decides about the type and 
existence of the extrema. Finding an 
extrema of a multivariate function F is 
executed by solving a nonlinear system 
of equations. However, it goes in the 
opposite direction as well. As we did 
earlier, let F describe the system we try 
to solve. We construct a new function 
S(x) = ∑ n

i=1 f i
2(x), which achieves its 

global minimum in exactly solutions of 
the system F.

Therefore almost any method  
suitable for searching the global  
minimum of a function of n variables 
can be used for solving the nonlinear 
system of equations. These include 
general descent algorithms and  
methods such as gradient, coordinate, 
and conjugate descent.

Numerical Continuation
numerical continuation is an approach 
of numerically approximating solutions 
of a system of parametrized nonlinear 
equations. As it is often difficult to 
find a good initial approximation 
we can introduce an additional 
parameter. The idea is to choose a 
simpler related problem, which we 
know how to solve, and then with 
additional parameters continuously 
translate the simpler problem to the 
nonlinear system of equations. We 
expect that by continuously changing 
the problem the solutions will also 
continuously move, and so by tracing 
well-known solutions of the simpler 
problem we will come to desired 
solutions of the nonlinear system.

The numerical methods for solving 

ordinary dierential equations are used 
for tracing the solutions of the simpler 
problem. Usually we use a combination 
of a predictor-corrector technique by 
first applying a method for ordinary dif-
ferential equation with initial condition 
(e.g. the Euler method) and proceed by 
computing the solution to the nonlinear 
system from the result of differen-
tial equation with one of the methods 
discussed earlier. numerical continua-
tion is detailed in Allgower and Georg’s 
numerical Continuation Methods [5].

Conclusion
Described techniques are part of a 
fundamental suite of useful algorithms 
widely applicable in numerical 
modeling and often used as building 
blocks in many computer science and 
engineering approaches. numerical 
models can take many forms, 
including static and dynamic systems, 

differential equations, statistical or 
game theoretic models. It is common 
for different types of models to overlap 
and involve a variety of heterogeneous 
structures. Although one may 
recognize studying numerical methods 
as tedious work, their wide applicability 
and valuable insights on the modeled 
system always prevail.
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definition 4. 

The Newton method is derived using Taylor series expansion [4, 5]. The order of convergence is quadratic
near simple root of nonlinear equation, but a good initial value is needed to achieve it. The chaotic behaviour
of the Newton method and its sensitive dependence on starting point is depicted in Figure 1. It shows a
map of starting points and which solution they converge to with the equation Eq. 2. The boundary is a
fractal and paradoxically between any two colours in the boundary there exists the third. Several variations
of Newton method were developed in the search of alternative algorithms such as relaxed Newton method.

The Python function F expresses the nonlinear system from Eq. 3 and Python function named JF imple-
ments the Jacobian matrix of the system.

def F(X):

return mat([X[0 ,0]**4 -6*X[0 ,0]**2*X[1 ,0]**2+X[0 ,0]+X[1 ,0]**4+1 ,

4*X[0 ,0]**3*X[1,0]-4*X[0 ,0]*X[1 ,0]**3+X[1 ,0]]).T

def JF(X):

d1 = 4*X[0 ,0]**3 -12*X[0]*X[1 ,0]**2+1

d2 = -12*X[0 ,0]**2*X[1 ,0]+4*X[1 ,0]**3

return mat([[d1 , d2],[-d2, d1]])

The Newton method is implemented in function newton, which takes as parameters the function describ-
ing the nonlinear system F and its Jacobian matrix JF together with the initial value to the solution of F
X0, maximum number of executed iteration steps k and acceptable tolerance tol, the latter two being used
as stopping condition.

def newton(F,JF,X0 ,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

dX = solve(JF(X0),-F(X0))

X1 = X0+dX

err = norm(X1 -X0)

i += 1

X0 = X1

return X1

5 Quasi-Newton Methods

The Newton method is computationally intensive when the number of equations n is large. If the Jacobian
matrix is full, one needs to calculate n

2 partial derivatives in each step of the algorithm and then solve the
linear system with matrix size of n⇥n which might require as much as O(n3) operations. For this reason and
because we often do not know the partial derivatives, we sacrifice the faster convergence for the algorithm
that does not need the partial derivatives evaluation and resembles the secant method [2]. This approach is
known as quasi-Newton approach and its numerous variants are described in [5].

Let Br denote the approximation for the Jacobian matrix JF (x
(r)). The idea of quasi-Newton methods

is to base the matrix Br on the Hessian approximation of second-order partial derivatives built up from the
gradient values from some previous iteration steps.

The methods used by most numerical packages are the Broyden-Fletcher-Goldfarb-Shanno (BFGS) up-
dates and the limited memory L-BFGS method for the large systems of equations. One step of the quasi-
Newton method consists of: (i) solving the system Brx

(r) = −F (x(r), (ii) setting x

(r+1) = x

(r) + x

(r)

and (iii) computing Br+1 for the next iteration step.
We implement here the well known Broyden method, available in function broyden. The Broyden method

takes Br+1 to be the closest matrix to matrix Br which satisfies the secant condition.

def broyden(F,B0,X0,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

dX = solve(B0 ,-F(X0))

X1 = X0+dX

dF = F(X1)-F(X0)

tmp = (dF -B0.dot(dX))/(dX.T.dot(dX))

B0 = B0+tmp.dot(mat(dX).T)

err = norm(X1 -X0)

i += 1

X0 = X1

return X1
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matrix is full, one needs to calculate n

2 partial derivatives in each step of the algorithm and then solve the
linear system with matrix size of n⇥n which might require as much as O(n3) operations. For this reason and
because we often do not know the partial derivatives, we sacrifice the faster convergence for the algorithm
that does not need the partial derivatives evaluation and resembles the secant method [2]. This approach is
known as quasi-Newton approach and its numerous variants are described in [5].

Let Br denote the approximation for the Jacobian matrix JF (x
(r)). The idea of quasi-Newton methods

is to base the matrix Br on the Hessian approximation of second-order partial derivatives built up from the
gradient values from some previous iteration steps.

The methods used by most numerical packages are the Broyden-Fletcher-Goldfarb-Shanno (BFGS) up-
dates and the limited memory L-BFGS method for the large systems of equations. One step of the quasi-
Newton method consists of: (i) solving the system Brx

(r) = −F (x(r), (ii) setting x
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and (iii) computing Br+1 for the next iteration step.
We implement here the well known Broyden method, available in function broyden. The Broyden method

takes Br+1 to be the closest matrix to matrix Br which satisfies the secant condition.

def broyden(F,B0,X0,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

dX = solve(B0 ,-F(X0))

X1 = X0+dX

dF = F(X1)-F(X0)
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The initial matrix B0, passed as parameter B0 to broyden function, should approximate the Jacobian
matrix JF (x

(0)), in the worst case it can be the identity matrix. Theoretical analysis shows that instead
of naive implementation of the broyden method it is better to directly update the inverse of the Jacobian
matrix using the Sherman-Morrison formula. This variation is commonly known as good Broyden formula,
implemented in good broyden function.
def good_broyden(F,IB0 ,X0,k,tol):

err ,i = tol+1,0

while err >tol and i<k:

X1 = X0-IB0.dot(F(X0))

dX = X1-X0

dF = F(X1)-F(X0)

xIB0 = dX.T.dot(IB0)

tmp = (dX-IB0.dot(dF))/( xIB0.dot(dF))

IB0 = IB0+tmp.dot(xIB0)

err = norm(X1 -X0)

i += 1

X0 = X1

return X1

6 Variational Methods

Suppose we search an extreme of a twice continuously di↵erentiable function F : Rn ! R. The necessary
condition for a point x to achieve an extrema is that function’s gradient in x equals zero. If x is a stationary
point of a function, then a Hessian matrix of second order partial derivatives decides about the type and
existence of the extrema. Finding an extrema of a multivariate function F is executed by solving a nonlinear
system of equations. However, it goes in the opposite direction as well. As in previous section, let F describe
the system we try to solve. We construct a new function S(x) =

Pn
i=1 f

2
i (x) which achieves its global

minimum in exactly solutions of the system F .
Therefore almost any method suitable for searching the global minimum of a function of n variables can

be used for solving the nonlinear system of equations. These include general descent algorithms and methods
such as gradient, coordinate and conjugate descent.

7 Numerical Continuation

Numerical continuation is an approach of numerically approximating solutions of a system of parametrized
nonlinear equations. As it is often difficult to find a good initial approximation we can introduce an additional
parameter. The idea is to choose a simpler related problem, which we know how to solve, and then with
additional parameter continuously translate the simpler problem to the nonlinear system of equations. We
expect that by continuously changing the problem also the solutions will move continuously and so by tracing
well known solutions of the simpler problem we would come to desired solutions of the nonlinear system.

The numerical methods for solving ordinary di↵erential equations are used for tracing the solutions of the
simpler problem. Usually we use a combination of a predictor–corrector technique by first applying a method
for ordinary di↵erential equation with initial condition (e.g. the Euler method) and proceed by computing
the solution to the nonlinear system from the result of di↵erential equation with one of the methods discussed
earlier. Numerical continuation is detailed in [1].

8 Conclusion

Described techniques are part of a fundamental suite of useful algorithms widely applicable in numerical
modelling and often used as building blocks in many computer science and engineering approaches. Numerical
models can take many forms, including static and dynamic systems, di↵erential equations, statistical or game
theoretic models. It is common for di↵erent types of models to overlap and involve a variety of heterogeneous
structures. Although one may recognize studying numerical methods as tedious work, their wide applicability
and valuable insights on the modelled system always prevail.

4
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EvENTs

confeRences  

Educating for the Future We Want:  
A Green Southeast Asia
EDSA Shangri-La Hotel
Mandaluyong City, Philippines
December 11–13, 2012 
http://www.seameo-innotech.org/
ic2012/ic_info.html

International Conference on 
Connected Vehicles and Expo (ICCVE)
China National Convention Center 
Beijing, China
December 12–16, 2012 
http://www.iccve.org/

10th International Conference on 
Frontiers of Information Technology
Serena Hotel 
Islamabad, Pakistan
December 17–19, 2012 
http://www.fit.edu.pk/

2012 International Conference on 
Computerized Healthcare (ICCH 2012)
Hong Kong, China
December 17–18, 2012 
http://icch2012.comp.polyu.edu.hk

Third Kuwait Conference on e-Services 
and e-Systems 
Kuwait University 
Kuwait 
December 18–20, 2012 
http://www.kcess.org

2012 International Conference on 
Sociality and Humanities (ICOSH) 
Kuala Lumpur, Malaysia 
December 22–23, 2012 
http://www.icosh.org/index.htm

2012 International Conference on 
e-Education, Entertainment and 
e-Management (ICEEE)
Yogyakarta, Indonesia 
December 22–23, 2012 
http://www.iceee-conf.org

2013 International Conference 
on Information and Education 
Technology (ICIET)
Sheraton Hotel
Bruxelles, Belgium 
January 12–13, 2013  
http://www.iciet.org/index.htm

IEEE EMBS Special Topic Conference 
on Point-of-Care Healthcare 
Technologies (PoCHT)
Sheraton Hotel
Bangalore, India 
January 16–18, 2013  
http://pocht.embs.org/2013

Fourth International Conference 
on E-Education, E-Business, 
E-Management and E-Learning  
(IC4E 2013)
Dubai, UAE 
January 19-20, 2013  
http://www.ic4e.net

2013 International Conference on 
Scientific Research and Studies (ICSRS)
Dubai, UAE 
January 19–20, 2013
http://www.icsrs.org/index.htm

Second  International Conference on 
Government, Law and Culture (ICGLC)
Dubai, UAE 
January 19–20, 2013  
http://www.icglc.org/index.htm

2013 International Conference 
on Innovation and Information 
Management (ICIIM)
Singapore 
January 19–20, 2013  
http://www.iciim.org/index.htm

International Conference  
on Computing, Management & 
Telecommunications  
(COMMANTEL)
Rex Hotel
Ho Chi Minh City, Vietnam 
January 21–24, 2013  
http://commantel.net/2013 

ENTER 2013 e-Tourism Conference
Congress Innsbruck Convention Centre
Innsbruck, Austria 
January 22–25, 2013
http://www.enter-2013.org

15th International Conference  
on Computer & Information 
Technology (ICCIT) 
University of Chittagong
Chittagong, Bangladesh 
December 22–24, 2012 
http://iccit2012.org/index.
php/2012/2012 

International Conference  
on Technical and Executive  
Innovation in Computing  
and Communication (TEICC)
University of Chittagong
Bikaner, Rajasthan, India 
December 27–28, 2012 
http://www.teicc.in/index.html

Fourth International Conference 
on Intelligent Human Computer 
Interaction (IHCI) 
IIT Kharagpur
Kharagpur, India 
December 27–29, 2012
http://ihci2012.iitkgp.ac.in

Eigth SIMSR Global Marketing 
Conference on Marketing 
Metamorphosis
Somaiya Institute of Management 
Studies & Research
Mumbai, India 
January 4–5, 2013
http://simsr.somaiya.edu/simsr/sgmc/
index.html

International Congress  
on Social Sciences and Business
The Grand Hotel
Taipei, Taiwan
January 8–10, 2013 
http://www.icssb.org/Index.asp

Third Annual Symposium  
on Computing for Development  
(DEV 2013) 
Hotel Chancery Pavilion
Bangalore, India 
January 11–12, 2013 
http://dev2013.org/index.html

The 10th Annual IEEE Consumer 
Communications & Networking 
Conference (CCNC 2013)
Las Vegas, NV
January 11–14, 2013
http://www.ieee-ccnc.org

http://www.seameo-innotech.org
http://www.iccve.org/
http://www.fit.edu.pk/
http://icch2012.comp.polyu.edu.hk
http://www.kcess.org
http://www.icosh.org/index.htm
http://www.iceee-conf.org
http://iccit2012.org/index.php/2012/2012
http://www.teicc.in/index.html
http://ihci2012.iitkgp.ac.in
http://simsr.somaiya.edu/simsr/sgmc/index.html
http://simsr.somaiya.edu/simsr/sgmc/index.html
http://www.icssb.org/Index.asp
http://dev2013.org/index.html
http://www.ieee-ccnc.org
http://www.iciet.org/index.htm
http://pocht.embs.org/2013
http://www.ic4e.net
http://www.icsrs.org/index.htm
http://www.icglc.org/index.htm
http://www.iciim.org/index.htm
http://commantel.net/2013
http://www.enter-2013.org
http://www.seameo-innotech.org
http://iccit2012.org/index.php/2012/2012


X R D S  •  w i n t e r 2 0 1 2 •  V o l . 1 9 •  n o . 2 69

The 15th International Conference 
on Advanced Communications 
Technology (ICACT 2013)
Phoenix Park
Pyeongchang, Korea 
January 27–30, 2013  
http://www.icact.org/index.asp

International Conference on 
Computing, Networking & 
Communications (ICNC)
Hyatt Regency Mission Bay  
Spa & Marina
San Diego, CA 
January 28–31, 2013  
http://www.conf-icnc.org/2013

2013 2nd International Conference 
on Educational and Information 
Technology (ICEIT 2013)
Hong Kong 
February 2–3, 2012  
http://www.iceit.org/index.htm

Third International Conference on 
e-Learning and Distance Learning
Riyadh, Saudi Arabia 
February 4–7, 2013  
http://eli.elc.edu.sa/2013/en

Information Systems  
in Southeast-Asia (MCIS)
Le-Meridien Hotel
Kota Kinabalu, Sabah, Malaysia 
February 13–16, 2013  
http://wwwkal.ums.edu.my/mcis2013/
index.html

ICT for Sustainability
ETH, Zurich
Zurich, Switzerland 
February 14–16, 2013  
http://www.ict4s.org

2013 Fifth International Conference 
on Computer Research and 
Development (ICCRD)
Science and Engineering Institute
Ho Chi Minh City, Vietnam 
February 23–24, 2013  
http://www.iccrd.org/index.htm

2013 Second International Conference 
on Education and Management 
Innovation (ICEMI)
Science and Engineering Institute
Rome, Italy 
February 24–25, 2013  
http://www.icemi.org

2013 Fourth International  
Conference on Financial Theory  
and Engineering (ICFTE)
Rome, Italy 
February 24–25, 2013  
http://www.icfte.org/index.htm

The Second International Conference 
on e-Technologies and Networks for 
Development (ICeND 2013) 
Kuala Lumpur, Malaysia 
March 4–6, 2013  
http://sdiwc.net/conferences/2013/
Malaysia2

Human Factors in Computing (CHI) 
2013 
Paris, France 
April 27 – May 2, 2013
http://chi2013.acm.org 

ICTD2013 
Cape Town, South Africa 
December 7–10, 2013  
http://ictdconference.org

conTesTs & eVenTs

DCWEEK 2012
DCWEEK is a weeklong festival in the 
nation’s capital focused on bring-
ing together designer, developers, 
entrepreneurs, and social innovators 
of all kinds. It’s a series of hundreds 
of distributed events powered by the 
community and complemented by 
core conferences, parties, and proj-
ects created by the festival organiz-
ers iStrategyLabs and Tech Cocktail. 
DCWEEK 2011 included more than 
10,000 attendees from around the 
world. DCWEEK is an ample platform 
to meet new friends, clients, partners, 
investors and collaborators. This 
platform is all set to be a launch pad of 
some great projects, built upon some 
great ideas that may benefit the U.S, as 
well as the world. For further details 
visit http://digitalcapitalweek.org/

IGF 2012
The seventh meeting of the 
Internet Governance Forum (IGF) 
was held November 2012 in Baku, 
Azerbaijan. The proposed theme 
of the 2012 IGF annual meeting 
was “Internet Governance for 
Sustainable Human, Economic 

feATUReD eVenT

International Conference on 
Advances in ICT for Emerging 
Regions (ICTER)
Colombo, Sri Lanka
December 12–15, 2012

Millions of people in developing 
nations from Asia, Africa, and 
South America do not currently 
have access to basic civic 
amenities and basic healthcare 
facilities. For this reason, it’s high 
time the computing community 
started thinking about 
implementing proper information 
and communication technologies 
for the development of the poor,  
including better governmental 
and economic policies and 
better healthcare and business 
opportunities. 

Thus, it’s a perfect moment 
for all of us to show what we can 
do in order to help developing 
and emerging economies, and no 
other platform can be as good as 
ICTER 2012. The event, organized 
by IEEE, is being held in Colombo, 
Sri Lanka.  It will cover a broad 
range of fields from technology to 
social, ethical, and legal issues. 
Several keynote addresses by 
leading experts in the domain 
of IT will take place as well as a 
student symposium, which will be 
held on the 15th of December. 

For more information, log on to 
http://www.icter.org/conference/.

 —Arka Bhattacharya
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nVidia Graduate Fellowship Program
Website: http://www.nvidia.com/
content/research/graduate-fellowship-
program.html
Deadline: January 15, 2013
Eligibility: Ph.D. students who have 
completed their first year studies and 
are currently part of a research team 
in an area related to computer science 
and computer engineering.
Benefits: Vary by location
Explanation: This fellowship 
supports students who will advance 
the fields of graphics, digital media, 
and GPU computation.

Google Anita Borg  
Memorial Scholarship
Website: http://www.google.com/
anitaborg/
Deadline: February 2013
Eligibility: Female students  
enrolled in their senior year of 
undergraduate study or enrolled  
in a graduate program, studying 
computer science, computer 
engineering, or a related field.
Benefits: $5,000
Explanation: This scholarship is 
meant to support women in the 
computing field. There are separate 
scholarships for women studying 
in different countries around the 
world; the scholarships are open to 
students who are not citizens of the 
country in which they are studying. 
Past recipients have been invited to 
the Google Scholars’ Retreat.

poINTERs

icTD ResoURces

Theoretically based on the 
Schumpeterian notion of socio-
economic evolution, which consists 
of an incessant process of “creative 
destruction,” Information and 
Communication Technologies (ICT) 
for Development (ICT4D) broadly 
belongs to the school of thought 
that proposes to use technology 
for economic, social, cultural, and 
political development. Historically, 
ICT4D can be somewhat put into three 
phases: (i) mid-1950s – late-1990s, 
when computing technology was 

and Social Development.” Every 
day the Internet is penetrating 
our lives in more ways than one, 
bringing forth new ideas and 
making our lives easier. As the 
Internet helps promote various 
viewpoints to a global community, 
these new trends should be duly 
discussed and broadly agreed upon 
before changes are made that can 
significantly impact our future. 
IGF is the platform for discussing 
the global implications of ICT  
in the world and the trends  
of its future development.  
For further details please visit 
http://www.ig f2012.com/

gRAnTs, scHolARsHips & 
felloWsHips

Naval Research Enterprise  
Internship Program
Website: http://nreip.asee.org/
Deadline: January 7, 2013
Eligibility: U.S. citizens who  
have completed their first year of 
undergrad or are graduate students.
Benefits: $5,385–$10,750
Explanation: This is a research 
internship opportunity at one of 
the 21 U.S. Department of Navy 
research laboratories. Two hundred 
undergraduates and 75 graduates are 
offered a 10-week paid internship.

Department of Energy Computational 
Science Graduate Fellowship
Website: http://www.krellinst.org/csgf
Deadline: January 8, 2013
Eligibility: U.S. citizens and 
permanent residents planning 
study towards a Ph.D. at an 
accredited U.S. university, and have 
not yet started their second year of 
doctoral studies.
Benefits: $36,000 stipend, tuition, and 
fees for up to four years. An allowance 
for a computer workstation is added.
Explanation: The Computations 
Science Graduate Fellowship is 
meant to encourage interdisciplin-
ary work and collaboration in the 
field of computational science. The 
fellowship includes a practicum at a 
Department of Energy laboratory. A 
conference is held each summer for 
recipients.

aCRoNyms

gaId Global Alliance for ICT and 
Development: A Un organization that 
tries to act like a global forum for 
cross-sectorial policy dialogue on the 
international use of ICT4D.

hCI4d Human-Computer Interaction 
for Development: A branch of ICT4D, 
born with the objective to bridge the 
digital divide by using the techniques, 
approaches, and mind set of human-
computer interaction.

ICT4d, ICTd, ICT4dev Information 
and Communication Technologies for 
Development: The use of information 
and communication technologies in the 
fields of socioeconomics development, 
international development, and 
human rights. The theory behind this 
is that more and better information 
and communication furthers the 
development of society.

olpC one laptop per Children: A 
Delaware-based, non-profit organization 
created by faculty members from MIT 
Media lab. olPC’s aim is to design, 
manufacture, and provide each child 
in the world a low-cost, low-power, 
connected laptop, in order to give them 
access to knowledge and modern form 
of education.

spIdER Swedish Program for ICT in 
Developing Region: A resource center 
for ICT4D, established in 2004 and 
based at the Department of Computer 
and Systems Sciences at Stockholm 
University. Its mission is to support the 
innovative use of ICT4D and poverty 
reduction through various partnerships, 
by acting as a network organization 
that could serve as an ICT4D broker.

WsIs World Summit on the Information 
Society: Two major events for ICT4D, 
both organized by the International 
Telecommunications Union and 
sponsored by the United nations. Held 
in 2003 and 2005; one of the main goals 
of the summits was to bridge the so-
called global digital divide by spreading 
Internet access in the developing world.

http://www.igf2012.com/
http://nreip.asee.org/
http://www.krellinst.org/csgf
http://www.nvidia.com/content/research/graduate-fellowship-program.html
http://www.nvidia.com/content/research/graduate-fellowship-program.html
http://www.google.com/anitaborg/
http://www.nvidia.com/content/research/graduate-fellowship-program.html
http://www.google.com/anitaborg/
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mostly concentrated in large private 
sector and government organizations 
in developing nations; (ii) mid-1990s 
– late-2000s, when rapid expansion of 
Internet use in advanced economics 
brought about higher investments 
in ICT infrastructure in developing 
countries, e.g., in telecentres; and (iii) 
late-2000s onwards, the technology is 
being increasingly available over the 
mobile and ubiquitous devices.

While many developing 
economies have and are adopting 
ICT4D, there are also rising 
criticisms over several issues, such as 
CO2 emissions.

BooKs, JoURnAls,  
AnD mAgAZines 

ICT4D: Information and 
Communication Technology for 
Development (Cambridge Learning)
Tim Unwin, Cambridge  
University Press (2009)
Description (from Amazon):
ICT4D provides an authoritative 
account of the use of Information 
and Communication Technologies 
(ICTs) in contemporary 
development practice. It combines 
theory with practical guidance—
including both a conceptual 
framework for understanding 
the rapid development of ICT4D. 
Case studies provide detailed 
examples of issues and initiatives 
from a variety of countries 
and organisations. ICTs are 
becoming increasingly significant 
in improving the impacts of 
development practice. However, 
ICT4D projects in Africa, Asia and 
Latin America have not always been 
as effective as their proponents had 
hoped. This book explores both the 
successes and the challenges facing 
such initiatives, and provides clear 
recommendations for how they can 
be developed in more sustainable 
ways for the benefit of poor people 
and marginalized communities. 

ACM Interactions  
(“Under Development” column)
http://interactions.acm.org/

UsefUl WeBsiTes

Artificial Intelligence  
for Development (AI-D) 
http://ai-d.org/index.html

Governance and Social Development 
Resource Centre
http://www.gsdrc.org/

HCI4D SIG
http://www.sigchi.org/communities/hci4d

IDEO Human Centered Design Toolkit
http://www.ideo.com/work/human-
centered-design-toolkit/

International Development Research 
Center
http://www.idrc.ca/EN/Pages/default.aspx

ITU Telecommunication  
Development Sector
http://www.itu.int/ITU-D/

Learn ICT UK
http://www.learn-ict.org.uk/

M4D References on Mendeley
http://www.mendeley.com/
groups/817031/m4d-mobile-cellular-
phones-for-and-development/

UNDP Asia-Pacific Development 
Information Programme  
ICT4D Case Studies
http://www.apdip.net/resources/case

Electronic Journal of Information 
Systems in Developing Countries
http://www.ejisdc.org/ojs2/ 
index.php/ejisdc

Information Communication & 
International Development (ITID)
http://itidjournal.org/itid

Information Technology for 
Development
http://itd.ist.unomaha.edu/

World Development
http://www.sciencedirect.com/science/
journal/0305750X

icTD commUniTies 

HCI4D SIG
http://www.sigchi.org/communities/hci4d

HCI4D Mailing List
http://www.sigchi.org/communities/hci4d

Young Researchers  
in ICTD Mailing List
groups.google.com/group/yrictd

noTeWoRTHy Blogs

Afrigadget
http://www.afrigadget.com/

Ethan Zuckerman
http://ethanzuckerman.com/blog/

Jan Chipchase
http://www.janchipchase.com/

Jonathan Donner
http://jonathandonner.com/blog

Kentaro Toyama
http://ict4djester.org/blog/

MobileActive
http://mobileactive.org/blog

Putting People First
http://www.experientia.com/blog/
category/emerging-markets/

White African
http://whiteafrican.com/
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BEmusEmENT

Which number follows in the series 10, 9, 60, 90, 70, 66?  
find the solution at: http://xrds.acm.org/bemusement/2012.cfm

Source: The visibility Blog by Raul Cristian Aguirre; http://thevisibilityblog.com/2012/06/28/problem-solved/

Puzzle: Visibility
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Why Zip Codes 
have Connotations

suBmIT a puzzlE

Can you can do better? Bemusements would like your puzzles and mathematical games (but not Sudoku).  
Contact xrds@acm.org to submit yours!

http://xrds.acm.org/bemusement/2012.cfm
http://thevisibilityblog.com/2012/06/28/problem-solved/
mailto:xrds@acm.org
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