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Introduction

This book came into existence because of the intersection of personal pas-
sions and practical observations. The passions are both mine and those
of the people profiled in these chapters. The practical observations, made
over many years teaching both traditional and interdisciplinary computer
science courses, I take responsibility for.

Courses designated as “computers and society” courses have often
been designed for the freshman level or for a general audience. These
courses serve a purpose. However, by placing these courses at that level
and toward that broad of an audience, some people have questioned
whether or not societal topics constitute “real computer science.” After all,
if there is no “technical meat” to it, is it computer science? I don’t want to
get drawn into a definitional debate; many others are working on that one.
My point is this: The tendency in some camps to dismiss lower division
coursework in computers and society as “not real computer science” leads
to a self-reinforcing pattern whereby students and faculty alike give little
attention to a critical aspect of computer science education. Every pro-
fessional decision a computer scientist makes has a societal context and
societal influence; for ethical reasons if nothing else, this understanding
must be integrated into computer science education. Supporting evidence
is needed and supportive materials are needed. Therefore a book on com-
puting and society targeted at a higher level audience is needed—a book
with “technical meat” in it. A book that will hopefully convince the fence
sitters, that yes, computer and society material belongs in a computer sci-
ence curriculum and it should be taught by computing faculty.

From here forward I will use the word “computing” frequently. This
choice is intentional and strategic. I want to make it clear that I believe
the above argument applies not only to computer science, but information
systems, computer engineering, software engineering, and other flavors
of “computing” degree programs. In addition, I want to acknowledge that
outside the United States the term “computing” is often preferred over the
term “computer science.”

My primary goal in writing this book is to address two issues. First,
there is an increasing emphasis in computing curricular guidelines for

Xi



xii Introduction

inclusion of more “computers and society” material. Incorporation and
presentation of this material vary widely depending upon the institution
and program, but discussion is showing up more and more at confer-
ences such as SIGCSE (the primary computer science education confer-
ence) and its sister conferences around the globe. Accrediting agencies
such as ABET have paid increased attention to societal issues in recent
years. Departments are responding to industry calls for students with
well-rounded educations and an understanding of how their technical
decisions affect the world around them.

However, there has been a tendency for “computers and society”
coursework to be translated as meaning “ethics.” There is nothing wrong
with a study of ethical decision making in computing; in fact, ethical con-
siderations are important and appear throughout this book. But placing a
primary focus on ethics generally leads to discussions of how things go
wrong. We are not doing our students (or the general public) any favors by
sending the message that societal issues in computing are all about exam-
ples of the negative effects and damage caused by computer software and
systems. Formal exposure to societal issues in the curriculum should not
start with (and often end with) negative consequences and how they can
be avoided. We need to incorporate in our curricula a clear message that
computers and computing systems can be powerful engines for creating
social benefits.

Again unfortunately, there is a dearth of books that provide concrete
examples highlighting the positive work computing professionals are
doing in the world; people students can emulate, use as role models and
inspiration. This book provides case studies of real people, real organiza-
tions, computing professionals making a living pursuing dreams of mak-
ing the world a better place.

Each chapter is a profile of a group or organization doing something
computing centric that is clearly good for society or the environment. The
profiles include corporations, nonprofit organizations, and entrepreneurs.
The coverage of computing topics spans the curriculum, from social net-
working to high performance computing. The application domain areas
include cultural adaptation in a developing country, cutting edge medi-
cine and healthcare, educational innovation, endangered species work,
earth sciences, and voting. The diversity of people and activities presented
in these profiles will give students a broader vision of what they can do
with their computing degree.

The second goal of this book is to target upper division undergradu-
ate computing students. Typically, societal issues are dealt with in one of
two ways (if they are directly addressed at all) in the computing curricu-
lum: through a general education or first year course with little prerequi-
site technical knowledge, or as part of a final year capstone project. In the
first case, the course may be taught by faculty from another department,
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lacks technical “meat” and reinforces the message that societal issues in
computing are not a central part of “real computer science.” In the sec-
ond case, students may receive an in-depth client project experience but
do not learn about the breadth of opportunities available to them after
graduation. This book addresses these issues by providing both breadth
and depth of material, clearly placing it in the domain of the computing
curriculum. By providing examples of professional opportunities where
students can use their computing education to make the world a better
place, this book demonstrates that no matter what area of computing and
society interests them, there is a professional path for them.

Each chapter assumes technical knowledge in one or more areas of
computing. Depending upon the focus of a computing program and the
background of the students, some parts of the book may appear relatively
easy to grasp and other parts quite challenging. Reviewers of early ver-
sions of this manuscript confirmed this; their comments concerning the
level of difficulty and appropriate placement of a course using this mate-
rial directly reflected their own students and background. However, as
intended when [ set out to write this book, there was agreement that this
is nota book for students who lack a computing background. The material
in these profiles balances the expectation that students have had exposure
to concepts typically covered in the first few years of a computing cur-
riculum with the realization that programs vary, curricular requirements
vary, and therefore some technical explanations are needed.

For students with less technical preparation, sufficient information is
given such that the upper division student should be able to follow the
conversation well. For the student who has greater technical preparation
or who is interested in additional depth, sidebars are liberally spread
throughout each chapter. This pedagogical technique allows the student
who wants additional material to have it, and the student who does not
want or need that material to skip over it. Even if the reader decides to skip
every single sidebar the primary technical and societal objectives of each
chapter will still be met.

Layout of the book

Each chapter begins with a short introduction for the student. This intro-
duction provides an overview of the profile topic (technical and societal),
the main take home points, and the computing skills needed for a proj-
ect such as the one they are about to read about. Next, the introduction
provides a similar short discussion of the relevant non-technical skills
and interests students would bring to professional work in this area. The
intent of this introductory section is to orient the student by providing her
or him with a profile context and an answer to this question: “What can I
do with the information [ am about to read?”
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The end of each chapter has an exercises and activities section with
questions designed to encourage the student to engage actively and criti-
cally with the material in the chapter. None of the questions involve rote
memorization or regurgitation of material. They vary in difficulty, but share
a common approach of asking the students to stretch their thinking, apply
the material to themselves or their surroundings, and to think critically
about the material from the perspective of a future computing professional.
The exercises and activities section includes not only relatively straightfor-
ward questions, but a variety of projects suitable for students with greater
or lesser preparation. Pedagogical projects include individual projects, team
projects, short projects and projects that could easily become term projects.
The instructor has choices and can select the question(s) that fit best with
how they decide to integrate the chapter material into their courses. The
supplemental sidebars are likewise varied; some contain general interest
material, some are moderately technical, some are highly technical; a few
are tangential but thought provoking,.

Chapter 1 showcases a successful poverty alleviation project that took
place in the remote Peruvian Andes. In some ways this is a “classic” case
study, the type most people assume I am talking about when I tell them
I investigate socially beneficial uses of computing. For this reason I have
placed it first in the book. However, there is an important twist to this
story, which is the other reason I placed it first. To ensure a successful out-
come the computer scientists had to use highly unusual methods of soft-
ware engineering—unusual to them that is. The most critical factor in the
success of this project was not technical. Success relied on their adapting
to the culture and customs of the local population however alien this felt.

Chapter 2 is the first of two chapters about computing and health-
care. Many science-oriented students consider a career in medicine; this
appears particularly true for women and other underrepresented groups.
As luck would have it, the intersection of computing and medicine is an
exploding field with endless exciting professional opportunities for com-
puting students. This chapter delves into digital image management and
storage, and how a visionary hospital administrator partnered with a high
tech firm to overhaul a system that no longer served hospital needs. There
is cutting-edge material in this profile about data access in very large scale
complex system projects, and challenges in electronic standards develop-
ment. This project shows computing teamwork at its best, ensuring that
an internationally renowned hospital completed a year-long system over-
haul without compromising patient care.

Chapter 3 is by far the most controversial chapter. This came as a sur-
prise, but caused me to appreciate the project and the people who saw
it through even more. The topic is Internet voting. The technical issues
revolve around security of highly sensitive data (how people vote in an
election). It will become clear to the reader that difficult choices have to
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be made when designing network security projects. Philosophical differ-
ences drive the debate on Internet voting among computer scientists. This
project demonstrates that Internet voting can be implemented well and
enable American citizens to vote who previously had difficulty voting.
Computing students reading this chapter will be challenged to form their
own sound technical opinions about how and when to use the Internet for
routing highly sensitive data.

Chapter 4 tackles a so-called “soft topic”—the skillful use of social media
and social networking. In this profile we meet a nonprofit organization that
leverages social media to advance the cause of protecting endangered sea
turtles. This chapter demonstrates that it takes solid computing skills to use
the entire range of social media effectively, in areas such as user interface
design and creating data-driven descriptive models. One of the curricular
attractions to me about this profile is that it debunks any perception that
working as a user of social networking cannot be “real computer science.”

Chapter 5 is the second profile on computing and medicine. This proj-
ect is quite different from the profile about digital imaging. A team of
physicians works closely with a children’s healthcare company to develop
a database for collecting, tracking and analyzing data on rare medi-
cal conditions in newborns. Their mutual goal is to mine the aggregate
information for best practice recommendations. This chapter, more than
any other, discusses the daily challenges of running a highly complex
software project on a very tight deadline. The computer scientists on this
interdisciplinary team were willing to (in fact asked me specifically if they
could) share information about “lessons learned.” As an added bonus to
students interested in the medical field, this chapter highlights just how
embedded computing concepts and approaches are becoming in health-
care data modeling and standardization efforts.

Chapter 6 digs into the world of earthquake modeling and simulation.
High performance computers are critical to creating the detailed graphic rep-
resentations of data used to study earthquake behavior and to make the best
possible predictions about when and where earthquakes will occur. This is
the only chapter that profiles an organization where an advanced degree
(MS or PhD) is probably required to work in the field. Students consider-
ing post graduate studies will thus be given something new to think about.
Computing students who are interested in the earth sciences or another
natural science will learn about a way to pursue their interests. This profile
provides an exemplar of how a computing student can perform theoretical
and applied research in an interdisciplinary science for the benefit of society.

Chapter 7, the final chapter, addresses the question: What if I want
to strike out on my own? What if I have an idea for my own computing
business? How do I go about it? The profile in this chapter is of a computer
scientist who did just that. After a personal event changed her life, she
decided to create a software and services company to infuse educational
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software running on mobile devices into the school system. This profile
has a decidedly different flavor than the other chapters. It dives into the
business issues that must be addressed when creating a start-up company
Thus, this chapter speaks to several audiences. It speaks to students inter-
ested in educational software, mobile devices, and students with disabili-
ties. The chapter also speaks to students who have a strong interest in
business processes in technology companies. It speaks to students who
want to gain a sense of additional areas, such as technical marketing,
where they can apply their computing skills professionally.

How to use this book

In the summer of 2010, at the ITiCSE conference, a working group produced
an excellent report entitled: “Enhancing the Social Issues Components in
Our Computing Curriculum: Computing for the Social Good.” This report
(fully referenced at the end of this section) does a magnificent job of laying
out, in aggregate, common curricular approaches to infusing social issues
into the curriculum of computing programs. I owe a debt of thanks to the
work of this group in the section that follows and refer you to this docu-
ment as an excellent reference work.

There are five ACM computing curricula documents for undergradu-
ate level programs: computer science, information technology, informa-
tion systems, software engineering and computer engineering. Societal
topics are identified in each of these curricular guidelines as both core
and elective material. The curricular guidelines can be downloaded from
the ACM website (http://www.acm.org/education/curricula-recommen-
dations). As implied in the prior part of this introductory section, there
is no agreed upon approach to including societal material: where, how,
when, how much, etc. Each instructor must make his or her own decision,
taking into account the minimum factors:

Type of Program:
(CS, 1T, 1S, SE, CE)

Number of Weeks in Term:
(Le., approximately 8 vs. 16 weeks, or summer school ranging any-
where from 3-8 weeks.)

Distribution and Number of Courses on Computing and Society:
(One stand-alone course, one integrated subject matter course, a cap-
stone project course, several integrated subject matter courses, topic
modules plugged into a variety of courses, societal material fully
distributed and integrated across the curriculum.)
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Preparation of Students:
(This dimension is a composite of demographics, type of program
and requirements in that program and how the societal issues are
distributed through the curriculum.)

Class Size:
(Definitions of small, medium, and large are completely rela-
tive. However, if a large lecture hall with hundreds of students is
required, a very different pedagogical approach will be more effec-
tive rather than if a small room of under 20 students is used.)

Faculty Interested and Prepared to Teach Societal Material:
(Are you the only one? Are others interested in team teaching?
Alternating teaching the course or courses?)

Degree to which ACM or IEEE Guidelines are Followed and if ABET
Accreditation is a Consideration.

There are many ways to use this book. The suggestion is to analyze your
interests and constraints in each of the above categories. Then decide
whether a term project from one of the exercises and activities sections
is appropriate, a series of smaller projects from one or more chapters, or
a reliance on non-project pedagogical questions. The chapters work well
if read in order, as they have been arranged to create a progressive flow;
however, it is entirely possible to use the chapters in any order as there is
no direct dependence between any chapter and another.

A standard approach is to use this book as the primary text in a
stand-alone course in which the students analyze a chapter every week
or every other week, depending upon their level of preparation and tech-
nical sophistication. A term project that focuses on an expanded analy-
sis of one of the chapters, and is taken from the exercises and activities
section, could start early in the course and continue through the term as
other chapters are analyzed for common themes and aids to completing
the project.

For students with less technical background or interests, more weeks
can be spent on selected chapters. For example, Chapters 1,4, and 7 have the
lightest technical expectations. Chapters 5 and 6 have the most demanding
technical expectations and Chapters 2 and 3 are somewhere in the middle.

Another option for a stand-alone course using this book is to select
specific chapters with a common technical or non-technical theme (the
environment, healthcare, security, high performance computing) and use
the profiles to closely examine that aspect of computing.

This book can be used as a supplemental text using a similar approach
to selecting how many chapters to use, which ones to use and what assign-
ments to use. The primary difference in this scenario is that the choice
of profiles would either complement or contrast with the other materi-
als used in the course. The selected profiles could cover topics (emerging
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trends in data standardization in healthcare) not covered elsewhere or
could add depth to a topic lightly covered elsewhere (scientific modeling
of natural phenomena without a good example).

Finally, I have created a website to go along with this book. The web-
site contains a variety of materials and resources for instructors and stu-
dents. You can access the website at: www.computers-and-society.com.

MATLAB® is a registered trademark of The MathWorks, Inc. For prod-
uct information, please contact:

The MathWorks, Inc.

3 Apple Hill Drive

Natick, MA 01760-2098 USA
Tel: 508-647-7000

Fax: 508-647-7001

E-mail: info@mathworks.com
Web: www.mathworks.com
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chapter one

Poverty alleviation in the
remote Peruvian Andes

1.0  Introduction

For hundreds of years farmers, ranchers and others living in a very remote
part of the Peruvian Andes had maintained a balance with nature, exist-
ing in a very harsh environment. They had evolved a culture and ideology
adapted to ensure their survival. When the industrialized world intruded
upon their lives, the balance was disrupted and they fell into deep pov-
erty. An international collaboration of governmental organizations, pri-
vate companies and computer scientists initiated a project to alleviate
their poverty yet permit them to retain their core values.

The people living in the villages that agreed to take part in this
unusual project held a leadership role. The project was successful primar-
ily because the outside team respected the villagers’ non-western lifestyle
and culture. The computer scientists, though well versed in traditional
software engineering practices, recognized the need to employ non-tradi-
tional methods at every stage of the project. They succeeded in applying
the most important tenets of software engineering by adapting them to
the culture of the people in the villages. In the end, the computer scientists
believe they learned as much as the Andean villagers. Lives were perma-
nently changed for everyone involved in this project.

Technically, this chapter has a strong focus on the front end of soft-
ware engineering, that is, requirements gathering and specification devel-
opment, and on methods of installing a computing system that would live
beyond the presence of the visiting computer scientists. The chapter fol-
lows the lead of the people interviewed who continually focused on how
software engineers must be willing to adapt to local custom even when
it means abandoning methods accepted in the developed world. This is a
profile with adventure and surprises.

Computer scientists and villagers alike agree there is far more to pre-
paring for a culturally sensitive computing project than acquiring techni-
cal skills. Language skills are helpful but not required. What is required:
Cultural sensitivity, keeping an open mind, being willing at times to go to
extraordinary lengths to think creatively, to cheerfully change direction
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when things don’t go as planned, and be willing to listen without a per-
sonal agenda.

If you are interested in other cultures, if you want to travel as part
of your work and immerse yourself in other people’s lives, if you con-
sider physical and emotional challenges as learning experiences, then
working on what are commonly called “development projects” may be
the path for you as a computer scientist. There are endless opportuni-
ties to work with different cultures, both within your own country and
outside it, using computer science to help people improve their own
lives.

Vignette

At 12,000 feet (3,660 meters) in elevation, and miles
by foot or alpaca from the nearest “tourist destina-
tion,” the town of Daniel Hernandez barely exists
to the outside world. Offering no trendy upscale
hotels, eco-resorts, or a youth hostel, the isolated
villagers are primarily farmers—very poor farmers.
Small children typically walk 30 minutes or more
each way to and from grammar school and home-
work is done after chores; assuming there is elec-
tricity to see by.

Nonetheless, for several hundred years, until
the middle of the twentieth century, the farmers
and their families co-existed in delicate balance
with a fragile ecosystem and a hostile climate.
The Andeans evolved a sustainable co-existence
with their environment whether they lived in the
small towns or in isolated ranches on the sides of
the mountains. The native language is Quechua
(pronounced Ketch’ Wa), spoken by 85% of the pop-
ulation; 15% also speak Spanish. Most of the popu-
lation is illiterate but until recently there has been
no need to read and write; traditions are strong, and
orally transmitted. People depend heavily upon one
another in this harsh landscape and walk hours
from town to town when needed, forming tight
knit, interdependent communities. For most peo-
ple, travel down the mountains is still an uncom-
mon event. Unfortunately, in the last decades of
the twentieth century, with the arrival of multina-
tional corporations and unscrupulous traders, the
isolated towns and farmers were confronted with
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challenges to their culture and their ability to sur-
vive. They were thrown into a downward spiral of
increasing poverty. These problems arose primarily
because the villagers lacked the knowledge of the
outside world with which to protect themselves
from economic and environmental exploitation.

1.1 Systemic poverty and health
problems in the villages

Peru ranges from sea level to over 15,000 feet (4,572 meters) high in
the Andes. Many people live high in the mountains, far apart from
one another, little known to the outside world. One of the 24 Peruvian
regions is called Huancavelica, and is located in the central southern
region of the Andes. Here you will find the town of Daniel Hernandez.
One hundred and eleven farming communities, with an approximate
population of 108,000 people, are spread thinly across almost impass-
able peaks, valleys, breath taking cliff drop-offs, and steep slopes.
Impassable, that is, to modern western society. Roads? Sometimes.
Pavement? Never. Ruts and bumps big enough to knock out every ball
joint and loose screw—and guaranteed to slam your head into the roof
if you aren’t both secured to the seat and short of stature. Little grows
or lives here; the primary crops are potato, maize and barley, depend-
ing upon the altitude. Alpaca are the only farm animal that can live at
these altitudes and therefore are the primary source of many products,
from food, to clothing, to transport, and material for sale in the cities
far below (Figure 1.1).

Globalization has brought serious problems to the people of the
Andes. For example, there are rich minerals, including gold, in the moun-
tains. The byproducts of corporate gold mining include toxic chemicals
that end up in the streams and air pollution from large smokestacks.
Drinking water can become polluted without the villagers” knowledge.
Soft drink companies place billboard advertisements for soda and snack
food along well traveled routes and in the small towns. Soft drinks are
not only expensive for a people that live primarily on a barter economy,
but contribute to malnutrition and other health problems, including
previously non-existent dental problems. Finally, unscrupulous traders,
who appear unannounced, have taken advantage of the people’s lack
of knowledge of ever changing market demand, and often have paid
minimally for products they then re-sell for much higher prices in the
city. These developments have disrupted the delicate balance of life for
the Andean dwellers.
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Figure 1.1 Road through the Andes to the villages. (Copyright, 1st July, 2011,
Alison Clear and Logan Muller.)

Severe poverty is the overarching result; their remote location
makes it very difficult for traditional government agencies to help them
(Figure 1.2). The townspeople want to maintain their lifestyle and cultural
heritage, but they also want to obtain the knowledge to effectively co-exist
in their twenty-first century reality. How can this be accomplished?

1.2 A software engineering project
as a response to poverty

For the budding computer scientist, this dilemma has all the hallmarks of
a software engineering project just waiting to happen. What can comput-
ers and computing professionals uniquely accomplish in this situation?
They can provide communication to the outside world and the knowledge
available there through using the Internet. Beyond that general overarch-
ing goal, it was not initially clear to a range of interested government and
nonprofit organizations what mix of hardware and software would prove
most effective nor how the computing systems would be set up and main-
tained. Established principles of software engineering would have to be
adapted to the local environment and culture. Eleven towns became part
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Figure 1.2 A mother and three of her children pose outside their dwelling.
(Copyright, 1st July, 2011, Alison Clear and Logan Muller.)

of a pilot project developed through the cooperation of two countries and
dozens of passionate, dedicated people.

Software engineering guidelines, whether industrial or contained in
a textbook, always agree on one fundamental point: long before you touch
the keyboard or begin to layout a technical design, you must truly under-
stand your users’ requirements. Otherwise, your project is bound to fail.
Thus, the all-important task of Requirements Gathering and Specification
Development is needed. What some textbooks do not tell you is there are
many places in the world where the North American-based model of for-
mal written contracts, lawyers, and other official documents don't apply.
However, the basic principles of gathering accurate requirements to use in
developing functional technical solutions do apply, and the first challenge
becomes how to accomplish the data gathering.

1.3 The many challenges of requirements
Qathering in the Andes

A representative of the Peruvian Government who had contacts with
computer scientist Logan Muller from Unitec Institute of Technology in
Auckland, New Zealand, and who knew about Logan’s prior experience
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with socially beneficial computing projects, approached the New Zealand
Agency for International Development (NZAID) and asked if the two
governments could collaborate on a poverty reduction project in the
Andes villages we have been discussing. The organizations reached a
basic agreement to collaborate. The Peruvian government’s Ministry of
External Relations chose the 11 most poor and remote towns for partici-
pation in the project. A truly creative approach was needed to help this
extremely remote segment of the population. Logan Muller and Alison
Young, another computer scientist from Unitec, wrote a formal proposal
for funding from NZAID; the funding was awarded in the spring of 2003.

A fundamental requirement for accurate Requirements Gathering
under any conditions is that all parties trust one another and commu-
nicate openly. In this case, although the Peruvian villagers were willing
to work very hard to improve their situation, they had many reasons to
distrust anyone from outside their region.

Number 1 Problem to Overcome: MISTRUST.

Over the past several decades, the villagers had to deal repeatedly with
corrupt government officials and terrorist groups that decimated villages,
drove off populations, and murdered people for seemingly meaningless
reasons. Multi-national mining and manufacturing corporations moved
in to access the area’s natural resources. As environmental degradation
began and public health was clearly compromised promises of help from
the corporations were not honored. Local government representatives
were either powerless to intervene, or at times were corrupt and colluded
with more powerful interest groups at the expense of the local popula-
tion. The villagers were well aware they were being taken advantage of
economically but had no resources to take meaningful action (Figure 1.3).
They needed the ability to communicate with the outside world in order
to obtain knowledge they could use for their future survival.

Cultural issues that had contributed to community survival for hun-
dreds of years also made them vulnerable to exploitation. The villagers
have a saying: “Un Solo Pensamiento, Una Sola Fuerza, y Un Solo Sentimiento”
which loosely translates to: “One Thought, One Power, One Feeling.” They
also have clearly stated ethics: “Ama sua (do not rob),” “Ama gquella (do not
be lazy),” "Ama llulla (do not lie).” These simple words formally acknowl-
edge the interdependence that had ensured their survival for centuries in
a hostile climate. Unfortunately, these beliefs also left the villagers open
to exploitation by people who did not follow the same professional or per-
sonal ethics. For example, when meeting strangers the villagers would
assume positive intentions and a desire for open collaborative commu-
nication; they would not expect to be taken advantage of. People from
outside the village might call them “naive”; however that word implies
one culture is more advanced or “better” than another—something the
Andean villagers would strongly disagree with.
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Figure 1.3 Payments to Antabamba villagers relative to world demand, 1995 to
2003. (Copyright, 1st July, 2011, Alison Clear and Logan Muller.)

1.4 How was trust established and
the requirements gathered?

The Peruvian telecommunications corporation OSIPTEL wanted to extend
the reach of broadband Internet into the rural communities, especially as
telephone service was virtually nonexistent and impossible to install. An
international agricultural aid organization called CGIAR wanted to help
find a way to improve the output of the mountain potato farmers, so the
potatoes would produce more vitamins. The group Organization Centro
International de la Papa (The International Center for the Potato based in
Lima, Peru) also wanted to improve the vitamin output of potatoes and to
assist the villagers in learning where to sell their product. Between them,
these organizations identified a few people to act as liaisons and project
managers: Ruben Bustamante, a Peruvian with both college level techni-
cal training in computer network setup and maintenance and extensive
experience in poverty alleviation projects, and Roberto Vargas (a pseud-
onym) a man well known to many of the project communities, with a
strong reputation for fairness and sensitivity to racial and gender issues
and reputable cultural values.

Beginning in April 2004 these Peruvian project managers and Logan
Muller made several initial visits to talk with villagers about the potential
project, to answer questions, address concerns, and most importantly: to
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find out what the people in each of the towns felt they needed. As part
of this process, they located and recruited resident liaisons (locals) with a
technical aptitude and an interest in taking part in the project. Logan rap-
idly developed a deep personal passion to apply his computing skills in
helping the Andean population (Figure 14). Together, Logan and Ruben
performed a town by town situational analysis, with Logan gradually
becoming trusted as well. Logan spoke Spanish, which was very helpful;
Ruben spoke the dominant native language Quechua, and thus acted as
primary guide, driver, and translator in addition to his formal technical
role. Their primary tactic, which could be taken almost verbatim from any
good software engineering textbook, was to listen, listen, listen (Figure 1.5).

Each town had somewhat different issues to address, and a some-
what different demographic population. For example, some towns had
large populations of single women who had escaped from terrorist
attacks; other areas, at the highest elevations, were extremely spread
apart and consisted mostly of potato growers, while yet other towns
were populated primarily by alpaca ranchers. Each community would
need a customized strategy for the makeup of the population, existing
sub-groups, and the local social and political networks. Thus, the project
managers and their local team spent days and weeks searching out local
groups within each community to gather all their perspectives. Common

Figure 1.4 Logan’s outdoor meeting with a group of Andean men. (Copyright, 1st
July, 2011, Alison Clear and Logan Muller.)
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Figure 1.5 Outdoor meeting against stunning backdrop. (Copyright, 1st July,
2011, Alison Clear and Logan Muller.)

among all the towns was the existence of a democratically elected mayor
and a council. These officials were highly respected and made many
decisions, although always in an open consultative way with input from
the rest of the population. Overall, close to two years were spent talking
to the villagers, asking clarification questions, taking notes, and recruit-
ing local personnel. Alison Young, back in New Zealand, collaborated
remotely via e-mail and Skype, providing technical advice and an exter-
nal perspective.

What were the requirements of the villagers? As is often the case, the
“client requirements” did not come in the form of technical information.
It was up to the computer scientists to translate the villagers’ needs into
a workable proposal for a computing system, while checking each step of
the way that their technical ideas were feasible in the harsh environment
where they had to be implemented.

Summed up and paraphrased from their own words, the villagers
asked to be provided the resources to:

1. Learn for themselves how to grow more nutritious potatoes.
2. Learn for themselves what was and wasn't a fair market price at any
given time for their products when a buyer arrived.
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3. Discover why their water was unhealthy and what actions they
could take to address it.
4. Improve educational opportunities for their children.

The task of the project leaders was to take this information and turn it
into a concrete set of requirements from which to develop technical
specifications.

1.5 Organizing and itemizing final requirements

Most requirements revolved around designing a system that would
create a communication network to address the human needs listed
above. In addition, the system had to integrate into the existing com-
munities rather than disrupt them. The unifying theme across all towns
was a need to communicate with the outside world in order to obtain
information.

Fortunately, the external stakeholders were fully committed to sup-
porting some form of connection to the Internet in order to accomplish
this goal. Keeping all this in mind, Ruben, Logan, and Alison (now in
Peru), with input from their locally recruited volunteers (Figure 1.6), came
up with the following list of requirements:

Figure 1.6 Alison and Logan hold a lunch meeting. (Copyright, 1st July, 2011,
Alison Clear and Logan Muller.)
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* A common high level framework must serve all the towns, for prac-
tical reasons of setup, training, and maintenance.

¢ Within the common framework, each town will need customization.
Each town has different needs and cultural variations.

e All of the stakeholders within each town and nearby region must
be accounted for. These stakeholders include: farmers, ranchers,
displaced women, women and men in established traditional roles,
teachers, and schoolchildren.

® The system needs to be developed in such a way that it will be essen-
tially self-sustaining once it is installed, functional, and in use.

e Caremust be taken to maintain and increase trust among all the stake-
holders once equipment begins arriving and is installed, as there is
the all too human inclination to provide preference to one group over
another. Adhering to this requirement is particularly acute due to the
prior exploitation experienced by the villagers from outside entities.

* Devise a way to address language and literacy barriers.

¢ Self-esteem issues are a big problem for women. How can the system
especially support them?

e [t is critical to design a system without losing sight of the strong
sense of community coherence and reliance on one another—their
central ethics and sense about how to survive.

¢ Installation and use of the computing system needs to not disrupt
existing social systems and cultural values. It must support rather
than change or undermine traditional culture.

Logistical requirements included:

e The remote location of the towns must be considered before decid-
ing what equipment to purchase and how to transport it. The towns
range from elevations of 10,000-15,000 feet (3,048—4,572 meters) and
are miles apart from each other along dirt, boulder filled roads.
Flight is impossible due to the terrain and expense. Ground vehicles
must be used. However, having the equipment arrive in shattered
bits and pieces must be avoided.

* Since most town councils are popularly elected by consensus, and
along with the Mayors are highly respected, it is critical to obtain
their full cooperation; they will oversee the centers where the com-
puters will be set up and administered.

Technical requirements for an Internet-connected system included:
® Obtain a reliable satellite signal.

e Construct a network with sometimes inadequate supplies and
equipment.
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¢ Find and train additional local people to perform ongoing mainte-
nance and to lead the educational efforts in each town.

* Recognize and compensate for the fact that in many areas it rains
nine months of the year, which means there is extensive cloud cover
and danger of equipment failure due to moisture.

® Be prepared to always think on your feet and improvise at a
moment’s notice. System reliability is critical and spare parts can
take weeks to obtain.

As you can see, the technical challenges of designing and building the
networks were created by the challenges of culture and geography. A sys-
tem that would be simple in an urban location, or even a rural location
closer to sea level, became a highly complex task when all contextual fac-
tors were taken into consideration.

1.6 Confirming the accuracy of the
requirements with all stakeholders

A traditional western approach would be to draw up an itemization of
the requirements just listed, and show it to all stakeholders for initial ver-
bal approval. Then formal paperwork would be generated, and signed by
selected representatives of the major stakeholders. Clearly, that approach
would not work for this project. Even if most of the villagers could read
and write, such an approach would fly in the face of culturally established
methods of consensus based decision making.

Thus, Ruben, Logan, and their task force of local recruits spent many
days revisiting the social groups that were discovered earlier in each com-
munity, repeating what they believed they had heard and having it either
confirmed or changed (Figure 1.7). Many more very long and involved
meetings took place so that everyone could have their say and reach
agreement. Another benefit of this inventory of social groups was that the
visits represented additional ways to get the word out about the oppor-
tunities of the project as it progressed. The villagers also took action,
meeting among themselves in town meetings and council gatherings to
further discuss their needs and seek consensus in between visits by the
project leaders.

No formal written requirements documents were created, signed,
or archived. This was absolutely necessary in order to function within
the villages” cultural system. The project managers took virtually no
notes during meetings. In private, they wrote meticulous notes about
what they learned, and compared experiences among themselves as
they visited with different groups. Primarily however, the project man-
agers learned to work in an oral tradition. Agreements and changes
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Figure 1.7 Alison and Logan listen to villagers discuss the project. (Copyright, 1st
July, 2011, Alison Clear and Logan Muller.)

came about through dynamic conversations based upon mutual
trust. Eventually, each community reached consensus about their
requirements and the project managers moved on to developing the
specifications.

1.7 Non-traditional specification
development in the Andes

As with the requirements gathering, this stage of the project did not fol-
low a traditional document and contract driven model. Nonetheless, it too
followed the basic principles behind good specifications development, i.e.,
that the specification must describe “what” the system must do, based
upon the requirements; the “what” then will lead to the “how.”

In this case, the “what” had pretty much already risen to the surface
based upon the carefully explored needs of all stakeholders. However,
although the initial impetus for the project was to assist the potato farmers
and alpaca owners, in reviewing the requirements, it had become crystal
clear the “what” included educational, health, and psychological needs—
that is if all users of the system (townspeople) were to be served and the
population was to be helped to systemically reduce their poverty levels.

The outside stakeholders, New Zealand AID, OSIPTEL and the CIP
were satisfied as long as visible progress was being made. They all rec-
ognized the process would need to be a slow one if it were to succeed for
the long term.
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ACRONYMS OF THE MAJOR
EXTERNAL STAKEHOLDERS

OSIPTEL—Peruvian Telecommunications Corporation

CGIR—An International AID Organization

CIP—The International Center for the Potato

NZAID—New  Zealand Agency for International
Development

GILAT—Internet Service Provider for the Andean villages

Unitec—the Institute in Auckland, New Zealand where
Logan and Alison worked

CIC—Centers for Information and Empowerment. The
physical locations where computers were set up in each
village.

Note: Links to organizations are in the Appendix

1.8  Specifications: Social, cultural, technical
implementation intertwined

The project took place in two regions: Huancavelica and Apurimac.
Recall there were 11 towns involved in the project. Two towns were in
Huancavalica (Daniel Hernandez and Colcabamba) and nine towns
were in Apurimac including: Antabamba, Totora, El Oro, Pachagonas,
Huarquirca, Sabarino.

A common fundamental technical requirement for all 11 towns was
obtaining a reliable satellite signal for establishing Internet connections.
Without a reliable signal Internet access would be unpredictable and the
system unusable for the very busy villagers. Each user was going to take
time out of their already full day to walk to the computers and use them.
Thus the proper angle of each town’s satellite dish was critical. Eutelsat (a
satellite system over Europe that covers Latin America) was the cheapest
alternative, but the placement of the satellite relative to the location of the
towns and their satellite dishes would create unreliable connections. The
angle of attack for Eutelsat was a very low 17 degrees, which was even
more problematic given the weather conditions of frequent rain, snow,
and electrical storms (Figure 1.8). Conversely, SatMex5 (a satellite system
over Mexico) cost more but had better placement for the Andean mountain
locations. SatMex5 was selected. The current state of the art low frequency
broadband wireless used in cities (Wimax at 800 MGhz), was either not
available or affordable in the Andean towns. Therefore, the older but well
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Figure 1.8 Satellite dishes were installed at the best angles. (Copyright, 1st July,
2011, Alison Clear and Logan Muller.)

established 2.4 Ghz wireless was used, thereby guaranteeing easier access
to good service and reliable information. The Internet Service Provider
was GILAT Network Systems.

As predicted in the requirements list, the computer scientists and
their team had to think creatively to make many technical things work.
For example, in Daniel Hernandez, there was initially a problem trying
to find the correct focal point for aligning a satellite dish. No satellite dish
was yet available, but the information was needed as part of the decision
about which satellite system to use. Improvising, they built a home-made
dish to link two offices together. They started with an antenna they could
obtain fairly cheaply. Then they lined a Chinese wok with aluminum foil
and used its reflectivity to locate the focal point using the sun (Figure 1.9).
They next placed a USB wifi receiver on the end of a piece of rubber hose
right at the focal point and used this to transmit the wireless back and
forth across the town, to a distance of 1.24 miles (2 kilometers).

There was another common requirement: the fairly homogenous set
of activity needs centered on communication and education. Therefore,
virtually the same equipment was selected and installed in each town.
Each machine was a Pentium 4 with 512 Mg RAM and, on average, a 40G
hard drive. Each user machine ran Windows XP. These machines were
easy to obtain in Lima, and in case of disaster (such as losing some parts
over the side of a ravine as they bounced up the narrow mountain roads),
replacement parts could be obtained down the mountain. Fortunately,
due to very careful packing and good luck, this problem did not arise and
all the machines arrived intact.
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Figure 1.9 The famous wok satellite dish. (Copyright, 1st July, 2011, Alison Clear
and Logan Muller.)

The software installed on the machines was Microsoft Office (in
Spanish), the Internet Explorer browser (in Spanish), and e-mail. These soft-
ware packages were chosen because they were easy to obtain and provided
a well known standard platform. The first three applications would enable
all users to perform searches and make inquiries about what they needed
to know. In addition, an educational set of software, including children’s
programs and adult Spanish lessons, was donated by a company called
SkillSoft. The educational software had previously been used by Unitec in
New Zealand for five years as part of community outreach efforts. Those
efforts had targeted large, non-traditional groups of users, and thus the
project leaders felt confident this particular product had been sufficiently
“road tested.” Language software would address the literacy problem: more
villagers needed to learn to read and write Spanish in order to understand
and communicate with the cities and towns down the mountains.

Centers were set up in each participating town, with three main cen-
ters in Daniel Hernandez, Colcabamba, and Antabamba. The remaining
eight towns served initially as annex centers. The eleven centers were
called “Centros de Information y Capacitacion” (CIC for short) or in English,
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Figure 1.10 One of the CICs. (Copyright, 1st July, 2011, Alison Clear and Logan
Muller.)

“Centers for Information and Empowerment” (Figure 1.10). The name was
chosen deliberately, as one part of an overall plan to send the message that
these computing centers were there to help the people help themselves.
As part of this same plan, and to continue addressing issues of trust and
communication identified in the requirements, each town trained its own
educator-trainers, who themselves had been initially trained by project
managers Ruben, Logan, and Alison.

Training local personnel in the software applications, the operat-
ing system, hardware and networking was an important component for
ensuring not only acceptance of the project, but for ensuring the require-
ment for long term sustainability of the systems. For the most part, the
initial educator-trainers were the same people who had been recruited
early on by the project managers to act as liaisons to their towns. People
were chosen to be onsite maintenance personnel and/or trainers based
upon their prior experience in some technical area, or if they showed an
aptitude or even just the desire to learn the details of their town’s new
system. The “job description” was fairly simple, relying mostly upon a
demonstrated interest and dedication to the project, rather than unreal-
istic prior education. Training was not a one-time activity, but an ongo-
ing event, as new people brought in other people and helped them learn.
Thus, knowledge and use of the system spread outward in an ever wid-
ening circle through the community, enabling more and more people
(farmers, women, teachers etc.) to become independent users. This too,
was part of the plan to fulfill the requirement to support and align with
historic community values of interdependence and sharing.
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1.9 Requirements that led to customization

Not all of the towns were initially connected to the Internet. In the
Huancavelica region, the central CICs at Daniel Hernandez and
Colcabamba were the first to be connected to the Internet, using an ADSL
connection as follows:

ADSL copper link — a Linux server — 20 machines (Colcabamba)

In the Apurimac region, the central CIC at Antabamba was connected in
similar fashion and a local wireless LAN was set up to connect the library
and medical center to one another and the CIC.

The eight annex centers were not initially connected to the Internet,
but provided with six to ten computers, Microsoft Office, and educational
software. This setup was used to train people on individual computer
use and maintenance, word processing, and spreadsheets, and for edu-
cational activities in between people’s opportunities to visit the primary
CIC in Antabamba. Later on, two of the annex centers were connected to
the Internet by OSIPTEL. VOIP was then used to communicate between
Antabamba and Huaquirca, enabling the villagers to work around the
non-existent or unaffordable telephone service.

1.10  Rapid results and concrete outcomes

The initial target audience, the potato farmers, immediately began using
the computers at night to research how to grow potatoes with higher vita-
min yield, and thus help address the serious malnutrition problem. In addi-
tion, these farmers were able to look online daily to see what the current
market prices for potatoes was in the city, so that when buyers unexpect-
edly appeared on the mountain they were prepared to bargain effectively
(Figure 1.11). Finally, the farmers communicated with CIP (The Center for the
Potato), receiving advice from their specialists and participating remotely in
CIP sub-initiatives. The success of the potato farmers” activities was crucial
because this part of the project was what started the entire poverty allevia-
tion effort by the Peruvian Ministry of External Relations and NZAID.
Ranchers, who were sometimes also potato farmers, went online and
learned about market prices for other goods they had available such as
alpaca wool, and which were in demand in the city. In addition, they
learned online about new ways to perform various tasks, such as more
efficient ways to shear the alpaca wool using scissors instead of knives.
Many ranchers lived far from the town and through participating in the
CIC project they came to feel more connected to their community.
Teachers utilized the computers by bringing their students to use
them when other people were not using them. Besides using the Skillsoft
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Figure 1.11 Two users show their opinions of the system. (Copyright, 1st July,
2011, Alison Clear and Logan Muller.)

educational software for traditional educational activities, both the teach-
ers and the children were able to learn skills that would help them suc-
ceed better in the twenty-first century, whether they intended to stay in
the towns or move to a city. These software programs were so popular
that students in remote towns without teachers or schools sometimes
walked several hours in order to get to a CIC center to study (Figure 1.12).
The teachers were one of the most vocal groups frequently asking if more
computers could be obtained and dedicated to the schools, or if they could
have more time on the computers in the centers.

Self-esteem issues that existed for many women, especially those
who had been displaced in the past by terrorism were addressed as well.
Traditionally, women stayed at home, and they had told the project man-
agers early on they wanted to contribute more to their community. Once
the CICs were set up, many women went online during the day while
their children were either at school or under a friend or family member’s
care. They learned many basic skills, such as how to read and write in
Spanish, and how to use basic Internet functions such as a browser. From
there, they were able to begin their own research into issues their com-
munity needed (Figure 1.13).

Women's groups had some particularly impressive successes as a
result of using the CICs. For example, one group of women located a
promising grant opportunity; they applied for it and were awarded
funding. These funds and the information resources that came with



