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What Decision Factors Will Affect Design For Base ©The Pyramid
(DfBoP)?
--- An Experience Research Based On Case Study From IDE/TU
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Abstract— Base of the Pyramid (BoP) is a 4 billion design
target group, which is composed of people living oan income
less than US$3 per day. Design for BoP is a new easch topic
and design practice started from 2003 in the facujtof Industrial
Design Engineering, Delft University of Technology(IDE/TU).
To explore some unknown research questions about, ita
research project on “Product design for BoP” had ben set up.
This paper is an analysis research based on 24 catadies from
IDE/TU, and the aim is to conclude design decisiofactors for
BoP.

Key words— Design for Base of the Pyramid (DfBoP), design
feature, design factor, design model, the facultyfdndustrial
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. INTRODUCTION

A. Base of the Pyramid (BoP) and Design for Base of the
Pyramid (DfBoP)

According to the World Bank (2005), there are 4idnill
people living on an income less than US$3 per dalyla
billion living less than even US$1 per day. Thistpz
the population is often called “Base-of-the-PyrahiifloP),
referred by Prahalad and Hart [1]. Most of BoPivgg in
developing countries including Africa, India, Chirend
Brazil, and so on.
Currently, most of the entrepreneurs, profesdidesigners
and design institutes are targeting the end-useaslvanced

markets as this group has a higher purchasing paier

average more than US$10,000 per year. C.K Pralaidd
Stuart Hart's work[1,2] in this area suggests tthatre is a
fortune to be made for entrepreneurs in BoP imnitat while
at the same time great opportunities for the werfabor to
escape from poverty. Prahalad’s book ‘The Fortunéha
Bottom of the Pyramid’ [2] proposes a framework fthe
active engagement of the private sector and suggekasis
for a profitable win-win engagement. He argues #tlahat is
stopping business from designing products and cesvio
meet the needs of the world’s poor, and then effidy
manufacturing and distributing them is human inggnu

innovation. The topic has unleashed an extensivéd a

generally enthusiastic response from academicsndnses,
NGOs and governments.
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Recently, some Multi National Companies (MNC}lsas
HP, Intel, Philips and Microsoft have been awafethe
design opportunities of this market, as well as eatasign
institutes such as Delft University of TechnologyUj,
lllinois Institute of Technology (11T), Berkley an8tandford
which are partnering with MNCs for BoP design. Tehes
design cases can be found through Prahalad and[Bart
Brown and Hagel [3], Wilson and Wilson [4], JamigldNiels
[5].

The faculty of Industrial Design Engineering,eld
University of Technology (IDE/TU) starts design gtiae for
BoP since 2003, and the design projects includesatibn,
health, food & nutrition, water, energy, housingaterials,
connectivity, designing & tools and entrepreneyshihese
designs are usually called “Design for Base of Ryeamid
(DfBoP)” and there are more than 50 cases wereriexmped
until June, 2008.

B. Purpose of this paper

As similar as other innovative design reseasciE#BoP
research is initialized through design cases. Some
fundamental research questions such as “Is DfBaildke?”
and “Will industrial partners (companies) have fagts to
invest for BoP?” have been answered in the pastyears.
Several successful cases have been set up in ID&EJas
“Lifestraw” or “Woodstove” and some previous reszes
have been done through observation:

Kandachar and Halme [6] found that all casesstarted
with the needs of the users as a starting poinBéd® product
and innovations. Kandachar [7,8] has observed sbaéral
innovations are taking place that need to be censttifor an
effective approach to serve the unmet needs of the
BoP-community. These innovations include: on uside
ethnographic tools, cultural probes, business iatioms such
as hybrid business models, corporate responsibility
technological innovations like disruptive innovatp open
source designs, etc. Other innovations at the greneurial
side such as microfinance, social entrepreneursdgl to be
fonsidered as well. A schematic of the design meead the
several innovations needed are shown in figure 1:
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Figure 1: Schematic of the design process as peattt IDE/TU and
the need for innovations at several fronts to nteeunmet needs of
the BcP community

The observation result has been simplified BBhD[9,10]
with “4As” design principles as follows:

Prabhu Kandach

Figure 2 shows Diehl’'s design approach andaproach
has been proven successfully through design casarah
Cambodia (Kamworks & Angkor light projects) [11].

However, above researches are remaining agttgjy
research step”, which means all research resudisdéthe
meaning of statistic and they are difficult to bgplemented
into further design practices. There are two mispgtions
still existing: on the one hand, the differencenssn BoP and
common design is not obvious. Some research qusstiach
as “What's the relationship and difference betwdnP
design and common product development?” have nen be
answered yet; on the other hand, some internadjdéactors
for design researchers are not clarified. “Chaanpmena”
appears at every step of a BoP design and therdesigre
always surrounded by research questions such aat Wit
of factors will appear in BoP design?” or “When Ivihis
factor affect my design?” Compared with other commo
designs, the fuzzy possibility is higher and asslt, it lacks

> Availability — Unlike developed market, a produat o of systemic quality control approaches like Design Six

service for China rural healthcare should affearsis Sigma (DFSS) (Or explain like this: we don’t knowaather
through different channels. One hypothesis is bteta DFSS is efficient for BoP design.) So the desigk has been
device, and it can work for China rural anytime angoomed out. This paper is about one of them andithef the

anywhere.
Affordability — The design for rural healthcare shibbe
low cost and sustainable because target group lsain

incomes. There is no a comparison standard fore pric I.

reduction but at least 80 percent of the costazfrapared
product in western is necessary. The common désan
is to use advanced technologies such as Informatidn

article is to answer the research question “Whatisitn
factors will affect Design for Base of the PyrartiifBoP)?”

Methodology

A. Research Approach
We choose case study as the research methgdaldigis

Communication Technology (ICT), nanotechnologyyaper, and there are totally five steps used tieaefine goal:

(New package material) and biotechnology.
Awareness- Health awareness level of China rullsh
be considered before a design, and it's perfechef
design will help build awareness and education. élew
this is a big challenge for all stakeholders.
Acceptability- Social-culture is another importdattor
for designers. The designer may think of the tabbo
target group, and then aesthetics.

Acceptability:
Sustainability people
Profit
planet

Awareness:
User Context Research

Integral Product
Development
for the BoP

Availability:
New technologies

Affordability:
Business development

and
Innovations

Figure 2: An integral product development apprdacithe DfBoP by
Diehl, which includes four characters: Availabiligffordability,
Awareness and Acceptability
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We chose 24 typical DfBoP cases from IDE/TU,
which covers all BoP design fields.
Qualitative research: decision factors will be fdun
through individual cases.
3. Quantitative research: independent variables of
decision factors will be found through case analysi
4. Statistic research: all independent variables of
decision factors will be statistic in terms of raszh
activities from designer’s experiences.
5. Analysis research: the results of statistic will be
concluded as experience formula
As a result, all outputs of this research emenpletely
experience models, and there is still a distandenpdement
the research result into “artifact step” right nbecause the
research on individual difference elimination hag heen
finished.

N

B. Participant cases

24 DfBoP cases from all cases in IDE/TU haverbe
chosen, and all of them are organized as mastelugtian
projects, which are about 30 academic weeks (6 mspnthe
students (design groups) will finish different szywles of a
product development process according to differe#ds
from our industrial partners (MNCs, NGOs and local
companies). These commercial interests can be wdedlas
three main steps:

Feasible step: In this step there is not cdagreoduct, but
partners have interests in certain BoP field intaier

IMECS 2009



Proceedings of the International MultiConference of Engineers and Computer Scientists 2009 Vol II

IMECS 2009, March 18 - 20, 2009, Hong Kong

developing countries, such as Intel Healthcareimassting
interests on “Diabetes monitoring” in India whiléhilps
lighting has interests on “Lighting” for all overe world. The
outputs of the design are product concepts, eatipjoposed
solutions. This kind of design is also called “8tgy design”,
which is with some proven design knowledge andsskibm
department of Strategy Product Design. (SPD)

Pilot step: In this step the design is basedcorrent
products or technologies, and partners have irttetesnvest
their products from high-end markets to middle &w-end
markets, or from one developing country to othesetigping
countries, such as “Lifestraw” project for the Ddmcompany
Vestergaard Frandsen in Ghana and “Adoptable Wowest
project for Philips Domestic Appliances in Indiada@hina.
This kind of design is called “Integrated desigwhich is
with design knowledge and skills from department
Integrated Product Design (IPD).

Business step: In this step the design is basmed
successful previous product development and parthave
interests to discovery new business models, su¢aline

Microfinance: into (context)” project for Microsoiit South
Africa. This kind of design is called “Design fartéraction”,
which is with design knowledge and skills from depeent of
Design for Interaction (DFI).

All cases will be divided into above three stapd they can
be found at Table 1.

C. Qualitative research

We used two kinds of research methodologiesxfore
decision factors as qualitative research: crossescas
comparison and user evaluation analysis.

Cross cases comparison means we choose twdarsimi
DfBoP cases and compare their difference, thesereifces
will be considered as decision factors by designers

User evaluation analysis means we analyze suser

ogVvaluation in the DfBoP and confirm some decisgctdrs.

Finally, we found that all decision factors areolved into
four aspects:

1. Social factors
Some social factors such as culture and lifet el affect

Table 1: Design cases from IDE/TU, which covelDdBoP fields: education, health, food & nutritiomater, energy, housing, materials, connectivity,

designing & tools and entrepreneurship
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Company Title Date Country
Helps International | Improving the climate| 2006/06 + + + + + + Guatemala
of cooking area
NPSP Composieter] Natural Fibers in 2005/10 + + + + India
doors and windows
Ecofys/Kamworks Solar lighting 2005/10 + + + Cambodia
Vestegaard Fransen  Personal water 2006/04 + + + + + + Ghana
purifier
Bosch/Siemens Product service 2006/07 + + + + + Philippines
system for plant olil
stove
INBAR Human powered 2006/06 + + + + + India
splitting tool
Impact Support tool for 2006/09 + + + + + China
village doctors
Philips healthcare Screening device fof 2005/11 + + India
oral cancer
Philips Research Design of a malaria 2006/08 + + India
diagnosis
Philips Apptech Adoptable woodstove| 2006/04 + + + + + + India
Movendi/ MAK-D Tricycle for disabled | 2006/07 + + + + Ghana
entrepreneurs
EYE, Padan Reeling machine for| 2006/11 + + + + + India
silk farmer
Philips Apptech Safe drinking water 2006/4 + + + India
Philips Design Contextualizing 2006/2 + + + India
products
Philips healthcare Creating market 2005/12 + + + + India
insight
Micorsoft Online Microfinance 2006/02 + + + + Africa
Philips Appetch Adoptability of the 2005/10 | + + + + India
U-Specs
TU Water supply in slumg 2006/04 + + + + + Brazil
ECOFYS Rural Energy system 2008/04 + + + + +H o+ Africa
Phillips Apptech Cooking in rural 2007/06 + + + + + China
China
Phillips Apptech Safe drinking water 2007/06 + + + + + China
for China
Intel healthcare Mother health 2008/06 | + + + + + India
Intel healthcare Child health 2008/06 + + + + India
Intel healthcare Interface for diabetes 2008/06 + + + + + + India
monitol
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DfBoP. Just like common product design, socialdexcplay
key roles in a design process and they decide tBaysit or
not buy it” directly. One example is “Woodstove'bject.

At 2006, we designed a DfBoP product “woodstofor
rural India, which is very popular by local womet.2007,
we transferred this design into rural China, bufeend local
women don't like it at all. There is no differenbetween

though they have not very clear understanding alkbdanat
kind of advanced technology we use in DfBoP. Weetdone
a user experiment to test technical factors absafe“drinking
water” in rural Bangalore, India as Figure 4.

In this experiment, we designed three kindpmfducts,
which can filter same level drinking water. Prodigeft) and
2 (middle) are used same filter technology but edéft

products itself. The material is same, size is sa& is same materials, and product 2 and 3(right) are used saaterials

and even color is same. But the feedbacks fromtiguesiires
are completely opposite. Through comparison, wetige
answer “Cooking habit and dish size” at last asiFe(B.

Once we improved the size of the product, atepgsitive
feedbacks from Chinese women.

| .
Figure 3: Cooking habit is different in rural Indiad China, India
women like cooking by sitting while Chinese womike Icooking by
standing, and the dish size is different

2. Technical factors
Some technical factors such as material aifioaffect

DfBOP in this research. It is a popular point adwithat “low
cost advanced technology can be used for poverynd it
really happened in DfBoP, for instance, in the ¢Sseeening
device for oral cancer”, the design is based oregblnology
“Light Inducing Fluorescence (LIF)” and design taskto
create a pre-program user interface for rural dscto the

but different filter technology. The experimentukds that
“almost all of potential users make the same dewisiAs a
result, technical factors are proven related witBdp.
3. Market factors

Some market factors such as user salary @nebjure will
be considered in DfBoP. In fact, they will be demisfactors
because “DfBoP is also a business”, as mentioned in
introduction of this paper.

An example, called “Tricycle for disabled” ilh@na is a
typical successful case from “market factors” apufFé 5.

Figure 5: The final application of tricycle for dlsls in Africa is “Ice
cream sale” (right), which is a successful des@agechrough setting up
successful business model (left)

4. Organization factors

Through observing the cases, we found thatnizgtion
factors like government support, Non Government
Organization (NGO) support are also important inarete

case “Personal water purifier” the biochemical efilt cases. However, they are always identified wittfedént

technology has been used to create 99.999% puee;wdtile
in case “Online Microfinance” the
Communication Technology (ICT) is used to optimthe
microloans business model.

Preferénce for Metal versiom;

Figure 4: Local mothers in rural Bangalore are dimgp preferred
product, the main difference are about technicetbfs. And they will
result purchasing decisions.

On the other hand, it's an interesting phenanémat
technical factors will be considered in user’s aa#ibn even

ISBN: 978-988-17012-7-5

words in different project reports such as “Pddititactors”,

Information and“Policy factors” or “Network factors”. At most timehey are

accessorial factors but they became chief indeeckitain
cases, e,g design cases for rural China healthcare.

D. Quantitative research

To find the meaning of statistic of above faspects,
Quantitative researches about research activite® been
done in this paper. Quantitative steps are asvistio

1. We proposed that all design processes are divided
into six months, which covers feasible, pilot and
business steps averagely.

2. We conclude key factors of each aspect; all key
factors appear in more than two different DfBoP
cases at least.

3. We stat research activities (sometimes these
activities are called research through designpiohe
key factor, which refer the factor of influencessich
key factor in a DfBoP case.

4. The maximal efficient times of each key factor are
three, according to “1 in 3” design principle.
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To describe above steps clearly, a DfBoP ¢tkkeher
health” will be considered as example.
1. This case starts from initial of feasible step and at
first-fourth of pilot step. So it has been statistis
fifth-twelfth in a six months calendar.

2. Through conclusion, we found six key factors are

Table 2: The statistic result of research actigitie“Mother health” project in
rural India, and the result are looked as expedenformation for DfBoP as

well
. - - Key factors

Activity Activity description (time)

Trends & | Identify design trends and Partner (5/12)
Developments: developments from a hospital

Aravind Eye

Hospital

Observational Identifying problems, needs ip Life style (3/12)
research: Delivery user situations

Room

Focus group:| Identify trends, developments Partner (3/12)
opportunity from team of Manjunatha Maiya,

exploration BoP chair Manipal and earligr

student connections

Mother and Child| Identify issues, problems andCulture (1/12)

|/ Household /| needsin MCH Incomes(1/12)

Community level Awareness
(1/12)

Design of strategid Design of strategies for new Business model

directions solution development (2/12)

Evaluation of | Select the best strategic optiong Business model

Strategic Options | collect suggestions for (5/12)

improvements

Continuation: Stimulate parties to continue with Partner (3/12)

Supporting the results of our project towards

Successive concrete solutions

Attempts

Customers  and Identifying issues, problems and| Government
Policymakers needs through interviews from | (1/12)

Government

considered by designers: Culture, User awareness,

[

Table 3: Quantitative result of research activil- 3 - 2

Life style (Social), incomes (market), business
model (Market), and Government support and local
partner support (Organization). All of key factors
can be proven in other DfBoP cases.

3. We make a table to statistic designer’'s research
activities through their research report and cdntac
with designer directly. (table 2)

4. The research activities for each factor are notemor

than 3.
Quantitative results of DfBoP cases can badat table 3.

E. Satistic research

The statistic result is based on quantitatesuits, and the
result is efficient because all designers havelaimésearch
background, knowledge construction and design ssKillo
achieve a more visualized statistic result, wet stifresearch
activities into a standard 12 units coordinate.al®ynwe fit
four carves as Figure 6:

F. Analysisresearch

According to research experiences, there eridtalance
among all design factors at anytime in a desigrcgss by
Roozenburg and Eekels [12], this balance can berides as
follow mathematic formula:
jTiﬂi L(X‘) ITi i L(Xj) (1)

Ti =0 Ti-1 =)
Where i, j, m refer random parameters, L refeffittiag carve
of all design factors,;xefers a design factor of all design.

This formula can be translated as another farmuthis
research according to hypothesis:

[ LOHMALOHLO=T+] LGLMHLO+HO @)

Wherer refers the standard error.
To prove the accuracy of (2), we use a tool labato

1 ]

0

Social factors

Market factors Technical factors Ompization factors

Life
style

Cultur
e

User
habit

Title

Gover | Other
nment | partn
er

Polic
y

Adva | Low Mat
nced cost erial
techn
ology

Incom | Busin | Sale
es ess

model

Expen
diture

Improving the climate of cooking area

Natural Fibers in doors and windows

Solar lighting

Personal water purifier

Product service system for plant oil stove

Human powered splitting tool

—

Support tool for village doctors

Screening device for oral cancer

Design of a malaria diagnosis

Adoptable woodstove

Tricycle for disabled entrepreneurs

Reeling machine for silk farmer

Safe drinking water

Contextualizing products

Creating market insight

Online Microfinance

Adoptability of the U-Specs

Water supply in slums

Rural Energy system

Cooking in rural China

Safe drinking water for China

Mother health

Child health

O

Interface for diabetes monitor

-
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There are still a lot of research questioriztanswered for
Social factors L(s) Technical factors L) DfBoP right now, like “What are design features tdBoP?”
or “What is analysis process for DfBoP?” Even forrent
qguestion “What decision factors?”, the researchukshde
going on because individual difference will be feed for
special design fields such as health or Energy. theke
researches will be set up in future.

=
&

]

factor of influence
factor of influence
&
o

Feasible Pilot Bussiness Feasible Pilot Bussiness

Market factors L{m) Organization factors L(o)

VI. ACKNOWLEDGEMENT
o . It was great fun and an interesting researgieéance to
v collect cases for exploring an unknown field: Baidn. We
would like to thank master students: Del Caro Seain

08
06
04
02

0

01

factor of influence
factor of influence

Feasible Pilat Bussiness Feasible Pilat Bussiness BOOm, Groot de, Bottema, Bl]telaar, Boekhoven' \éeldan
Figure 6: Statistic results about factor of inflaerfor four different der, Hendrikse, Stranders, Rodriguez, Ideler, Nguye
factors in BoP design cases, which can be fitaanee L(x) = N(x)/24, Glasbergen, Huuis in't Veld, Mink, Thompson, Calude,
where N is the total number researc activities in a certain tim Chang, Hoikee and Broeders. Our research is bageeon
calculater. We also would like to thank the following peeplvho

support their students in their projects, alphaladiti: Petra
Badeke-Schaub, Annemiek van Boeijen, Casper Boks, H
. RESULT Brezet, Jan Buijs, Henri Chritiaans, Richard Gonssé&rik
Through calculate, we found = [-0.18, 0.2] in this Jan Hultink, Remco van der Lugt, Heimrich Kanis,nkie

research, while average error rate @r (2) is 6.4%. And the Kuipers, Kaj Morel, Ingo Oldenkamp, Joost Prins,ikDr
result of this research can be found in Figure 7. Snelders.

REFERENCES

Decision factors for DfBoP L(x) [1] Prahalad C.K and Hart S.L. (2002), Strategy + Bessn Issue 26,
www.digitaldividend.org/pdf/bottompyramid.pdf

[2] Prahalad C.K and Hart S.L. (2005), Fortune at tlettddn of the
Pyramid, The: Eradicating Poverty Through Profitéharton School
Publishing, 2005, ISBN-10: 0-13-187729-1, ISBN-13:
978-0-13-187729-0, Pages: 304

[3] Brown, J.S., and J. Hagel (2005), Innovation Blog¥baDisruptive
Management Practices from Asia. McKinsey Quarterig5-45.

[4] Wilson, C., and P. Wilson (2006), Make Poverty Bess: Increase
Profits and Reduce Risks by Engaging with the R8beffield, UK:

9 4+—1—vb—m- Greenleaf Publishing)

[5] Jamie Anderson and Niels Billou(2007), Serving therld’s poor:

1
E— —— e —— — — —_——— — —
1
1
I
I
I

factor of influence
-

Feasible Pilot Bussiness innovation at the base of the economic pyramidyrkduof Business
Strategy, Vol. 28 No. 2 2007, pp. 14-21
[6] Kandachar, P.V and Halme, M.(2007), Introductiom Exploratory
Journey Towards the Research and Practice of the
Figure 7: Decision factor for DfBoP carve, whictsf{2) “Base-of-the-Pyramid”, Grenner Management Inteoradl, Issue 51,
. . . June 2007, p.3-17. ISSN: 0966-9671. Edited bybRwaKandachar.
As a whole, this research is efficient becabuse is not Greenleaf Publishing, Sheffield, UK
very huge. It refers missing decision factors iis tiesearch [7] Kandachar.P.V (2007), Designing for the Base ofRjsamid, Keynote
and the formula can be |mpr0ved through more cases. at The 9th International Conference on Eng|ne%mﬂ_i’ Product DESIgn
Education, Northumbria University, Newcastle upognd, 13-14
September 2007.
V1. CONCLUSION AND DISCUSSION [8] Kandachar. P.V (2006), Base-of-the-Pyramid Strategind Global
The research question “What decision factors vifitc Sustainability, Keynote Speech, 13th InternatioBahference of the
DfBoP” has been discussed in this paper. The aﬂl}bmved Greening of Industry Network[GIN], Cardiff, WalddK July 2-5, 2006

. . [9] J. C. Diehl and Henri Christiaans(2007), How to iDedor the base of
that Social factors, Market factors, Technical dastand the pyramid. (Submitted)

Organization factors are main decision factorsubhocase [10]J. c. Diehl, Sacha Silvester and Stephen Boom (RQéghting for rural

study. All DfBoP cases are from student projecttb/TU Cambodia, an example of social responsible degigigeeding of the
since 2003. TMCE 2008, April 21-25, 2008.
: : : P [11]J. Rodrigueza, J.C. Diehl, and H. Christiaans(20@&)ning insight
The research process of this ar_tlc,le Induqea“_mtlve into unfamiliar contexts: A design toolbox as infat using role-play
research, quantitative resean_:h, statistic ancyasaFlna.IIy, techniques. Interacting with Computers Volume $8ué 5, September
we found that DfBoP fits design features as comuhesign 2006, Pages 956-976

such as Roozenburg and Eekels. All research remgltsased [12IN.F.M.Roozenburg and J.Eekels(1995), Product Designdamentals
on experience research, so the conclusion cantised for Sgd75'\_/'§éh°ds' Published by John Wiley & Sons Ltd,9k6 and
practice immediately. '

ISBN: 978-988-17012-7-5 IMECS 2009



