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ABSTRACT

More than ever before, engineers are creating products for
developing countries. One of the purposes of these products is
to improve the consumer’s quality of life. Currently, there is no
established method of measuring the social impact of these types
of products. As a result, engineers have used their own metrics
to assess their product’s impact, if at all. Some of the common
metrics used include products sold and revenue, which measure
the financial success of a product without recognizing the social
successes or failures it might have. In this paper we introduce a
potential metric, the Product Impact Metric (PIM), which quan-
tifies the impact a product has on impoverished individuals – es-
pecially those living in developing countries. It measures social
impact broadly in five dimensions: health, education, standard of
living, employment quality, and security. The PIM is inspired by
the Multidimensional Poverty Index (MPI) created by the United
Nations Development Programme. The MPI measures how the
depth of poverty within a nation changes year after year, and
the PIM measures how an individual’s quality of life changes af-
ter being affected by an engineered product. The Product Impact

Metric can be used to predict social impacts (using personas that
represent real individuals) or measure social impacts (using spe-
cific data from products introduced into the market).

1 INTRODUCTION
In 2014, nations around the world collectively provided

$161 billion in development assistance and aid for developing
countries [1]. This amount has increased progressively through-
out history. Moreover, engineering work in developing countries
is also increasing. It is believed that this work has changed the
lives of people around the world, but measuring its impact has
been difficult – yet needed to improve the engineer’s ability to
positively affect society [2].

Aside from the use of engineering safety factors, traditional
product evaluation tools are not designed to measure the so-
cial impact of engineered products, and there is no established
methodology or tool that does [3]. As a result, engineers often
describe a product’s impact in financial terms [4–6]. This method
does allow the engineer to optimize and improve products, but
the social impact of these products is still unknown. The pur-
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pose of this paper is to introduce a metric to quantify the social
impacts of engineered products.

The metric presented in this paper is called the Product Im-
pact Metric (PIM). It quantifies an engineered product’s impact
on impoverished individuals. It organizes multiple dimensions of
impact, and compiles them into one score that can be compared
for a variety of products or design alternatives. The dimensions
included are health, education, standard of living, employment
quality, and security. The PIM is meant to measure the social
impact on people who are deprived of these necessities. It is im-
portant to recognize that the social impact measured by the PIM
is a function of both the product and the consumer [7]. Thus, a
social impact of the same product can vary for people in different
life situations. For example, a device that gives people clean wa-
ter will have a greater impact on people who do not have clean
water than for people who already do.

It is also important to recognize that not all products need
to maximize social impact. The difference between products
that do and do not benefit from a PIM analysis can be observed
when comparing products launched by traditional versus social
entrepreneurs. Traditional entrepreneurs use tools that maximize
profits, where the impact of these products is often measured
in financial terms such as, how many units are sold, the mar-
ket share, or the revenue generated. While these products will
have a social impact, it is not usually the primary basis for deci-
sion making, and therefore would not benefit significantly from
a PIM analysis.

In contrast, the social entrepreneur seeks social change,
where the impact of their products is often evaluated by how
they affect their consumers and other people involved in their
business [8]. Although having a sustainable revenue is still an
important factor, the primary basis for decision making is driven
by changing underdeveloped social conditions. The types of as-
sessment tools for these products are often more subjective and
less usable by people trained in engineering. Therefore engineers
designing products of this nature would benefit significantly from
the PIM. Additionally, the impacts of these products become evi-
dent only after they have been distributed and sufficient measure-
ments from the consumers have been taken. As such it would
benefit engineers to be able to use the PIM analysis as a way to
predict product impact before it has been introduced to the mar-
ket.

The need for a social impact measure is essential, yet not
trivial because of its multidimensionality. Knowing what to mea-
sure is complicated because a product can influence more aspects
of a consumer’s life than what it affects directly and obviously.
For example, when people gain access to clean drinking water,
the prevalence of disease tends to decrease [9]. Likewise, when
people gain access to better cooking and heating fuels, respi-
ratory illness occurrence decreases [10, 11]. Additionally, the
more education a woman receives, the better off her children
will be [12, 13]. Contrarily, negative impacts (such as decreas-

ing crop yields) can result when products disregard religious and
community rituals [14]. These indirect impacts can be missed if
the correct indicators are not chosen or if data is collected im-
properly.

Another source of difficulty comes from cultural differences.
When the engineer is from a different culture, understanding the
consumer’s point of view can be difficult. Culture influences
people’s perception of a product’s value. For example, some-
one might buy a product simply because it is a “cool, American
invention” [15]. This can skew impact results that are based on
the number of users and revenue from a product. Metrics that
track how the consumer is affected by a product are less likely to
be influenced by culture as they are related to the product’s capa-
bilities more than consumer perception and marketing activities.

In addition to the factors already explained, engineers are
typically untrained and unfamiliar with assessing the social im-
pacts of a product or program [16]. Though emerging engineer-
ing topics, such as energy justice, are beginning to acknowledge
the relationship that products have with important social issues,
engineers still tend to focus on product capabilities to identify a
product’s success or failure [17]. A product’s impact and success
cannot be determined by its functional capabilities alone (many
products with promising functionality have been abandoned by
consumers) [16]. Similarly, success cannot be evaluated based
on social impact alone. Other impact areas, such as financial
and environmental, should also be considered when developing
a product [18–20]. Managing the tradeoffs between these impact
areas adds to the complexity of the engineer’s job.

In order to enhance the abilities of engineers, new strategies
for measuring product social impacts are needed. These met-
rics may be specific to a single product, or abstract in order to
measure various types of products. The PIM is meant to be a
universal metric so that it can be used for all products. By taking
this approach, the accuracy of the PIM is knowingly decreased
(it is less likely to show all of the impacts of every product), but
the usability of the metric is increased because it may be used for
all products without modifications. These metrics must be easy
to use because the data may be unusable if product and consumer
data is collected incorrectly [21].

In this paper, the PIM is introduced as a way for engineers to
assess the impact of the products they develop. We believe that
the PIM has the potential to – as a first step – assist engineers in
developing products that are meant to create a social impact.

2 Multidimensional Poverty Index
The PIM is inspired by the Multidimensional Poverty In-

dex (MPI). The MPI was created by the United Nations Devel-
opment Programme (UNDP) and was first part of the Human
Development Report in 2010 [22]. The MPI measures a popu-
lation’s level of poverty. This is done by analyzing survey data
in three dimensions: health, education, and standard of living.
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The UNDP chose these dimensions because they are widely ac-
cepted as measures of poverty, but also because these are the only
dimensions that had sufficient data for the underdeveloped coun-
tries that the MPI measures. Data for the MPI comes from house-
hold surveys conducted around the world by several national and
global organizations (the UNDP does not conduct their own sur-
veys) [23, 24]. The Product Impact Metric does not have this
same data restriction because it uses new data that will be col-
lected for each product. For this reason, any dimensions could
have been included in the PIM.

While the MPI may use sufficient data for its purposes, the
PIM benefits from using additional dimensions. The first three
dimensions of the PIM are the same as the MPI: health, educa-
tion, and standard of living. The last two dimensions of the PIM,
employment quality and security, are among those that the Ox-
ford Poverty & Human Development Initiative believe are miss-
ing from poverty data [24–26]. Other similarly missing dimen-
sions of poverty data are agency and empowerment, psycholog-
ical and subjective wellbeing, and ability to go about without
shame [27–29]. Employment quality and security were selected
because they can be measured with quantitative data, while the
others rely heavily on subjective qualitative data. It is plausible
that a product can directly impact health, education, and standard
of living simultaneously, but it is less likely that a product will
directly influence all five of the chosen dimensions. The addi-
tion of these dimensions enables the PIM to account for indirect
impacts that the engineer might not notice otherwise.

In order to allow the PIM to more accurately track impacts,
some calculation methods are changed from the MPI. The indi-
cators in the MPI are binary, in that they are either satisfied or
not. The indicators in the PIM are normalized between zero and
one, zero meaning completely deprived and one being above the
poverty line. In this way, when a product causes indicator values
to change the PIM score reacts accordingly.

The MPI was an essential building block for creating the
PIM. We started with it because it is globally recognized, de-
bated, and refined. We have confidence that this makes the PIM
a metric that can be used by people familiar and unfamiliar with
social impact because interpreting MPI scores does not require
training or significant explanation. By learning from the MPI
and other insight gained from literature and our experience, we
believe the PIM captures a necessary multidisciplinary perspec-
tive.

3 Proposed Metric
The equations that make up the PIM follow here accompa-

nied with clarification of the calculation methods. The calcu-
lations are organized by measurement dimension as well as the
consumer’s characteristics.

3.1 Mathematical Relationships
The equation for the Product Impact Metric,

PIM = Mi−Mi−1 (1)

includes the multidimensional poverty level before (Mi−1) and
after (Mi) the introduction of the product. In this way, the PIM
measures how the product affects the consumer by determin-
ing the difference in a consumer’s level of poverty. Two addi-
tional aspects of the PIM score are time with the product and
the poverty increase of consumers independent of the product.
Some impacts may only become evident after the consumer has
the product for a long period of time and even without the engi-
neered product their level of poverty might increase. These are
further discussed in Sections 3.2 and 3.4 .

Being multidimensional, this measure can reveal impacts a
product has on many aspects of the consumer’s life, both positive
and negative. The multidimensional poverty level,

M =
1
5
(H +E +L+Q+Y ) (2)

includes the following measurement dimensions: health (H), ed-
ucation (E), standard of living (L), employment quality (Q), and
security (Y ). All of the dimensions (H, E, L, Q, Y ) are scaled
to be between zero and one, thus making them equally weighted,
similar to the MPI. To preserve universal comparison from prod-
uct to product across many researchers, we strongly discourage
weighting these factors differently without explicitly acknowl-
edging it to be a weighted PIM. An M score of zero indicates that
the person is completely deprived in all dimensions. When us-
ing a geometric mean, if the person is deprived of one dimension,
the entire M score is zero, regardless of the other dimensions. An
arithmetic mean allows a dimension to equal zero without forc-
ing M to be zero. If a product has some negative impacts but the
total PIM score is positive, the negative impacts will be evident
in the difference of each dimension and can be conscientiously
assessed individually.

The Product Impact Metric accounts for impacts in these five
dimensions of measurement (H, E, L, Q, Y ) because they are
simple to measure and indicative of a person’s level of poverty
[23, 24]. Each dimension is made up of sub-dimensions, marked
with upside down hats ( ˇ[ ]), that include standard measurements
and field measurements. Standard measurements, such as the na-
tional poverty line, can be collected from online databanks or
other legitimate sources of national and regional data. The stan-
dard measurements used in the PIM are in Table 1. Field mea-
surements are collected directly from the consumer, such as their
weekly working hours. The field measurements that are neces-
sary to calculate the PIM are in Table 2. Each sub-dimension
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follows the form,

ˇ[ ] =


Num
Den , Num < Den
1, Num≥ Den
0, Num or Den≤ 0

(3)

so that it cannot equal more than one. The calculation of
each dimension is completed by finding the average of the sub-
dimensions

The first dimension, health, is measured with the sub-
dimensions of nutrition (Ň), and child mortality (B̌). The equa-
tion for health is,

H =

{
1
2 (Ň + B̌), Has children dependents
Ň, Has no children dependents

(4)

where,

Ň =
sBMIv−|sBMIv− sBMIr|− sBMIa

sBMIv− sBMIa
(5)

B̌ =
nc−ncb

nc
(6)

nc = ncz +ncb (7)

It includes field measurements for the body mass index (sBMIr),
number of children (nc), number of child deaths in the family
(ncb), is the number of living children (ncz), and standard mea-
surements of average healthy BMI score (sBMIv), and malnour-
ished BMI score (sBMIa). A BMI score includes measurements of
height, in meters, and mass, in kilograms. The equation for cal-
culating BMI is, sBMI = weight/height2. In Ň, the BMI scale is
the same for all adults but changes throughout a child’s life. Chil-
dren have lower BMI scores than adults and so their healthy and
malnourished BMI scores are also lower. The values of (sBMIv)
and (sBMIa) can be found in growth charts produced by the World
Health Orginization [30]. The healthy BMI score, (sBMIv), is the
50th percentile on the growth chart and the malnourished BMI
score, (sBMIa), is the 5th percentile on the growth chart.

The second dimension, education, has sub-dimensions for
education are child schooling (Šc) and the individual’s level of
schooling (ŠI). The the equation for education is,

E =

{
1
2 (Šc + ŠI), Has children
ŠI , Has no children

(8)

TABLE 1. Standard measurements used in the calculation of the PIM.
Standard Measurements Values

Health (H)

Average good BMI (sBMIv) 21.75*

Malnourished BMI (sBMIa) 16*

Education (E)

Acceptable years of schooling (nlα ) 8*

Standard of Living (L)

Water distance maximum (dwα ) 200 m

Acceptable sanitation facilities per family (nt f α ) 1

Hours maximum of electricity (heα ) 168 hrs

Monthly income poverty line (myo) Regional

Employment Quality (Q)

Average regional working hours (hkα ) Regional

Security (Y )

Total number of protection parameters (npα ) 5

Total number of exposure parameters (nxα ) 5

* For adults

where,

Šc =
ncl

nclg
(9)

ŠI =
nql

nlα
(10)

The field measurements are the number of children in school
(ncl), the number of school aged children (nclg), the years of
schooling of the individual (nql), and a standard measurement
for the acceptable years of schooling (nlα ). The children are the
children of the consumer being measured.

The third dimension, standard of living, contains sub-
dimensions for household cooking and heating fuels used (F̌),
sanitation access (Ť ), clean water access (W̌ ), electricity usage
(Ě), and income (Ǐ). For this dimension the equation is,

L =
1
5
(F̌ + Ť +W̌ + Ě + Ǐ) (11)

where,

F̌ =
nyα

nyα +nyβ

(12)
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TABLE 2. Field measurements used in the calculation of the PIM.
Field Measurements

Health (H)

Height

Mass

Measured BMI (sBMIr)

Total number of children (nc)

Number of living children (ncz)

Child deaths (ncb)

Education (E)

Children in school (ncl)

School aged children (nclg)

Individual’s years of schooling (nql)

Standard of Living (L)

Clean Fuels (nyα )

Dirty Fuels (nyβ )

Sanitation facilities per family (nt f )

Water distance (dw)

Hours with access to electricity (he)

Monthly income (my)

Employment Quality (Q)

Weekly working hours (hk)

Weekly work hours lost due to injury (hk j)

Independents

Security (Y )

Number of protection parameters (np)

Number of exposure parameters (nx)

Calculated Measurements

Measured BMI (sBMIr)

Multidimensional Poverty Level (M)

Product Impact Metric (PIM)

Ť =
nt f

nt f α

(13)

W̌ =
dwα −dw

dwα

(14)

Ě =
he

heα

(15)

Ǐ =
log my

log myo
(16)

The field measurements used are the number of clean fuels used
in the home (nyα ), the number of dirty fuels used in the home
(nyβ ), the number of sanitation facilities per family (nt f ), the dis-
tance to an improved water source in meters (dw), the number of
hours of electricity per week (he), and the monthly income per
capita of the family (my). Standard measurements are the accept-
able number of sanitation facilities per family (nt f α), the maxi-
mum acceptable distance to an improved water source (dwα ), the
maximum hours of electricity per week (heα ), and the national
poverty line (myo).

In F̌ , dirty fuels are those that produce large amounts of
smoke, like biomass, coal, and others. Clean fuels are those
that do not have high emissions such as kerosene and propane.
Electricity is also considered a clean fuel because there are no
household emissions. Dirty fuels burnt in improved cookstoves
designed to reduce in home emissions may be counted. For Ť , an
acceptable sanitation facility is one that can be visited in private,
is free of feces, and has few flies. This follows the standards set
out by the United States Agency for International Development
(USAID) and other organizations [31]. Facilities that are in the
open and bucket latrines do not count as sanitation facilities un-
less they are maintained by a sanitation service and not the user.
Approved water sources, in W̌ , also follow guidelines set by US-
AID [31]. If a water source is a maintained source of clean water,
like a well, piped water, or a public fountain, then it should be
counted as a water source. Unimproved water sources include
rivers, streams, and lakes and are not counted. If an improved
water source is know to be contaminated, it is not counted as a
water source. Hours of electricity, he in Ě, is the hours of plug-
in electricity that the home receives. This can include power
from a battery or generator if it is a reliable source and can pro-
duce power sufficient for more than just lighting. The monthly
income, my in Ǐ, is the per capita income of the family. The in-
comes of all members of the family are included. The national
poverty line should be taken from a reliable source such as a
government or employment website and should be on a monthly
scale.

Employment quality’s sub-dimensions are hours of employ-
ment (Ř) and work related injuries (J̌). As this dimension is not
included in the MPI, a new equation for employment quality was
created, and is,

Q =
1
2
(Ř+ J̌) (17)
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where,

Ř =


hk

hkα
, Independent or Dependent, Able

hkα−hk
hkα

, Dependent, Not able, Working
hkι

hkα
, Dependent, Not able, Not Working

(18)

J̌ =


hk−hk j

hk
, Independent or Dependent, Able

hk−hk j
hk

, Dependent, Not Able, Working
hkι−hk jι

hkiι
, Dependent, Not Able, Not Working

(19)

Employment quality includes field measurements for the weekly
income-generating hours (hk), weekly hours of lost employment
due to work injury (hk j), and the independent providers weekly
income generating hours (hkι ), the independent providers weekly
hours of employment lost due to work injury (hk jι ), and one stan-
dard measure, the regional average income-generating hours per
week (hkα ). In Equations 18 and 19, someone who is able, is
physically and mentally able to work. This does not include chil-
dren (within the regional age of minors) or the elderly (past the
regional age of retirement). Weekly working hours, should rep-
resent a normal work week schedule and not account for holidays
or injury time off. The independent provider’s numbers are used
when the consumer is completely dependent on their provider.

Similar to employment quality, the equation for security was
created for the PIM. Security is broken into two sub-dimensions,
protection (P̌) and exposure (Ǒ) and its equation is,

Y =
1
2
(P̌+ Ǒ) (20)

where,

P̌ =
np

npα

(21)

Ǒ =
nxα −nx

nxα

(22)

Measurements needed are the number of protection parameters
(np) and the number of exposure parameters (nx), as well as the
maximum protection parameters (npα ) and maximum exposure
parameters (nxα ). Literature on crime was examined and five
factors of both protection against and exposure to crime were
extracted [32–36]. The protection parameters are a local police

force, ability to lock the entire house, organized after school ac-
tivities for children in the neighborhood, no criminal past, and
that the consumer lives with trusted people. The exposure pa-
rameters consider if a person is a drug or alcohol user, a business
owner, must leave the house at night, if there is criminal activity
in the neighborhood, and if the neighborhood is resource poor.

To increase the metric’s consistency, clarification of these
parameters is necessary. The protection parameter ”ability to
lock the entire house” can only be satisfied if every door and
window can be shut and tightly locked or if a secure wall or
high fence circles the home and can be locked. Organized af-
ter school activities for children must be organized by a school
or other community organization and be supervised by adults.
Simply having places where children can participate in activi-
ties, such as parks, does not qualify. In order for someone to be
a trusted roommate, the consumer has to have known them for at
least one year. Living alone is counted as not living with a trusted
roommate. In order to have the exposure parameter for leaving
the home at night, the reason to leave must be for a necessity and
not for pleasure or leisure. Such necessities include traveling to
and from work, getting to a sanitation facility, and fetching water
or other resources. The trips out of the house must occur at least
once a week in order to qualify. Finally, resource poor neigh-
borhoods are those where a majority of the community does not
have sufficient food, water, energy, or other resources. This does
not have to include the consumer who might have sufficient re-
sources but refers to the conditions of the community. These
guidelines are meant to clarify the measurements that will need
to be taken and assist those who use the PIM.

3.2 Counterfactual
In order to attribute an impact to a single product, the im-

pacts of other products, projects, and social influences acting on
the consumer can not be ignored. These external factors, which
also contribute to the social progression of consumers, are called
the counterfactual [37]. A common approach of determining the
counterfactual is by taking measurements from a control group
concurrently with the measurements of the impacted group. If
the PIM results are not compared to a counterfactual, then all
the social improvement the consumer has are attributed to the
product, which may or may not be true. Especially in developing
countries, there are other factors and groups that are trying to im-
prove peoples lives, such as government programs. Thus, along-
side the measurements that are taken for the group of impacted
consumers (PIMφ ), measurements must be taken of a control
group (PIMτ ). Using a method called difference-in-differences,
the PIM of the control group is subtracted from the impacted
group

PIMδ = PIMφ −PIMτ (23)
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to determine the true impact (PIMδ ) [38]. Measuring both a con-
trol group and an impacted group can be expensive and difficult
to manage for many engineering groups. A method to reduce the
cost of these measurements is by using personas.

3.3 Personas
Field survey data collection is very expensive and out of the

scope of many engineering projects. When the engineer is far
from their consumer, travel costs are high and time with con-
sumers is limited. In order to reduce the costs and complexity of
impact assessment, personas based on actual data may be used
to simulate people who would use the product. Personas are a
design tool used in human centered design [39]. They are a rep-
resentation of a possible consumer and used to focus product de-
sign efforts. In the PIM, they are used to predict possible impacts
on the consumer. Databanks such as World Bank, have data sim-
ilar to the PIM indicators, only they are on a national scale. Indi-
cator values can be generated from this data to create a persona
that can be used to assess the impact of a product on a consumer.
Additionally, control groups of personas can be produced that
mimic actual populations for creation of the counterfactual. By
collecting data over a similar time period as the data collected
from the impacted consumers, a PIMτ can be created. This way,
the counterfactual can be created at a low cost.

Personas should be analogous to the projected consumer
group. Only when personas closely match the consumers, will
their PIM score be accurate. The PIM relies on the depth of
poverty of the consumer, if the poverty level of the persona does
not match the consumer’s, then the PIM will be wrong even if
indicators are changed in the same manner. Also, more research
than retrieving indicators is necessary. The type of work, family
structure, environment, and other social factors should be known
while creating a suitable persona. This research also prepares the
engineer to knowing how the product will affect that consumer.
An example of a persona and product assessment is in the Sec-
tion 4. Additionally, it is beneficial to observe the impact on
men, women, and children. Deprivation among women and chil-
dren is known to be higher than men, especially in low income
countries [13, 40]. Also, women and children are more impacted
by products meant to reduce poverty [41]. Both of these factors
offer evidence that the PIM score has potential to be higher for
women and children than for men. This information should be
factored into the decision of who the persona is.

3.4 Time
Long term analyses of products in the developing world are

not common practice, though they should be. Unfortunately, it is
more common to publish results of a product or project soon after
launch. Without periodically tracking the impacts of a product
it is difficult to ascribe them to the product alone. Long term
analyses give more information on how the product is accepted

and if it is useful to the consumers. In order to motivate more
long term product assessments, the PIM includes indication of
the time attributed with the data collected. A subscript of the
number of months of use the product has is added to the PIM
score. If a product has a PIM score of 0.56 after 20 months of
use, then the score should be displayed as 0.5620. PIM scores
that have more time demonstrate the sustained impact and are
vital to learning more about product social impacts. Using this
time element will make the PIM more transparent and scores that
have more time will receive higher praise and recognition.

4 Examples
The PIM can be applied to either a persona that represents

the target market or an actual person who is affected by the prod-
uct. While personas can be used to predict an anticipated prod-
uct impact, using a real person has a greater potential of finding
a more meaningful PIM score. In this paper, personas are used
for demonstration. The product chosen to model is the Village
Drill. It is a human powered drill for digging bore holes for wa-
ter wells in developing countries [42]. It was first launched in
Tanzania, but has since been used across Africa and into South
America and Asia. In this paper, the persona created is not a
person who purchases the drill, but someone who purchases a
bore hole, the consumer. Many products made for developing
countries are sold to non-governmental organizations or have the
purpose of creating businesses. In cases like these, creating a
persona for the consumer might be more beneficial.

4.1 Adia the Farmer
A persona, named Adia, was created to assess the impact of

the Village Drill, see Figure 1. She lives with her husband and
children in western Kenya. They own a piece of land and farm
vegetables and grains. They rely mostly on the rain to water their
plants because the closest reliable water source is two kilometers
away. Her small community has saved enough money to buy a
well produced by a Village Drill team. They plan on putting the
well in a central location so that everyone in the village will have
access to the water.

Before the well is drilled Adia has an M score of 0.53, and
after her village received the well her M score raised to 0.69.
When the difference is calculated, the Village Drill’s PIM score
is 0.16. The drill has a direct impact on her water access, while
the water sub-dimension can only change the PIM score by 0.04
at most. The higher PIM score is due to the indirect impacts of
the Village Drill.

While the example of a bore hole may seem to have an ob-
vious positive impact, much is learned about indirect impacts.
With easier access to clean water, she was also able to improve
the family farm, which raised her income and improved her nutri-
tion. In addition to this, she and her husband have water nearby
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and can perform the farming duties with greater ease. This al-
lows all of her children to go to school while she and her hus-
band do the work necessary for the home and farm. These and
other indirect impacts are only evident because the PIM score
is multidimensional. All of the indirect impacts would not have
been noticed if the engineer was only measuring how the Village
Drill improved her access to clean water. The Village Drill’s PIM
score shows that its impact goes beyond giving people access to
water.

FIGURE 1. Adia buys a bore hole from a team of drillers using the
Village Drill and its impact on her is shown here.

ADIA 
FARMER 

Adia lives with her husband and 4 children in a small village in Western 

Kenya. She owns a small piece of land where they farm vegetables and 

grain every year. They rely on rain water as their main source of water for 

their crops. Any surplus crops they have, they sell. There are years that 

they don’t grow enough to sustain their family for the next year. When 

there is no rain, they get water from a stream 2 kilometers 

away and hand water their crops. All of their drinking water 

comes from the stream as well. She and her 4 children make 

trips to the stream to fetch water in jugs and buckets. The 

water from the stream is dirty, but they don’t have access to 

another water source. Her children don’t go to school 

consistently because she needs their help at home and on the 

farm. The children are also often sick from the bad water.  

Indicator Before the Bore Hole After the Bore Hole 
BMI 16 18 

Total children (school aged) 4 5 
Child deaths 1 1 

School aged children 3 3 

Children in school 2 3 
Individual’s years of school 3 3 

Clean fuels 0 0 
Sanitation facilities per family 0 0 

Distance to clean water (m) 2000 20 
Electricity use (hours) 0 0 

Income (Kenyan Shillings) 1200  1600  

Poverty line (Kenyan Shillings) 1562  1562  
Weekly hours toward income 48 48 

Work hours lost to injury 8 2 
Protection 2 3 

Security 2 1 

Multidimensional Poverty 
Level (M) 

.5336 .6866 

Product Impact Measure 
(PIM) 

 .1530 

 

Goals: Increase crop yield, 
send children to school, 
spent time at home making 
items that she can sell 

Pain Points: Carrying water 
has made her have back pain, 
children don’t go to school 

 

5 Conclusion
Determining the direct and indirect impacts of engineered

products on people in poverty is the purpose of the Product Im-
pact Metric. Without measuring for potential indirect impacts,
the extent of a product’s influence on consumers is not entirely

captured. Even when products have different direct impacts, their
PIM scores are of the same unit. Therefore, the PIM can be a
means of comparing products that impact poverty. This can assist
organizations seeking to generate a large social impact because
they would be able to choose the products they distribute based
on the product’s social impact, provided by the PIM.

Also, products that have high impacts and long trial times
can teach engineers more about social impact. New insight can
be gained from these products such as why they might have a
greater impact than others. This can be used to create better
product design tools for creating products meant to alleviate un-
derdeveloped social conditions.

The Product Impact Metric does have shortcomings. First, it
is only valid with consumers who are deprived. A product that is
meant to relieve deprivation, will likely not have a large impact
on someone who is not deprived. If measuring from personas or
people who are not deprived, a negative PIM score can result.
A negative score indicates that the product has flaws or that the
market chosen is not ideal.

Second, because the PIM measures impact on a personal
level, measuring the PIM from more than one consumer can re-
sult in different values. Social impact is a function of the con-
sumer’s conditions and the product, so it can change from person
to person. This might also be a strength because assessing the
impact of the product beyond the initial purchaser can lead to ad-
ditional findings. A product can have a significant impact on any-
one who interacts with the product, whether they be consumers
or employers.

Third, because the PIM is a universal and general metric, it
might miss very specific impacts. While this is true, it is also
beneficial to measure the change in each of the measurement di-
mensions individually to see how the product effects each dimen-
sion independently. If there is a negative impact to one or two
dimensions, this can help engineers know how changes should
be made. Knowing where the greatest impact is can assist engi-
neering teams in marketing the product, making changes to the
design, and creating a more positive impact. But in order to get
more specific results, specific metrics must be used.

Engineers are trained to focus on the product’s measurable
metrics that give precise indication as to whether goals are met.
Because of the nature of social and product impact, creating a
tool that gives a similar indication of success has proven difficult
for engineers. Engineers often do not have the education or train-
ing necessary on how to create social impacts [16]. Along with
this, selecting indicators to measure social impact is not a skill
most engineers have. The approach of the PIM is to stay more
general and abstract so that it can be used for all types of prod-
ucts, without modifying the metric. While this might overlook
some specific impacts, it is believed to be effective at indicating
if a product has a positive or negative impact. Future work must
be done to create additional, more specific metrics that can give
specific impact results.
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Currently, engineers are designing products destined to as-
sist those in need in developing countries. Many of these en-
gineers will never know the true impact their product has on a
consumer. By adopting the PIM, they will know their product’s
impact and be able to design products that have a positive im-
pact. In this way, we as an engineering community can better
serve our consumers and can account for more of the influences
of our products.
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