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ABSTRACT

Methods and Metrics to Measure and
Predict the Social Impact of

Engineered Products

Phillip Douglas Stevenson
Department of Mechanical Engineering, BYU

Master of Science

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 thesis I introduce
a potential metric, the Product Impact Metric (PIM), which quantifies the impact a product has
on impoverished individuals – especially those living in developing countries. It measures social
impact broadly in five dimensions: health, education, standard of living, employment quality, and
security. By measuring impact multidimensionally it captures both direct (having to do with the
products main functions) and indirect impacts (not related to the products main functions), thereby
revealing more about the products total impact than with other metrics. These indirect impacts can
have a larger influence on the consumer than the direct impacts and are often left unmeasured. It
is calculated based on 18 simple field measurements of the consumer. The Product Impact Metric
can be used to predict social impact (using personas that represent real individuals) or measure
social impact (using specific data from products introduced into the market).

Despite its challenges, the measurement of a program or policies social impact is a common
practice in the field of social sciences. This measurement is made through social impact indicators
which are used to measure, predict, and improve potential social impacts. While there are clear
benefits to predicting the social impact of a product, it is unclear how engineers are to select social
impact indicators and build predictive models. This thesis introduces a method of selecting social
impact indicators and creating predictive social impact models that can help engineers predict
and improve the social impact of their product. First, an engineer identifies the product’s users,
objectives, and requirements. Then, the social impact categories that are related to the product are
determined. From each of these categories, the engineer selects several social impact indicators.
Finally, models are created for each indicator to predict how a product will change these indicators.
The impact categories and indicators can be translated into product requirements and performance
measures that can be used in product development processes. This method of predicting social
impact is used on the proposed, expanded U.S. Mexico border wall.

Keywords: Phillip Stevenson, Social Impact, Predictive Models, Product Design
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CHAPTER 1. INTRODUCTION

Whether designed to do so or not, engineered products impact people’s lives everyday.

How a product changes a person’s life is known as the social impact. Some social impacts have

been integrated into product design more frequently than others. The impact a product has on a

user’s health and safety are commonly understood in engineering design, as can be seen by the

ubiquitous use of safety factors. The impact a product has on gender roles, family dynamics, and

civil rights have been more difficult for engineers to measure, understand, and use as performance

measures in product development processes. The purpose of this research is to create tools that

engineers can use to understand and improve a product’s social impact.

The social impact of a product has been difficult to present in a way that is meaningful to

engineers. Engineers are trained to focus on a product’s measureable parameters, such as weight,

length, and strength, to determine a product’s performance. In contrast, when measuring social

impacts, data is often qualitative and subjective. Even so Sustainable Development Goals from the

United Nations and Grand Challenges for Engineering from the National Academy of Engineering

have both identified the need for engineers to help solve the world’s social issues [1, 2]. In order

for engineers to help solve these problems, methods that can help engineers improve a product’s

social impact and design product’s for specific social impacts are needed.

Typically, engineers are unfamiliar with how to assess and predict the social impacts of a

product or program [3]. Though emerging engineering topics, such as energy justice, are begin-

ning 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 [4]. A product’s

impact and success cannot be determined by its functional capabilities alone (many products with

promising functionality have been abandoned by consumers) [3]. In the case of improved biomass

cookstoves, while the stoves may have improved efficiency, those that do not take the consumer’s

behavior and environment into account often are not adopted by the consumer [5]. Similarly, a
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product’s success cannot be evaluated based on social impact alone. Other impact areas, such as fi-

nancial and environmental, should also be considered when developing a product [6–8]. Managing

the tradeoffs between these impact areas adds to the complexity of the engineer’s job.

One way of measuring a product’s impact is by using social impact indicators and social

impact categories. Social impact indicators and categories can be used to describe a product’s

social impact. Social impact indicators are used to know the amount of social impact a product has.

Sandhu-Rojon defines indicators as “what we observe in order to verify whether – or to what extent

– it is true that progress is being made” [9]. One or more social impact indicators can be chosen

to demonstrate the social impact that a product has on a person or group. Social impact indicators

can be grouped into social impact categories. In a collaborative work between sociologists and

engineers, eleven social impact categories for products were identified [10]. The social impact

categories for products they identified are: health and safety, paid work, stratification, civil rights,

education, family, gender, population change, conflict and crime, networks and communication,

and cultural identity and heritage [10]. We recognize that these social impact categories may seem

far removed from an engineer’s decisions. Nevertheless, this research will show how a product’s

features can be connected with one or more of these social impact categories, using social impact

indicators. Even though social impact indicators and categories can be used to measure a product’s

social impact, there currently is no method that engineers can use to identify a product’s social

impact indicators and categories.

The purpose of this research is to create new tools that engineers can use to measure and

predict the social impact of their product’s. Chapter 2 of this thesis is the published paper, “Towards

a Universal Social Impact Metric for Engineered Products that Alleviate Poverty”. This paper

introduces a metric named the Product Impact Metric (PIM). It measures a product’s social impact

in five dimensions and combines the impact into a single score. The PIM can be used to compare

the impact of different product because it is measured the same way for all products. Chapter 3 of

this thesis is the paper “A Method of Creating First Order Social Impact Models for Engineering”.

This paper introduces a method of selecting impact categories and indicators in order to create

predictive social impact models of engineered products.

2



CHAPTER 2. TOWARDS A UNIVERSAL SOCIAL IMPACT METRIC FOR ENGI-
NEERED PRODUCTS THAT ALLEVIATE POVERTY

2.1 INTRODUCTION

In 2014, nations around the world collectively provided $161 billion in development aid for

developing countries [11]. This includes the projects and programs that engineers are involved in,

and has increased progressively throughout history. It is believed that this work changes 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 [12].

Aside from the use of engineering safety factors, traditional product evaluation tools are

not designed to measure the social impact of engineered products. Initial metrics for social impact

created by industry use both qualitative and subjective quantitative data [13]. As engineers, we

tend to prefer data that is quantitative and usable within established laws and equations. Currently,

there is no standard metric that measures the social impact of engineered products in this manner.

The purpose of this paper is to introduce a metric for engineers to assess and quantify the social

impacts of their products.

The metric presented in this paper is called the Product Impact 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 of measurement are health, education, standard of living, employment

quality, and security. By measuring all of these dimensions of impact, the PIM reveals anticipated

impacts and unanticipated impacts. The PIM is meant to measure the social impact on people

who are deprived of these essential necessities. It is important to recognize that the social impact

measured by the PIM is a function of the product and the consumer [14]. Thus, a social impact

of the same product can vary for people in different life situations. For example, a device that
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gives people clean water will have a greater impact on people who do not have clean water than

for people who already do.

Products produced by social entrepreneurs would benefit from a social impact metric.

These products are often evaluated by how they affect their consumers and other people involved in

their business [15]. Although having a sustainable revenue is still an important factor, the primary

basis for decision making in a social entrepreneurial setting is driven by improving underdeveloped

social conditions. Product categories that a social entrepreneur might target are water, sanitation,

energy, transportation, health, education, and safety, among others. The types of assessment tools

for these product categories are often more subjective and less valued by people trained in engi-

neering.

The field of sustainability has brought to light the importance of measuring social impacts.

Of the three pillars of sustainability – economic, environmental, and social – social sustainability

has received the least attention from industry, possibly because it is the least developed [16]. The

results of this can be seen in housing development. Abandoned towns in China, Mongolia, and

Egypt were developed without focusing on the essential social infrastructure and conform to an

unsustainable model of requiring residents to change their social, historical, and cultural conditions

[17]. While the necessity of creating products that are socially sustainable is evident, there is no

consensus on a cohesive method of determining if a product is socially sustainable or not [16–

18]. Indicators of social sustainability can be classified as lower-order, basic human needs, or

higher-order, self-actualization, but in all cases, they still need to be selected for measurement [16].

Ultimately, the metric chosen to characterize social sustainability influences how well a designer

can determine their product’s social sustainability.

The need for a social impact metric is essential, yet not trivial because of its complexity.

Creating a metric is nontrivial because products have both anticipated and unanticipated impacts.

For example, when people gain access to clean drinking water not only do they gain access to one

of life’s greatest necessities but simultaneously see a decrease in the prevalence of disease [19].

Likewise, when people gain access to clean cooking and heating fuels they are able to spend less

time collecting firewood while also decreasing their risk respiratory illnesses [20,21]. Additionally,

the more education a woman receives, the better off her children will be [22, 23]. Contrarily,

negative impacts (such as decreasing crop yields) can result when products disregard religious and
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community rituals [24]. These unanticipated impacts may not be known and can be missed if the

correct indicators are not considered.

Another source of difficulty comes from cultural differences between the engineer and

consumers. When the engineer has 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,

someone might buy a product simply because it is a “cool, American invention” [25]. This can

skew impact results that are based on the number of users and revenue from a product. Metrics

that track impacts on a personal level are less prone to cultural bias than metrics considering just

the number of people influenced or products sold.

Engineers are typically untrained and unfamiliar with assessing the social impacts of a

product or program [3]. Although emerging engineering topics, such as energy justice, are begin-

ning to acknowledge the relationship that products have with social issues, engineers still tend to

focus on product capabilities to estimate a product’s success or failure [4]. A product’s impact and

success cannot be determined by its functional capabilities alone (many products with excellent

functionality have been abandoned by consumers) [3]. In the case of improved cookstoves, they

may have improved efficiency, but stoves that neglect the consumer’s behavior and environment

are often not adopted by the consumer [5]. 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 [6–8]. Managing the tradeoffs between these impact areas adds to the

complexity.

The United Nations Environmental Programme details the methodology they use to create

social impact metrics [26]. However, the methodology presented in the report requires the designer

to customize the metric for each product. A designer must identify the stakeholders and impact

categories before measuring a product’s impact [26]. To simplify measuring a product’s social

impact, when using the PIM to evaluate a products social impact, a product designer uses the

same metric to measure any product from the perspective of any impoverished stakeholder. This

is possible because the PIM is measured on the individual level and is built on the framework of

the UN’s Multidimensional Poverty Index (UNMPI), a single metric that applies to all developing

countries.
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In order to enhance the abilities of engineers, we suggest that new metrics for measuring

product social impacts are needed. These metrics may be specific to a single product, or abstract in

order to measure various types of products simultaneously. The measure introduced in this paper

(PIM), is meant to be a universal metric so that it can be used for all products. By taking a general

and not specific approach, the accuracy of the PIM is knowingly decreased (it is less likely to show

the full depth of a product’s impact). Nevertheless, we make this choice for two specific reasons:

so that products can be compared and because it mimics the form of the highly usable UNMPI that

has been easily understood and applied for years.

In presenting the PIM, the remainder of the paper is organized as follows, Section 2.2

explains the origin of the PIM, Section 2.3 introduces the PIM equations, Section 2.4 introduces

important considerations when using the PIM, Section 2.5 using the PIM for determining the

impact of motorcycles in a small Brazilian town, and Section 2.6 is the conclusion.

2.2 The UN’s Multidimensional Poverty Index

The PIM is inspired by the UNMPI. The UNMPI was created by the United Nations De-

velopment Programme (UNDP) and was first part of the Human Development Report in 2010 [27].

The UNMPI measures a population’s level of poverty. This is done by analyzing survey data in

three specific dimensions: health, education, and standard of living. The UNDP chose these dimen-

sions because they are widely accepted as measures of poverty, but also because these are the only

dimensions that had sufficient data for the underdeveloped countries that the UNMPI measures.

The PIM shares these three dimensions with the UNMPI and adds two more: security and

employment quality. These two additional dimensions were among those that the UNMPI creators

wanted to include in the UNMPI but inadequate data at the national level prevented them [28–30].

Other dimensions similarly omitted from the UNMPI were not included in this study because of

their reliance on highly qualitative data. They are agency and empowerment, psychological and

subjective wellbeing, and ability to go about without shame [31–33].

Some PIM calculation methods are changed from the UNMPI. A majority of the changes

made are associated with making the PIM more sensitive to incremental changes in the data. The

dimensions in the UNMPI are binary, in that they are either satisfied or not. The dimensions of the

PIM are normalized between zero and one, zero meaning they are completely deprived and one
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meaning they not impoverished. In this way, when a product causes indicator values to have an

incremental change, the PIM score will be able to measure it.

We acknowledge that there is risk in adapting the UNMPI metric, which was designed to

characterize national-level poverty and using it to characterize individual-level poverty as we have

done in this paper. There is also risk in adding dimensions to the poverty characterization as we

have also done in this paper. Nevertheless we believe the risk to be minimal for the following

reasons: (i) The dimensions of the UNMPI are collected by the UN at an individual level, and later

aggregated to characterize national-level poverty. (ii) The dimensions that we have included are

additions to the UNMPI recommended by the UN, but not implemented due to insufficient data

across all nations, which disables it for the UN’s purpose of nation-by-nation comparison.

The UNMPI was an essential building block for creating the PIM. We started with it be-

cause it is globally recognized, debated, 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

UNMPI scores does not require training or significant explanation. By learning from the UN-

MPI and other insight gained from literature and our experience, we believe the PIM captures a

necessary multidisciplinary perspective.

2.3 Proposed Metric

The equations that make up the PIM follow here accompanied with clarification of the

calculation methods. The calculations are organized by measurement dimension as well as the

consumer’s characteristics.

2.3.1 Mathematical Relationships

The equation for the Product Impact Metric,

PIM = Mi−Mi−1 (2.1)

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 determining
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the difference in a consumer’s level of poverty. It can be either positive or negative, reflecting a

product’s positive or negative impact on the consumer.

It is important to recognize that Eq. 2.1 comprises two distinct but related metrics: M and

PIM. M is a measure of an individual’s poverty level, while PIM measures the change in an

individual’s poverty level over a certain amount of time.

The multidimensional poverty level,

M =
1
5
(H +E +L+Q+Y ) (2.2)

includes the following measurement dimensions: health (H), education (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. To preserve universal comparison

from product to product across many researchers, we strongly discourage weighting these factors

differently without explicitly acknowledging it to be a weighted PIM. This measure is meant

to be universally useful to all products and by adding weights to certain dimensions, it becomes

favorable of certain products and thus less universal.

In developing M, two possible methods of combining these dimensions were explored,

using a geometric mean and an arithmetic mean. The arithmetic mean was selected because of

certain drawbacks of the geometric mean. When using 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 forcing M to be zero. If a product has some

negative impacts but the total PIM score is positive, the negative impacts will be evident when

taking the difference of before and after the product introduction for each dimension and can be

conscientiously assessed individually. By identifying the dimensions with a negative impact, the

product can be changed and improved to increase its positive impact.

In many ways M characterizes the life conditions of those in poverty, which may at times

seem disconnected from the product features controlled by the design team. However, some prod-

ucts and their features can change the life conditions of those in poverty. For example, the design

of outdoor nighttime lighting can have a direct impact on the security of an individual who would

otherwise need to access the area in darkness [34, 35]. The features of the design, such as the
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lumens produced, quality of light distribution, and battery life directly affect how well the product

improves ones security.

As introduced in this paper, the PIM characterizes the change in M, and can be attributed to

a product when M is assessed before the individual has access to the product (Mi−1), and assessed

again after the individual has had access to the product for a period of time (Mi). For the PIM to

be meaningfully attributed to a product, Mi−1 must be assessed immediately before the individual

gains access to the product. Thus, the change in poverty level will be evaluated for the full time

the individual was exposed to the product. Furthermore, to be a realistic assessment of a product’s

impacts, the PIM must be adjusted by the PIM of a control group that does not have access to the

product over the same period of time. This more realistic assessment is represented by Eq. 2.23,

and discussed more deeply in Section 2.4.3.

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

[28,36]. Each dimension is made up of sub-dimensions, marked with carrots ( ˇ[ ]), that include the

field measurements and standard measurements. Field measurements are collected directly from

the consumer, such as their weekly working hours. Standard measurements, such as the national

poverty line, can be collected from online databanks or other legitimate sources of national and

regional data. Some of the values of the standard measurements can be found in Table 2.1. Each

sub-dimension follows the form,

ˇ[ ] =


Num
Den , Num < Den

1, Num≥ Den

0, Num≤ 0, Den≤ 0

(2.3)

in order to normalize its value between zero and one. The calculation of each dimension is com-

pleted by finding the average of the sub-dimensions.

Some of the standard measurement values used in calculating the PIM, namely accept-

able sanitation facilities per family (nt f α ), water distance maximum (dwα ), acceptable years of

schooling (nlα ), average good BMI (sBMIv), and malnourished BMI (sBMIa), are taken from what

USAID and Centers of Disease Control and Prevention currently use as their standard acceptable
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values [37,38]. When these values are updated by these organizations, the standard measurements

in the PIM should also be updated. These standard measurements are the same globally. This is

consistent with USAID and CDC practice. There are a few acceptable limits, however, that are

treated on a region-by-region basis when calculating the PIM. These are the regional poverty line

(myo) and average regional working hours per week (hkα ).

2.3.2 Measurement Dimensions

As the PIM can measure all different types of products, the measurements were chosen

in a way to assist in data collection. Five guiding principles were established on how the data

for the PIM could be collected easily, affordably, and quickly. First the field measurements must

be simple enough that they can be collected in a survey in one sitting, not needing observations

throughout a day. Second, measurements should not measure impacts that are directly related to

only one product type, such as water contamination levels. Third, the consumer should be able

to answer the survey without having to reference other materials, referencing an energy bill to

determine kW · hr used in a month. Fourth, the measurements should include minimal subjective

opinion and judgment from the engineer and consumer. Lastly, all measurements must be scalable

from a person who is completely deprived to a person having an acceptable level.

Health

The equation for health is,

H =


1
2(Ň + B̌), Has children dependents

Ň, Has no children dependents
(2.4)

where Ň is the subdimension for nutrition and B̌ is the subdimension for child mortality. Their

equations are

Ň =
sBMIv−|sBMIv− sBMIr|− sBMIa

sBMIv− sBMIa
(2.5)

where the

B̌ =
nc−ncb

nc
(2.6)
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and the equation for the number of children (nc) is,

nc = ncz +ncb (2.7)

Health includes measurements for the average healthy body mass index (BMI) score (sBMIv), the

measured BMI (sBMIr), malnourished BMI score (sBMIa), number of children (nc), number of child

deaths (ncb), and the number of living children (ncz), see Tables 2.1 and 2.2 for standard field

measurements. A BMI score includes measurements of height, in meters, and mass, in kilograms.

The equation for calculating BMI is, sBMI = weight/height2. In Ň, the BMI scale is the same for

all adults but changes throughout a child’s life. Children 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 Centers for Disease Control and Prevention [38]. The

healthy BMI score, (sBMIv), is the 50th percentile and the malnourished BMI score, (sBMIa), is the

5th percentile.

Table 2.1: 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
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Table 2.2: 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)

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)

Education

The the equation for education is,

E =


1
2(Šc + Šq), Has children

Šq, Has no children
(2.8)
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where Šc is the sub-dimension for child schooling and Šq is the sub-dimension for the individual’s

level of schooling. Their equations are

Šc =
ncl

nclg
(2.9)

Šq =
nql

nlα
(2.10)

Education 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 the acceptable years of schooling

(nlα ). Tables 2.1 and 2.2 specify which are standard or field measurements.

Standard of Living

The equation for standard of living is,

L =
1
5
(F̌ + Ť +W̌ + Ě + Ǐ) (2.11)

where F̌ is the sub-dimensions for household cooking and heating fuels used, Ť is the sub-

dimension for sanitation access, W̌ is the sub-dimension for clean water access, Ě is the sub-

dimension for electricity usage, and Ǐ is the sub-dimension for income. Their equations are

F̌ =
nyα

nyα +nyβ

(2.12)

Ť =
nt f

nt f α

(2.13)

W̌ =
dwα −dw

dwα

(2.14)

Ě =
he

heα

(2.15)

Ǐ =
log my

log myo
(2.16)

Standard of living measurements 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 ), acceptable

number of sanitation facilities per family (nt f α), maximum acceptable distance to an improved
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water source (dwα ), the distance to an improved water source in meters (dw), the number of hours

of electricity per week (he), maximum hours of electricity per week (heα ), monthly income per

capita of the family (my), and the national poverty line (myo). See Table 2.1 for details about the

standard measurements and Table 2.2 for the field measurements.

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 propane. Burning dirty

fuels in improved cookstoves that lower household emissions within a similar range to clean fuels,

are counted clean fuel. Electricity is also considered a clean fuel because there are no household

emissions.

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 [37]. USAID guidelines state that facilities that are

in the open and bucket latrines do not count as sanitation facilities. If bucket or container latrines

are maintained by a sanitation service, it is considered a suitable sanitation facility for the PIM.

Approved water sources, in W̌ , also follow guidelines set by USAID [37]. 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 produce power

sufficient for more than just lighting.

The monthly income, my in Ǐ, is the per capita income of the family. The incomes 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. The log

function is used in the income sub-dimension equation so that as an individual who has less money

is more impacted by an increase in income than someone who already has a higher income. The

same log function is used in the UN Human Development Index to scale the impact of increasing

income.
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Employment Quality

As employment quality is not included in the UNMPI, a new equation for employment

quality was created, and is,

Q =
1
2
(Ř+ J̌) (2.17)

where Ř is the sub-dimension for hours of employment and J̌ is the sub-dimension for work related

injuries. Their equations are

Ř =


hk

hkα
, Independent or Dependent, Able

hkα−hk
hkα

, Dependent, Not able, Working

hkι

hkα
, Dependent, Not able, Not Working

(2.18)

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

(2.19)

Employment quality includes measurements for the weekly income-generating hours (hk), regional

acceptable income-generating hours per week (hkα ), weekly hours of lost employment due to work

injury (hk j). Measurements with a subscript iota (ι), indicate that the measurement is taken from

the independent provider and not the consumer being surveyed. See Tables 2.1 and 2.2 for the stan-

dard a field measurements Weekly working hours, should represent a normal work week schedule

and not account for holidays or injury time off. The independent provider’s numbers are used to

reflect the situation of the consumer when they are completely dependent on their provider. In

equations 2.18 and 2.19, someone who is able, is physically and mentally able to work. This does

not include children or the elderly. Also, dependents are people who rely on another person to

provide for them financially.
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Security

Similar to employment quality, the equation for security was created as part of this paper.

The equation for security, is,

Y =
1
2
(P̌+ Ǒ) (2.20)

where P̌ is the sub-dimension for protection and Ǒ is the sub-dimension for exposure. Their equa-

tions are

P̌ =
np

npα

(2.21)

Ǒ =
nxα −nx

nxα

(2.22)

Security includes measurements for the number of protection parameters (np), maximum number

of protection parameters (npα ), the number of exposure parameters (nx), and the maximum number

of exposure parameters (noα ). Literature on crime was examined and five factors of both protection

against and exposure to crime were extracted [39–43]. The protection parameters are the presence

of a local police force, ability to lock the entire house, organized after school activities for children

in the neighborhood, no criminal past, and that the consumer lives with trusted people. The ex-

posure parameters 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 locked or if a secure wall or fence circles the home and can be locked.

Organized after 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 activities, 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

purpose of leaving the home must be a necessity and not for pleasure or leisure. Such necessities

include, but are not limited to, traveling to and from work, getting to a sanitation facility, and

fetching water, firewood, or other resources. Also, the trips out of the house must occur on a
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weekly basis in order to qualify. Finally, resource poor neighborhoods are those where a majority

portion of the community do not have sufficient food, water, energy, or other resources. This does

not have to include the consumer who might have sufficient resources 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.

2.4 Using the PIM

It is worth pausing to consider how the PIM could be used by designers. The purpose of

the PIM is to assist in designing for social impact, as it can guide the designer to consider the basic

dimensions of poverty (health, education, standard of living, employment quality, and security),

and the conditions that affect them.

Designers can use the PIM in various ways; they can use the PIM to predict how specific

design concepts and features would contribute to an individual’s level of poverty, thus allowing

designers to quantitatively determine how impactful a product is. Designers can also use the PIM

to assess and benchmark the impact of existing products, which can valuably inform the creation

of new products.

The PIM helps designers predict and assess positive and negative impacts of a product,

which is particularly meaningful as designers seek to mitigate newly identified negative impacts

before launching a product onto the market. The PIM is particularly useful in identifying antic-

ipated and unanticipated impacts so that during the design process impacts can be accounted for

across multiple dimensions. The multidimensionality of the PIM supports the notion that poverty

is related to more than just income [44, 45].

2.4.1 Measuring Impact on an Individual Level

Under some conditions, the PIM score for a given product is different depending on the

individual being impacted. While for other conditions, a single PIM calculation can characterize

a product’s impact for multiple similar individuals. This is simply because a product’s impact

is a measure of how well a product’s functionality (or other features) satisfies the needs of an
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individual. Given that individuals have different needs, the product’s impact varies person-to-

person when those people experience different levels of poverty.

In a real way, the PIM provides the designer with insights similar to those gained by stress

analysis in mechanical design. The resulting stress is a function of both the applied load and the

conditions of the structure (e.g., restraints and geometry). Stress analysis in mechanical design is

specific to the structure and loads being considered. In other words, the same load applied to two

disparate structures results in two different stresses. Similarly, as indicated by the PIM, a poverty-

alleviating product given to an individual – at one level of poverty – will have a different impact

on that individual than on someone else at a different level of poverty.

Likewise, the same load applied to multiple similar structures will result in similar me-

chanical stresses across all such structures. Thus, the PIM can be used to predict or assess how

impactful a product would be at helping people with similar needs and those in similar demograph-

ics. To make the best use of the PIM, the designer must exercise judgment about how broadly to

represent the demographic in the analysis.

2.4.2 Measuring Anticipated and Unanticipated Impacts

While the PIM can be applied to all types of products, some engineers may be discouraged

using it because their product’s anticipated impacts may not be directly measured by the PIM.

While this is a valid concern, the PIM will capture secondary, often unanticipated, impacts. The

PIM does not differentiate between these; it measures any impact within its scope.

To illustrate this, an example case has been created using a persona that receives access to

water from the Village Drill, a human-powered borehole drill [46]. The use of personas is further

explained in Section 2.4.4. The persona, Adia, is a farmer in Kenya who otherwise has relied

on rainwater and fetching water to irrigate her crops, see Fig. ??. The anticipated impact of the

Village Drill is a decreased distance to water. The unanticipated impacts of the Village Drill are an

increase in the number of her children attending school, an increase in her income, a decrease in

her injury hours, and improvements to her security. In her case, the anticipated impact, the distance

to water, has a PIM score of only 0.04. The unanticipated impacts account for the rest of the total

PIM score, which is 0.1530 before and 0.1502 after subtracting the counterfactual. If the only
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measurements taken on the Village Drill pertained to the water that was given, most of the impact

that makes up the PIM score would not be measured.

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

km away and hand water their crops. Their drinking 

water comes from the stream as well. She and her 

family make trips to the stream to fetch water in jugs 

and buckets. The water from the stream is dirty, and 

they don’t have access to other water sources. 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 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 (No criminal past, lives 

with trusted people) 
3 (No criminal past, lives with 

trusted people, house locks) 
Exposure 2 (Business owner, leave 

home at night) 
1 (Business owner) 

Multidimensional Poverty 
Level (M) 

0.5336 0.6866 

Product Impact Measure (PIMφ)  0.1530 

PIM for counterfactual (PIMτ)  0.0028 
PIM actual (PIMδ)  0.1502 

 

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 

 

Figure 2.1: Adia buys a bore hole from a team of drillers using the Village Drill and its impact on
her is shown here.

2.4.3 Including a Counterfactual

In order to attribute an impact to a single product, the impacts of other products, projects,

and social influences acting on the consumer can not be ignored. The sum of these external in-

fluences, which also contribute to the social progression of consumers, is called the counterfac-

tual [47]. A common approach for determining the counterfactual is 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
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to the product, which may or may not be true. Especially in developing countries, there are other

factors and groups that are trying to improve peoples lives, such as government programs. Thus,

alongside the measurements that are taken for the group of impacted consumers (PIMφ ), measure-

ments 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 (2.23)

to determine the true impact (PIMδ ) [48]. The PIM score should not be reported unless it is the

score for PIMδ . This is the score that can be attributed to the product. Measuring both a control

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.

2.4.4 Using Personas

Field survey data collection is very expensive and out of the scope of many engineering

projects. When the engineer is far from the 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 [49]. They are a representation of a possible consumer

and used to focus product design efforts. In the PIM, they are used to predict possible impacts

on the consumer and create a counterfactual. Databanks such as World Bank, have data similar to

the PIM measurements, though they are on a national level. Measurement 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 personas can be produced for the counterfactual. Using databank data col-

lected over a similar time period as the data collected for the PIM, PIMτ can be created so that a

more accurate impact can be found.

Personas should be analogous to the projected consumer group. Only when personas

closely match the consumers will their PIM score be accurate. Also, more research than retrieving

indicators is necessary. The type of work, family structure, environment, and other social factors

should be known while creating an acceptable persona. This research also prepares the engineer
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to know how the product will affect the consumer. An example of a persona and product assess-

ment is in Section 2.4.2. Additionally, it is beneficial to observe the impact on men, women, and

children. Deprivation among women and children is known to be higher than men, especially in

low income countries [23, 50]. Also, women and children are more impacted by products meant

to reduce poverty [51]. 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.

2.4.5 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. 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 included with the PIM score. If a product has a PIMδ 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 sustained impact and are vital to learning more about product social

impacts. Using this time element makes the PIM more transparent and scores that have more time

should be recognized as being from a more substantial data set.

2.5 Validation Study

The following study was done by the authors to demonstrate how the PIM can be used,

what can be learned from using the PIM, and how personas can be used in PIM calculations.

Sociologists use ex ante (predictive) metrics and ex post (assessment) metrics. The PIM is

an ex post metric that can also be used as an ex ante metric. It is common practice to compare ex

ante values to ex post measurements, which is what will be done in this study [47].

The study presented in this paper was conducted in Amazonas, Brazil. The product used in

the study is the motorcycle because of it’s prevalence in the area and its studied impact.
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2.5.1 Subject and Location Background

The study was conducted in Itacoatiara, Amazonas, Brazil. Itacoatiara has an estimited

99,854 citizens and is on the Amazon River, 169 miles from the state capital, Manaus [52]. It is

surrounded by the dense and impassible Amazon rainforest. The only way in and out of the city for

motorcycles is the AM-010 highway which ends in Itacoatiara. However, very few people choose

to ride their motorcycles on the highway between Itacoatiara and Manaus. This condition causes

Itacoatiara to be a closed system of motorcycles.

In Itacoatiara, unlike the rest of Amazonas and Brazil, a large percentage of the transporta-

tion in and around the city is done by motorcycle. In 2016 the city of Itacoatiara had 2,947 cars,

10,041 motorcycles, and 7,108 mopeds registered [52]. Of the 355 people that we interviewed

59% of them own a motorcycle, 16% own a car, 30% own a bicycle, and 22% own none of these

products. Some of the common jobs involving motorcycles are: motorcycle taxi driver, delivery

by motorcycle, motorcycle washing, motorcycle mechanic, and motorcycle tire sales. Motorcycle

taxi driver is an especially popular occupation in Itacoatiara. In Itacoatiara it is estimated that there

are up to 3,000 motorcycle taxi drivers. People use motorcycle taxis for many reasons, going to

the gym, going to work, visiting family members, going to the town center for business, and taking

children to school. While 209 of the 355 people we surveyed own motorcycles, 219 people said

that motorcycles were their main form of travel. Some people who don’t own a motorcycle use the

motorcycle taxi drivers as their main form of transportation in town.

Some of the impacts of motorcycles on people are known. Motorcycles have had a measur-

able impact on people’s access to employment, education, and fertility [53]. Motorcycle usage also

has negative effects on people’s health due to pollution and accidental harm. Older motorcycles in

Brazil emit more pollutants than cars per passenger-km [54]. Additionally, from the year 2000 to

2006 for every 1000 motorcycles sold in Brazil there were 1.24 recorded fatalities and 3 recorded

hospitalizations from motorcycle accidents [54].

2.5.2 Data

For the study, we conducted 355 surveys of people who live in Itacoatiara. The survey had

all of the necessary responses needed to collect a multidimensional poverty level (M). It also asked
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Figure 2.2: Itacoatiara and its immediate surroundings.

them if they owned a car, motorcycle, bicycle, boat, and some common household products such

as a television and microwave. It asked them which mode of transportation did they use most and

how often they used the bus, taxi, and motorcycle taxi. Of the people that completed the survey, 51

were asked additional, open response questions about how they use their mode of transportation,

how long they have owned them, their work, and their aspirations.

Additional data in this example comes from The World Bank’s databank. Data from this

databank was used to create the the Mi−1 point on both Figure 3.7 and Figure 2.3. The counter-

factual for this study is a representation of the unemployed people that we surveyed. The average

unemployed person we surveyed can be represented by the 5.5th percentile of the Brazilian popu-

lation.

At the end of our study, we asked people on social media who live in and around Itacoatiara

about how motorcycles have impacted their lives. We received responses from 16 people who told

us what mode of transportation they use and how it impacts their life.
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2.5.3 Analysis

Throughout the study, it became obvious that one group of people who were significantly

impacted by their motorcycles are the motorcycle taxi drivers. They cannot work without them and

only have a job because they own one. Also, many of them have been in accidents and lost work

hours.

The people we use to calculate the PIM are people who would be most benefited by owning

a motorcycle, people who are currently unemployed and do not own a motorcycle. If these people

obtain a motorcycle it is possible that they would become motorcycle taxi drivers. During our

study, we met many people who bought their motorcycle in order to become a motorcycle taxi

driver or often fall back on being a motorcycle taxi driver when there isn’t other work. Of the 355

people we surveyed, 28 were unemployed and did not own a motorcycle. The survey responses

of these people were used to create an Mi score, see Figure 2.3, point Mi UE. The Mi−1 value for

this example comes from data from The World Bank. The percentile of the current unemployed

person was projected back to the year 2014. The other Mi value, point Mi MTD, comes from the

motorcycle taxi driver data, specifically, the drivers that have owned their motorcycle for three

years.

In this example we have made three different predictions about what impact motorcycles

have on unemployed people in Itacoatiara. The predictions were done using different information

and resulted in different values, see Figure 3.7. The first prediction (P1) was using data from

literature on the social impacts of motorcycles in Brazil and in other countries with similar reliance

on motorcycle travel [53–55]. The literature does not say how much certain measurements, such

as income, change because of motorcycles, instead it listed how social behavior, opportunities, and

interactions changed. This prediction had a 89.9% error from the assessed impact.

The second prediction (P2) was made after conducting interviews with motorcycle taxi

drivers and determining from their experience and comments what the impacts might be. The

additional information provided were the change in measurements of determined impacts as well

as new impacts, such as security impact of them working late at night. This prediction had a 25.7%

error from the assessed impact.

The last prediction (P3) was made after assessing the measured impact found for a specific

group of motorcycle taxi drivers, those who have owned their motorcycle for three years. All of
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Figure 2.3: Assessment of the PIM score of motorcycles on motorcycle taxi drivers.

the differences in measurements were included in the prediction, which made it much closer to the

assessment. The last prediction’s PIMτ is the closest to the PIM assessment and only had 2.3%

error from the assessed impact. Clearly, as we gained more information about the product’s impact,

the error in our predictions decreased.

Counterfactuals were created as described in Section 2.4.3 using data from the World

Bank. Personas were created for 5.5th percentile and were tracked for the three most recent years,

2013 and 2016. Wherever there was insufficient data for a year, the data was extrapoled from the

two previous years. We made the assumption that the change in these numbers would be the same

as the change that would occur between the years 2014 and 2017.

Without context, the M can be difficult to understand. During our study we surveyed some-

one who was jobless, homeless, and begging for money outside of a grocery store. He didn’t have

access to water, electricity, sanitation, security, or help from his family. His M score taken from

the survey answers that we received is 0.4506. His score was not zero because he did make money

begging on the street, he had received his basic education, and was in moderately good health.

In order for a person to have a score of zero, they have to be completely deprived in all of the

dimensions. In the course of our study, we didn’t survey anyone who met this criteria.
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Figure 2.4: PIM score predictions of motorcycles on unemployed people who do not own a motor-
cycle.

2.5.4 Results of this Study

In this study, we were able to use the PIM to assess and predict the impact of a common

product. Motorcycles in Itacoatiara have a 0.1365 PIM impact on people who are unemployed.

Using the data that we collected from motorcycle taxi drivers, we were able to make a prediction

that was only in error by 2.3%. Our prediction shows that the motorcycles have a positive impact,

but it does have negative impacts. Motorcycles positively impact income and working hours which

could have a PIM score as high as 0.22, but the motorcycle’s negative impacts, the number of

injury hours, security exposure of the rider, and an unhealthy increase in BMI, limit its PIM score

to 0.1365. This knowledge could be used to design motorcycles that have a greater impact on their

users.

We were able to use the PIM in a real situation and learn more about how such a survey

and data collection process can be done. It took less than 5 minutes to obtain all of the information

needed from one person to make a single M value. When done in a survey form, many people

were able to give their information at once by filling out their own survey, this reduced the time per

survey dramatically. We were not able to collect data over a long enough period of time to create
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two M values and calculated the PIM directly from the people we surveyed, but were able to use

the additional survey data we collected to create the second M value. Personas were also used to

create a counterfactual that was used to account for how the population is changing year after year.

The values from this counterfactual were used to calculate the true impact, PIMδ .

Eventually, a study must be done that looks at the long term impact of a product using

the PIM. Such a study would follow the same people over a long period of time so that less

assumptions would be made. Such a study could be done on a new product or existing technology.

This would remove the largest assumptions that is made in this example. This might also give more

information on how a product’s impact changes over time.

2.6 Conclusion

Engineers are generally trained to focus on the product’s measurable metrics that give pre-

cise 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. Engineers tend to

not have the education or training on how to create social impacts [3]. 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 products, without modifying

the metric.

Determining the anticipated and unanticipated impacts of engineered products on people in

poverty is the purpose of the Product Impact Metric. Without measuring for potential unanticipated

impacts, the extent of a product’s influence on consumers is not entirely captured. Even when

products have different 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 about 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 underdeveloped social conditions.
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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 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 makes someone more

depriverd or that the market chosen is not ideal. Although the example given in the paper is of

a product in a developing country, the PIM can be used for any product that is meant to improve

poverty conditions – in any part of the world.

Second, because the PIM measures impact on an individual level, measuring the PIM from

more than one consumer can result in different values. Social impact is a function of the consumer’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 just one stakeholder can lead to additional

findings. A product can have an impact on anyone who interacts with the product.

Third, because the PIM is a universal and general metric, it might miss very specific im-

pacts. While it may not collect all potential anticipated impacts, it does measure impacts that are

indicative of a consumer’s poverty level. The PIM was created to make it easy to use. The mea-

surements needed can be collected in a single survey, are broad enough to capture impacts of many

types of products, do not require the consumer to provide any information that they might have to

find or otherwise do not know immediately when asked, are not dependent on the opinions of the

consumer or engineer, and are scalable from a person who is completely deprived to a person who

is not impoverished. Future work must be done to create additional, more specific metrics that can

give specific impact results while still accounting for unanticipated impacts. Such metrics could

also become design tools used by engineers, alongside the PIM.

Another limitation of the current study is the static nature of the PIM. We simply do not

consider how the PIM changes overtime in this paper, though we feel that studying the dynamics

of the PIM could lead to important insights.

In this paper we have not considered the effects of uncertain information. We acknowledge

that uncertainties can exist in calculating M values for time periods with sparse data, and in the

selection of and application of counterfactuals, which are assumed to accurately represent the

impacted individual.
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Desipite its flaws, the PIM is a needed step in a larger thrust to help engineers become

better at designing products for social impact.
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CHAPTER 3. A METHOD OF CREATING FIRST ORDER SOCIAL IMPACT MOD-
ELS FOR ENGINEERING

3.1 Introduction

As engineers, the products we design impact society. Sometimes this impact is obvious;

the design of a bridge that links two communities, the design of a medical device that extends

life or the design of sensors used in warning systems. And sometimes the impact is not obvious;

the design of entertainment systems that change family dynamics, the design of machinery that

favors a male workforce, the design of hospital ventilation that spreads infection. These represent

the social impacts of products, where social impact is defined as how a product changes “on the

day-to-day quality of life of persons” [56]. The most obvious social impacts that products have

— generally health and employment — are often recognized in the engineering community. In

some cases, for these obvious social impacts, engineers are able to create product requirements

and performance measures that relate a product’s performance to its social impact. Other social

impacts, such as family and gender impacts, tend to be attributed less to a product as they may seem

unrelated to a product’s design. Nevertheless, products can indeed change people’s lives in more

ways than are generally understood by the engineering community [10]. As a result, engineers are

likely designing products without knowing the social impact of design decisions.

Social impact indicators and categories can be used to describe a product’s social impact.

Social impact indicators are used to know the amount of social impact a product has. Sandhu-

Rojon defines indicators as “what we observe in order to verify whether – or to what extent – it

is true that progress is being made” [9]. One or more social impact indicators can be chosen to

demonstrate the social impact that a product has on a person or group. Social impact indicators

can be grouped into social impact categories. In a collaborative work between sociologists and

engineers, eleven social impact categories for products were identified [10]. The social impact

categories for products they identified are: health and safety, paid work, stratification, civil rights,
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education, family, gender, population change, conflict and crime, networks and communication,

and cultural identity and heritage [10]. We recognize that these social impact categories may seem

far removed from an engineer’s decisions. Nevertheless, it will be demonstrated in this paper how

a product’s features can be connected with one or more of these social impact categories, thus

allowing the engineer to predict and improve the social impacts of the products they’re designing.

Currently, there is a lack of methods that can help an engineer identify, understand, and

improve a product’s social impacts. A coalition of companies chose 71 social impact indicators to

measure the social sustainability and impact of their products [13, 57]. While the companies are

able to identify some social impacts using these indicators, many of the indicators are dependent

on company policies instead of the products’ design. For example, this makes improving and

understanding a product’s impact more difficult. Under this scenario, design decisions made by

the engineer would not change many of the product’s social impact indicators. Also, the method of

evaluating the indicators is a ranking by self-assessment, which can bias the results. The indicators

as identified by the coalition are fundamentally different that what is proposed in this paper; namely

that the coalition’s impact indicators are self assessments of social impacts, not the measurement

of the impact itself.

In a previous work by the authors, a metric was introduced to simplify measuring the social

impact of products that are designed to alleviate poverty [58]. This metric measures a product’s

impact in five categories without attempting to measure all of the impacts that a product might

have. While this simplifies the process of measuring a product’s impact, some impacts are missed.

While the principles of social impact are most often applied to assessment (defined as the

evaluation of impact a posteriori), predictive models of social impact (primarily for use a priori)

can also be used. Currently, social scientists use simple first order models to help predict the social

impact of new programs or policies [59, 60]. As engineers, we are often tasked with creating

models of complex systems. In the models we create, it is common to add emphasis in areas of our

expertise, at times unknowingly disregarding other aspects of the system we don’t fully understand

[61]. Engineers need a method for identifying a product’s social impact. Once engineers can

identify and understand social impacts, they will be able to create more comprehensive models

of a product’s social impacts. These models will allow social impact to be explicitly considered

during the product development process.

31



Much can be learned by how social scientists measure the impact of different social pro-

grams and government policies. The Handbook on Impact Evaluation by the World Bank details

how these difficult impact studies can be done [59]. Though the handbook was created specifi-

cally for measuring the social impact of government policies, many principles of measuring and

predicting social impact can be applied to products as well. The handbook describes how to use

a control group, introduces a simple predictive model, and gives other important information on

how to measure and predict the social impacts of programs. The equation introduced by the World

Bank to predict the impact of programs is used in the current paper as an example of how first

order product social impact models can be created.

The purpose of this paper is to introduce a method of modeling the social impact of any

product. In Section 3.2 of this paper, we present the method and in Section 3.3 we use the method

to predict the social impact of the border wall between the U.S. and Mexico. The final section

provides closing remarks with a description of limitations and future work.

3.2 Method for Modeling the Social Impact of Products

The methodology introduced in this paper is comprised of four steps:

1. Identify a product’s users, requirements, and objectives

2. Determine which social impact categories are influenced by the product

3. Select social impact indicators to represent each impact category

4. Create predictive models for the indicators

After completing the steps, the engineer will have the ability to measure and predict a product’s

social impacts. This process can be completed during the product development process to predict

social impact, or after development to evaluate it.

3.2.1 Step 1: Gather Product Development Information

As a first step, the engineer collects product and user information. Specifically, the product

developer needs to identify a product’s requirements, users, and objectives. This information is
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Table 3.1: Social impact categories and some examples of what each category includes.

Impact Category Example Areas of Impact
Health and Safety Impact Living conditions, mortality

Paid Work Impact
Employment rates,
industrial diversification

Stratification Impact Inequality, social status
Civil Rights Impact Minority and Human rights
Education Impact Education, skills

Family Impact
Change in family roles
and structure

Gender Impact Gender roles and equality

Population Change
Transiency of the
population, age structure

Conflict and Crime Impact
Crime, civil and
domestic conflict

Social Networks and
Communication Impact

Personal relationships,
social capital

Cultural Identity
/Heritage Impact Values, personality traits

often used by product developers in product development processes. This information tells why

the product is useful, who uses it, and what goals the engineer has in creating it.

The information collected in this step helps identify a product’s social impacts. A prod-

uct’s requirements clarify what the market and engineer believe the product needs to accomplish

to be successful. These requirements can include references to certain impact categories, either

explicitly or implicitly.

The product users are another source of information that can help identify impacts. The

social impact of a product is a function of the product and the user [58]. Therefore, if the user is

not understood, then the social impact of the product cannot be predicted. This also means that

products impact users differently depending on their needs. If the user’s needs are known, the

impact categories related to these needs can be identified as potential impact categories.

During the design process, engineers often create an objective statement that guides design

decisions that are made for the product. This objective can answer these questions: what is the

product, what problem does it solve, and what is the target market [25]? These statements can lead

to social impact categories that are important to the people who designed the product.
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Table 3.2: Spearman correlation between different product social impact categories.

Health & Safety 0.25 -0.33 -0.50 -0.48 0.56 -0.33 -0.55 0.53 -0.44
Family 0.49 0.52 0.17 0.28 0.27

Conflict &
Crime 0.31 0.37 0.48 0.30

Paid Work 0.27 -0.25 0.50 -0.28 0.67
Education -0.44 -0.21 0.22 0.57 0.36

Population
Change 0.31 -0.39 0.32

Cohen’s Standard to Evaluate Association Strength Gender 0.30 -0.22
|0.10-0.29| Small association
|0.30-0.49|Moderate association
|0.50-1.00| Large association

Cultural
Identity
& Heritage

0.23 0.25

Networks &
Communication 0.53

Civil Rights
Stratification

3.2.2 Step 2: Determine Social Impact Categories

Once the product development information is collected, the product impact categories are

identified. The categories used in this paper are the eleven categories of product impact that have

been identified by Rainock et al. [10]. Table 3.1 shows all of the impact categories as well as some

examples for each category, which may assist in identifying anticipated impacts.

As a first part of this step, impact categories are selected that best match the product’s

capabilities. Some impact categories may have a more recognizable relationship with the prod-

uct’s requirements, users, or objectives while other impact categories may be difficult to identify

initially. For example, the requirement “the product increases the user’s income” most often has

a relationship to the impact category Paid Work. However, this requirement may also be related

to Population Change, as the product may sustain a job market and provide new employment for

many people and increase the local population size. Additionally, user information and product

objectives can point towards additional social impact categories.

In the case of users, the user’s needs can change a product’s social impact. An example of

this is the impact of fuel-efficient biomass stoves. Often the most substantial impact of biomass

stoves in on the Health and Safety of the user because fuel-efficient biomass stoves reduce harmful

indoor emissions. If stoves are designed for user’s with additional needs, the impact of the stove

may increase. For example, some fuel-efficient biomass cookstoves are designed for displaced,

refugee women [62]. These women are often victims of physical and sexual assault while they

are collecting firewood. The additional need for increased security enables these stoves to also

impact Gender and Conflict and Crime because the user’s likelihood of being assaulted decreases.

Identifying the less intuitive relationships that a product has with the impact categories in Table
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3.1 can be difficult. For this reason, two different methods of determining these impact areas are

introduced in the following paragraphs.

In a study done by Ottoson et al., 150 products were assessed for their social impact, using

the same impact categories in Table 3.1 [63]. It was found that for the 150 products reviewed,

some social impact categories were likely to appear together. Table 3.2 shows correlation between

social impact categories. For instance, if it is known that a product will impact Health & Safety,

there is a higher potential that it will also impact Paid Work, Stratification, Human Rights, and

Family. And that there is a lower potential the product will impact Networks & Communication or

Cultural Identity/Heritage. If a social impact category has been identified, Table 3.2 can be used to

determine what other categories are likely to be related to the product.

Another method of identifying impact categories uses a set of questions about the product.

A series of questions have been created so that an product developer can identify additional impact

categories, see Table 3.3. Some of the questions in Table 3.3 are from a booklet that helps product

designers consider social issues [64]. These questions help a design team discuss and identify

which categories their product may impact and which they should include.

After using Tables 3.2 and 3.3 several impact categories should be identified. During the

product development process and as more information is gained the impact categories should be

assessed for their relevancy and to ensure that all of the impact categories related to the product

are included. Impact indicators may be added or removed based on additional information that is

gained throughout the development process.

3.2.3 Step 3: Selecting Social Impact Indicators

Once impact categories are identified, indicators need to be chosen. Indicators are what is

measured or predicted in each impact category to understand a product’s impact. Sandhu from the

United Nations Development Programme stated that “the challenge in selecting indicators is to find

measures that can meaningfully capture key changes, combining what is substantively relevant as

a reflection of the desired result with what is practically realistic in terms of actually collecting and

managing data” [9]. This section can help guide an engineer in selecting indicators that will inform

an engineer about a product’s impact while following the characteristics introduced by Sandhu.
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Table 3.3: Questions that help lead to identifying impact categories

Questions Potential Impact Categories
1 Does it encourage a sense of community? Networks, Cultural Identity

2
How could your design demonstrate
the values of the user? Cultural Identity

3
Does it encourage participation and
belonging?

Civil Rights, Networks,
Cultural Identity

4 Does it improve health and well-being?
Health and Safety,
Stratification

5
Does it encourage empowerment and
promote human competence? Stratification, Education

6
Does it enrich users’ lives or increase
quality of life?

Health and Safety,
Stratification

7
Does it enhance social interaction,
communication, and engagement? Civil Rights, Networks

8 Does it maintain local/cultural traditions? Cultural Identity
9 Does it help make money? Paid Work

10 Does it help save time? Paid Work
11 Does it enhance education? Education
12 Does it challenge stereotypes? Family, Gender, Cultural

13
Does it improve personal
or communal security?

Health and Safety,
Conflict and Crime

14 Does it encourage activism?
Civil Rights,
Education, Gender

15
Does it make the community
more attractive to outsiders? Population Change

16
Does it influence inequality in the
community? Stratification, Civil Rights

17 Does it change the user’s hireability? Paid Work, Education
18 Does it change the user’s vulnerability? Gender, Conflict and Crime

19
Does it change the user’s role in society
or their family? Civil Rights, Family, Gender

20
Does it bring together or separate
families? Family

21 Does it encourage relocation? Family, Population Change

There are databanks of hundreds of social impact indicators. The World Bank has compiled

a data bank of hundreds of indicators for tracking the progress of countries. Some of the indicator

categories the World Bank uses are similar to the social impact categories used in this paper, see

Figure 3.1. Table 3.4 shows all of the World Bank’s indicator groups, the number of indicators

included in each category, and example indicators. Most of the World Bank’s indicators are mea-

sured at the national level and few, if any, products will have a measurable impact on an entire

population. Nevertheless, many of the indicators can be adapted for being used on smaller groups

and individuals. Other sources for impact indicators are the Oxford Poverty and Human Develop-

ment Initiative’s Working Papers [29–33, 65]. Each of these articles highlights a social issue that
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is under-represented in existing data and gives suggestions of impact indicators that could be used

to measure the issue at a national level. In the appendix of each article they provide example sur-

veys and indicators that can be used to measure a product’s impact. Both of these resources, along

with which impact category they are related to, are listed in Table 3.5. Together the World Bank

and the Oxford Poverty and Human Development Initiative’s Working Papers include hundreds of

indicators, but do not give guidance on choosing them. Table 3.5 can help reduce the number of

potential indicators to a manageable number.

Once the indicators have been selected, the indicators need to be assessed. First, the indi-

cators should be assessed by impact category to assure that the category is represented sufficiently.

The candidate set of indicators should be thoroughly explored. When necessary, impact categories

can be added in this stage of the process if a selected indicator is related to a hitherto unidentified

impact category.

After each impact category has sufficiently been represented by indicators, the indicators

need to be evaluated on how they can be integrated into the product development process. Products

are often designed to meet certain product requirements. The extent to which the product meets

these requirements can evaluated by performance measures [46]. When the method introduced in

this paper is done in parallel with a product development process, indicators and impact categories

can be transformed into performance measures. As the initial requirements were used to help find

the impact categories, some of the impact categories and indicators may already be requirements

and performance measures.

3.2.4 Step 4: Creating Social Impact Models

Product social impact models, as discussed in this paper, are analytical equations that are

used to predict the performance of the social impact indicators selected in Section 3.2.3.

The social impact models used for a product are unique to that product and can not be

applied to other, dissimilar products. This principle is also true for mechanical stress equations.

The equation used to model mechanical stress in a beam changes for different types of forces,

boundary conditions, and beam shapes. Similarly, social impact models for products will not be

the same from one product or user to another. A product’s social impact is a function of the product
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Table 3.4: The World Bank’s indicator groups and how many indicators are in each category (some
indicators are in more than one category).

Number of
Indicator Category Indicators Example Indicators
Agriculture & Rural
Development 47 Employment in Agriculture

Aid Effectiveness 73 Income Share Held By Lowest 20%
Climate Change 80 Nitrous Oxide Emissions
Economy & Growth 261 Household Final Consumption Expenditure
Education 159 Educational Attainment of the Population
Energy & Mining 50 Access to Electricity
Environment 112 Plant Species Threatened
External Debt 229 Average Interest on New Debt Commitments
Financial Sector 85 Accounts at a Financial Institution
Gender 161 Children Out of School (Male, Female)
Health 207 Prevalence of HIV
Infrastructure 51 Railway Passengers
Poverty 25 GINI Index, Poverty Gap
Private Sector 173 Time Required to Start a Business
Public Sector 97 Internally Displaced People
Science & Technology 13 Researchers in R&D, Patent Applications
Social Development 31 Children in Employment, Refugee Population
Social Protection &
Labor 151 Employment in Agriculture

Trade 152 Goods or Services Imports and Exports
Urban Development 22 Mortality Caused by Road Traffic Injury

Table 3.5: Resources for selecting indicators.

Source Resource Impact Categories
The World
Bank Health Health & Safety

Private Sector Paid Work
Social Protection and Labor Paid Work
Poverty Stratification
Urban Development Stratification
Agriculture and Rural
Development Stratification

Education Education
Gender Gender

OPHI Working
Papers Physical Safety and Security

Health & Safety,
Crime & Conflict

Psychological and Subjective
Well-being Health & Safety

Employment Paid Work
Agency and Empowerment Paid Work, Gender
The Ability to Go About
Without Shame Stratification

Social Isolation
Civil Rights, Family,
Networks & Communication
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and the user, where the social impact of a product, I, is,

I = f (U,P) (3.1)

where f is the function that calculates a product’s social impact, U represents user parameters, and

P represents product parameters [58]. The social impact of a car demonstrates this relationship

as the social impact of a car, is dependent on the ability of the driver, the needs of the driver, the

infrastructure around the driver, and the car design.

The basic form of the equation that is currently used by social scientists to evaluate the

social impact of programs using impact indicators is,

Y = α ∗X +T ∗β + ε (3.2)

where Y is the final indicator value, α is the initial indicator value, X is other relevant parameters

of the individual for whom the social impact is being measured, T is a dummy variable (0 or 1)

for differentiating between people or groups who are impacted by the product or not, β is the

program’s impact to the indicator value, and ε is an error term for unobserved factors that effect

Y [59]. Equation 3.2 has been used for evaluations as well as predictions [60]. In this paper the

variables T and X from Equation 3.2 are not used here because two groups of users and non-users

are not compared, as the wall will span the entire U.S.–Mexico border.

The β term is the most difficult term in Equation 3.2 to determine. The approach used in

this paper is to find an existing relationship between the impact indicator and product parameter

that can be measured or predicted. For example, the extent to which a product improves safety in

a community could be a function of how many crimes are committed. If the product reduces the

number of criminal acts, such as would be the case security cameras or lighting, the impact the

product has on crime rates can be extrapolated.

After indicators are predicted, the impact that the product has on the indicator value can be

found. One method of doing this is called difference-in-differences [48]. This method measures

the difference between an impacted group and control group. Using this method, the impact of a

product, I, is,

I = YT −YC (3.3)

39



where YT is the final indicator value for someone who was impacted by a product and YC is the final

indicator value for a control, someone who did not have the product. Measuring impact this way

accounts for how people are able to improve their lives without the product as well as any other

factors that may be change a product’s impact.

Once additional information is obtained and greater accuracy is needed, higher fidelity

models can be used. Such models could be non-linear, multi-variable, or other forms, depending

on the indicator. While these models can be more accurate, they may also need additional variables

or higher data collection rates and quality.

Creating accurate models requires the product developer to understand all of the factors that

affect the indicators. In most cases, the product is only one part of the reason why indicators are

changing. Before models are created, the user and their social environment should be understood

enough to know what these factors are. These factors may include government policies, develop-

ment programs, family roles and dynamics, cultural practices, economic status, social class, and

community behaviors. Understanding these factors and making an effort to have them integrated

into the models will make them more accurate.

3.3 Predicted Social Impact of the U.S.–Mexico Border Wall

The example in this paper is a social impact prediction study for the proposed expansion

of the U.S.–Mexico Border Wall (UMBW). In this example, the method introduced in this paper is

implemented to identify product development information, impact categories, indicators, integrate

with the design process, create predictive models, and make predictions for the selected impact

indicators. All of the models created in the examples follow the general form given in Equation

3.2.

The U.S.–Mexico border Wall is an immense physical product that impacts the lives of

Americans, Mexicans, and other immigrants hoping to enter or leave the United States. Currently,

the U.S.–Mexico border has an intermittent wall, fencing, and vehicle barricades for 580 miles

of the 1,989-mile border. The current U.S. presidential administration has proposed building a

formidable wall along more portions of the border in hopes of reducing the number of illegal

immigrants entering the United States [66]. Several articles have already been published on the
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environmental impacts of such a wall [67–70]. In this paper, we will focus on how the social

impact of an expanded border wall can be predicted and improved.

3.3.1 Step 1: Gather Product Development Information

The product development information was collected from a solicitation for building con-

tractors to build border wall prototypes [71], a fact sheet on the wall and immigration policies from

the White House [72], a Customs and Border Protection Roundtable [73], and an executive order

from President Trump [66].

• Users

1. Communities close to the UMBW

2. Illegal Immigrants

3. Border Patrol Officers

• Requirements

1. The wall is at least 18 feet high

2. The wall difficult to climb over

3. The wall includes anti-climb features

4. The wall prevents digging 6 feet under the wall

5. The wall resists breaching by hand tools (such as sledgehammers, battery operated

impact and cutting tools, oxy/acetylene torch, and other similar hand-held tools) for at

least 30 minutes but ideally for over 4 hours

6. The wall is aesthetically pleasing from the U.S. side

7. The wall accommodates drainage

8. The wall includes sliding gates for authorized pedestrians and vehicles

9. The wall can be built on a 45% slope

10. The wall is cost effective to build, maintain, and repair
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Table 3.6: The social impact categories and their determined relationship with the UMBW.

Impact Categories Relationship to the UMBW

Health and Safety Impact
Question 20: Impact personal or
communal security

Paid Work Impact
Objective: Support Border
Wall Officers

Stratification Impact Not related to the UMBW

Civil Rights Impact
Question 13: Enhance social interaction,
communication, and engagement

Education Impact Not related to the UMBW
Family Impact Question 7: Potential to separate families
Gender Impact Not related to the UMBW
Population Change Objective: Prevent illegal immigration
Conflict and Crime Impact Objective: Prevent infiltration of criminals
Social Networks and
Communication Impact Not related to the UMBW

Cultural Identity/
Heritage Impact Not related to the UMBW

11. The wall includes see-through portions

• Objective

1. Support the border patrol, decrease illegal immigration, and prevent infiltration by car-

tels criminals, traffickers, smugglers, and threats to both public safety and national

security.

3.3.2 Step 2: Identify Impact Categories

Using the product development information, all but three impact categories were deter-

mined to be unrelated to the product. The three impact categories that are related to the product are

Conflict & Crime, Population Change, and Paid Work. After these impact categories were identi-

fied, the questions in Table 3.3 were used to determine if the wall has other impact categories that

were not directly addressed in the product development information. Table 3.6 shows how each

impact category is related to the UMBW.
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3.3.3 Step 3: Selecting Indicators

The indicators that were chosen to assess the impact of the U.S.–Mexico border wall were

chosen for their ability to represent each impact category and be influenced by the wall’s param-

eters and features. Indicators were chosen for each impact category because of their ability to

represent the relationships between the impact categories and the product, see Table 3.6. The

impact indicators, organized by impact categories, are:

Crime & Conflict:

nArr. Number of arrested illegal immigrants at the border

nAtt. Number of attacks on Border Patrol

nCrim. Number of criminals arrested that are illegal immigrants

rCrime Crime rate near the border wall

pBorder Percent of arrested illegal immigrants who came through the border

nEnter Number of illegal immigrants crossing the border

Population Change:

nArr. Number of arrested illegal immigrants at the border

Paid Work:

nOff. Number of border patrol officers

nWork Number of illegal immigrants in U.S. workforce

cBorder Annual spending on U.S.–Mexico border

Family:

nChildren Number of children sent across the border illegally

nFam. Number of families separated as a result of illegal immigration

Civil Rights:

nCourt Number of illegal immigration court cases
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tCourt Trial time of illegal immigration court cases

Health & Safety:

nAtt. Number of attacks on Border Patrol

nDeaths Number of deaths of illegal immigrants crossing the border

The indicators for the UMBW were selected from the resources in Table 3.5 as well as

anticipated impacts identified by the current presidential administration [73].

3.3.4 Step 4: Creating Models

The requirements and performance measures created from the impact categories and impact

indicators are:

The wall reduces crime:

Number of arrested illegal immigrants at the border

Number of attacks on Border Patrol

Number of criminals arrested that are illegal immigrants

Crime rate in countries along border wall

% of illegal immigrants who came through the border

Number of illegal immigrants crossing the border

The wall improves the safety of the Border Patrol and immigrants:

Number of deaths of illegal immigrants crossing the border

Number of children sent across the border illegally

Number of attacks on Border Patrol

The wall helps the American workforce:

Number of border patrol officers

Annual spending on U.S.–Mexico border
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Number of illegal immigrants in U.S. workforce

The wall reduces illegal immigration:

Number of illegal immigrants crossing the border

% of illegal immigrants who came through the border

Number of families separated as a result of illegal immigration

The wall has no effect on the civil rights of immigrants:

Number of illegal immigration court cases

Trial time of illegal immigration court cases

Some impact indicators are included in more than one requirement. This is common, per-

formance measures often influence many requirements. Models were created for each performance

measure to know how different product features can affect the UMBW’s impact. In the following

equations, the subscript [ ]i is for the current value of the indicator and the [ ] f subscript is for the

predicted value of the indicator.

For the requirement, the wall reduces crime, the model for predicting the number of arrested

illegal immigrants at the border, n fArr. , is,

n fArr. = niArr. +[niArr.kChange(
kCrosskSec.

kChange

− kCrosskSec.−1)] (3.4)

The improved security factor of the new wall, kSec. , is,

kSec. =
tiCross

t fCross

(3.5)

where tiCross is the current time for someone to climb over the current barriers at the border and

t fCross is how long it takes to cut through or climb over the new border wall. This may change for

different sections of the border as some of the border already has a fence or barrier. This factor is

a measure of how much more time it takes to cross the border with the expanded UMBW design.

The model for the number of attacks on border patrol officers, n fAtt. , is

n fAtt. = niAtt. +[niAtt.

l fWall

liWall

(1−n fSec.)
n fOff.

niOff.

] (3.6)
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The number of attacks on border patrol officers is a function of the wall’s security as well as the

length of the wall and the number of officers.

The model for the number of arrested criminals, n fCrim. is,

n fCrim. = niCrim.− [niCrim. Ill.(kSec.− kChange)
nEnter Border

nEnter

] (3.7)

As this one of the primary objectives of the wall, it should be related to the improved security of

the wall, kSec.. It is anticipated that over time, the number of criminals that are illegal immigrants

will decrease as fewer illegal immigrants are entering the country as a result of the wall.

The model for the crime rate in counties along border wall, rβCrime, is,

r fCrime = riCrime− [riCrime Ill.kSec.kCross] (3.8)

As these counties are nearest to the border wall they should be impacted greatly by the wall.

Though, their crime rate will only possibly drop by how much of the crime is committed by illegal

immigrants who crossed the border.

The model for the percent of arrested illegal immigrants who came through the border,

pβ Ill. Border, is,

p fBorder = piBorder− [piBorderkSec.kChange] (3.9)

The percent of illegal immigrants who come through the border is dependent on how effective the

wall is at keeping illegal immigrants out as well as how many will enter the country by another

way.

The model for the number of illegal immigrants entering the country, n fEnter , is,

n fEnter = niEnter +[niEnter Border(1− kChange− kSec.(1− kChange)kCross)] (3.10)

The impact that the wall has on illegal immigration is dependent on how effective the wall is and

how often people change their method of getting into the country.
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The model for the performance measure, the number of children that are sent alone to cross

the border illegally, n fChildren , is

n fChildren = niIll. Children− [niIll. ChildrenkCrosskSec. ] (3.11)

This performance measure came directly from the discourse that President Trump had at a Border

Protection Roundtable, as it was mentioned that the wall could help these children who cross the

border alone and sometimes die on their way [73]. Currently, the wall doesn’t have features or

parameters that can directly change how many children are sent across the border. This is another

indicator that suggests the social impact of the wall can be improved.

The first performance measure for the requirement, the wall improves the safety of the

border patrol and immigrants, is the number of illegal immigrants who die crossing the border,

n fDeaths . The model for this performance measure is,

n fDeaths = niDeaths− [niDeathskCrosskSec. ] (3.12)

As less people attempt to cross the border, less people will die on the trip across the border. If one

of the wall’s features was designed to further decrease the number of deaths of illegal immigrants,

such as cameras or call stations, then this model would change.

The model for the performance measure, the number of families separated as a result of

illegal immigration, n fFam. , is

n fFam. = niFam.− [nFam.kReturnkSec. ] (3.13)

As less people are able to cross the border and people return to their families, less families will be

split across borders.

The first performance measure for the requirement, the wall helps the American workforce,

is the number of border patrol officers, n fOff. .

n fOff. = niOff.− [niOff.kReplacekSec. ] (3.14)
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A border wall would impact the number of border patrol officers. As the wall deters illegal im-

migrants, the need for border patrol officers will decrease. The rate that border patrol officers are

replaced by the wall, kReplace , is a measure of how many officers are needed after the wall is built.

As the wall’s security is high, less officers are needed. Automation of sensors and alarms could

further decrease the number of officers that are needed at the border.

The model for the performance measure, the annual spending on the U.S.–Mexico border,

c fBorder , is

c fBorder = ciBorder +[nOff. NewcOff. + cRepairnRepair ] (3.15)

The cost and number of wall repairs per year are directly linked to the design and material selection

of the wall.

The model for the performance measure, the number of illegal immigrants in the U.S.

workforce, n fWork , is

n fWork = niWork− [niWorkkSec.kCross +niWorkkChange] (3.16)

The number of illegal workers will be affected by the ability for them to enter the country.

The first performance measure for the requirement, the wall has no effect on the civil rights

of immigrants, is the number of illegal immigration court cases, n fCourt . The model for this perfor-

mance measure is,

n fCourt = niCourt +[niCourt

kArrest

kReturn

kSec. ] (3.17)

As the wall assists border patrol arrest more illegal immigrants, the number of court cases will

increase while, as illegal immigrants return to their families, the number of court cases decreases.

But, the wall cannot affect the number of arrests that are not at the border. This is captured in kArrest .

The last indicator is the trial time of illegal immigration court cases, t fIll. Court . The model

for this performance measure is,

t fCourt = tiCourt +[tiCourtkArr. NewkSec. ] (3.18)

As more people are arrested, the time for court cases will increase.
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Figure 3.1: One of the prototypes built for the UMBW.

3.3.5 Predictions

In order to make predictions for the social impact of the UMBW, a design has to be selected

for which to make predictions. The design used to make predictions in this paper is the least

expensive prototype of those that were built near the San Diego border. It is composed of a concrete

foundation with steel tubes for the first half of the wall and a top section made from concrete, see

Figure 3.1. As we are not testing the wall, we will assume that it meets all of the constraints for

time to cut through the wall or climb over the wall. The predictions that have been made for this

wall design can be seen in Table 3.7.

In order to use the indicator values in decision making or optimization, the indicators can

be combined into a single value. While this may not allow for a deep understanding of the prod-

uct’s impact, it is useful for comparing product options or different design parameters. Table 3.8

shows the results of an approach of combing the social impact indicator values for the UMBW.

This approach is similar to what the UN uses in several of their metrics such as the Human Devel-

opment Index and the Multidimensional Poverty Index [74, 75]. First, indicators are normalized

by calculated the percent change, P, of each indicator. Then, the indicators are grouped into their

impact categories, C. The average value of each category C̄ is calculated and used to calculate the
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total impact, IT ,

IT =
n

∑
i=1

C̄i

n
(3.19)

This IT value is the average percent change to all of the impact indicators where a positive value is

a positive impact and a negative value is a negative impact.

Deciding whether the impact of the U.S.–Mexico border wall is positive or negative is not

simple. For any product, there can be positive and negative impacts for each impacted group.

Table 3.7 shows the impact the border wall would have for each indicator. The negative and

positive values are not for positive or negative impact, but rather if the indicator value increased

or decreased. Determining if an increase or decrease is a positive or negative impact is often

dependent on the stakeholder.

We predict that the wall will decrease the number of illegal immigrants who enter the

country through the border on foot. But, at the same time, more people will enter the U.S. through

other ways, such as overstaying non-immigrant visas. Currently, more people enter the country

illegally by overstaying visas than crossing the border on foot [76]. It is predicted that a border

wall would increase the rate that illegal immigrants enter the country by other means. Also, it

is predicted that the border wall will have some negative impacts on Border Patrol officers. We

predict that the number of assaults on Border Patrol will increase slightly and the number of border

patrol officers will decrease as the wall can do the work of many officers. Even so, the spending

on the border will increase. As border officers are laid off, the costs of maintaining the wall will

replace the cost of the laid-off officers. Illegal immigrants will be negatively impacted by the

border wall. Less illegal immigrants will be able to enter the country through the border, which

will make entering the country more difficult. As illegal immigrants find a new method of entering

the country, more of them will be arrested by Immigration and Customs Enforcement (ICE) officers

than border patrol officers. ICE arrests most often go to court, which means that the number of

illegal immigration court cases will increase.

By knowing what the impacts of the wall are on immigrants, border patrol, and local com-

munities, the impact of the wall could be improved. Table 3.8 shows that we predict wall would

Overall positively impact Border Patrol and the communities near the wall, but would negatively

impact illegal immigrants.
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Table 3.7: Predictions for the UMBW indicators using equations 4-17.

Indicator Current Prediction Impact
nArr. 408,870 145,976 -262,894
nAtt. 439 524 85
nCrim. 67,742 63,352 -4,390
rCrime 2,838 2,486 -352
pBorder 29.7% 17.9% -11.8%
nEnter 418,990 357,323 -61,666
nChildren 59,692 32,787 -26,905
nDeaths 322 177 -145
nFam. 150,000 110,492 -39,508
nOff. 17,026 8,740 -8,286
cBorder $30.8 million $32.3 million $1.53 million
nWork 8,050,000 7,239,102 -810,898
nCourt 228,454 229,446 992
tCourt 1000 435 -565

Table 3.8: Synthesizing the social impact data for each stakeholder group.

Without Checkpoints and
Sensors

With Checkpoints and
Sensors

Method
Border

Patrol and
Communities

Illegal
Immigrants

Border
Patrol and

Communities

Illegal
Immigrants

Average 0.257 -0.103 0.303 -0.057

Social impact indicators can help the engineer know what product features could improve

the impact on all stakeholders. The indicator, deaths along the U.S.–Mexico border, nDeaths , neg-

atively impact all of the stakeholder groups. By installing sensors and cameras to find the immi-

grants that are in the direst need as well as checkpoints along the wall with supplies for desperate

immigrants, the social impact is improved for all stakeholder groups, see Table 7.

3.4 Concluding Remarks

Creating social impact models requires the engineer to be well informed of the factors that

are affecting the indicators. Most often, the product is not the only influence that is changing

indicator values. This can be seen with the U.S.–Mexico border wall. The indicators related to

Civil Rights are also impacted by government policies regarding the rights of illegal immigrants. In
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fact, the wall’s construction, maintenance, staffing, and completion are all impacted by government

policies. This is true for many other products as well. Medical devices, automobiles, and buildings

are all subject to changing government regulations that may change their social impact models. As

new policies are made, the social impact models that are affected should be updated.

Some of the factors that are created in the initial models may change. Many of the models

for the U.S.–Mexico border wall use a factor called the improved security factor, kSec.. This is

meant to measure how much more effective the border wall is at inhibiting people from crossing

the border. This is possible to measure by testing different methods of going over, under, and

through the wall. While this is a measured value, it is possible that the same term will not be used

to predict several performance requirements. As more information is collected, the models should

be updated.

Finally, models should be created for what needs to be modeled, not simply what we believe

to be possible to model. Simple models, such as the models used in this paper, are most likely what

will be used to predict the impact at first. If no models are made for an indicator, then important

impact information will be lost. Simple social impact models can be used to improve a product’s

design. Using simple models for the US Mexico border wall, an indicator that can improve the

impact for all stakeholders was found. This indicator was used to find new features improve the

border wall’s social impact. Instead of focusing on creating models that are perfectly accurate, it

is more important that they are useful [77].

Often social impact is depicted as a complex problem that cannot be constrained in a way

that is usable for engineers. In this paper, it is shown that models can be created that can predict

the social impact of an engineered product. By starting the process in this paper with information

that engineers often already use in product development processes, this new process can be com-

pleted concurrently with traditional product development processes. By implementing the method

introduced in this paper with an existing product development process, an engineer can have social

impact indicators as performance measures alongside traditional engineering performance mea-

sures. This will enable an engineer to possibly optimize a design based on both the functional

performance and its social performance.

As this paper simply introduces a method of modeling a product’s social impacts, there is

future work to be done. First, dealing with the uncertainty of these models is a challenge. This was
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not addressed in this paper, but each of the indicator values has uncertainty. Second, more complex

models of product social impact should be explored. As Equation 3.2 is a common method used

by social sciences to predict the impact of social programs, it was used in this paper. Engineering

models often use more complex models to predict the performance of a design. New visualization,

data collection, and prediction techniques could allow product impact predictions to use more

complex models as well. As a product’s impact is dependent on the user and the product, see

Equation 3.1, relationships between the user’s initial conditions and a product’s impact also need

to be explored.
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CHAPTER 4. CONCLUSION

This research is a beginning of an effort to measure and predict the social impacts of en-

gineered products. Using the metric created in this research, an engineer can measure or predict

the social impact of a product. The models that are created are simple first order social impact

models. Further research can be done on how these models could be improved. These models may

be higher order models or take other forms. The research in this thesis has focused on translating a

qualitative social impact into a quantitative metric or indicator. Further research on how engineers

might use subjective social impact data to improve a product’s social impact could further advance

this research.

Another finding of this research is that the impact of a product is dependent on the product

as well as the user. This can make finding a product’s impact more difficult as the impact changes

between different users. While this is understood in this research, how a user’s conditions and

parameters change a product’s impact is not understood. Further research can be done on what the

important user parameters are that most influence a product’s impact. This could help engineers

know how to change product parameters or use principles from flexible product design to improve

the social impact for all users. By having a flexible design, the impact could be more constant

through different users.

In order to understand what a measured or predicted social impact value means, contextual

information must also be given. The importance of contextual information can be seen in how

evaluations of mechanical stress are done. If a value of stress for a beam is given without knowing

the material properties, it is near impossible to determine if the beam will fail or not. Ultimate

stress, fatigue stress, and other contextual information about the beam must be known. In this

research, the synthesized social impact value, such as the PIM, was compared to another impact,

simply gaining employment. This comparison was able show that the product has both positive

and negative impacts. While this method can compare two or more impacts, if a product’s social
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impacts were compared to social impact limits, in the same way that a predicted stress is compared

to ultimate and fatigue stress, then the engineer could know if the impact value is good or bad.

Currently, judging the social impact value is subjective.
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