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ABSTRACT

Social Impact has been widely discussed by the engineer-
ing community, but studies show that there is currently little sys-
tematic consideration of the social impact of products in both
academia and in industry beyond social impacts on health and
safety. This paper illustrates how Failure Mode and Effect
Analaysis (FMEA) style analysis can be applied to evaluating the
social impact of products. The authors propose a new method
titled Social Impact Effects Analysis (SIEA), describe how it is
performed, and explain the benefits of performing SIEA.
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1 INTRODUCTION

Sustainable design encapsulates economic, environmental,
and social sustainability. Economic considerations are routinely
included in engineering design [1] and environmental consid-
erations are increasingly being considered in design with stan-
dards and widely used methodology [2] [3]. While Social Impact
considerations are being broadly researched, research reveals
that there is a lack of implementation in engineering-centered
academia and industry [4] [5].

The lack of implementation of social impact in engineering-
centered academia and industry is not due to a lack of methods.
There are many methodologies that are used in social science
and development fields. Some reasons these methods are not
widely used in product development are designers not being
aware of methods, methods not being widely applicable, and
methods being too complicated or time consuming [4] [5].

Rainock et al categorized the social impact of products into
11 social impact categories [6]:

i Impacts on Conflict & Crime
ii Impacts on Cultural Heritage & Identity
iii Impacts on Education
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iv Impacts on Family
v Impacts on Gender
vi Impacts on Health & Safety
vii Impacts on Human Rights
viii Impacts on Paid Work
ix Impacts on Population Change
x Impacts on Social Networks & Communication
xi Impacts on Stratification

Of these, Impacts on Health & Safety are the most widely
considered/implemented in engineering practice [4]. One reason
for the success of Health and Safety implementation is the use of
Failure Mode and Effects Analysis (FMEA) [4].

FMEA is a methodical, qualitative method for evaluating
primarily the Health & Safety impacts of part failure [7]. In
FMEA designers methodically rate product components, failure
modes, and effects to determine risk associated with the product.
First designers list out all of the possible failure modes for each
component in a system and rate each failure mode by its level of
occurrence. Designers then list out the negative effects for each
failure and rate the severity of each effect. Designers then rate
each failure mode on how easily each failure can be detected and
prevented beforehand. The three scores in occurrence, severity,
and detectability are used to create an overall risk priority num-
ber (RPN). The RPNs of each failure mode and effect are used
to determine which failure modes need additional design, man-
ufacturing, or quality control efforts to lower risk to acceptable
levels.

The simplicity, consistency, and ability to identify factors
leading to failures and corresponding corrective actions early in
the design process make FMEA very popular [8]. FMEA is also
valued because it can be verified through testing and post-product
release as part of a quality management system (QMS).

FMEA generally works well for Health and Safety Impacts,
but as is shown in this paper, FMEA is typically only used for an-
alyzing discrete, negative events of a single impact category that
equally affect users. In this paper we examine the short com-
ings of FMEA for analyzing the social impacts of engineered
products and introduce an FMEA-inspired method that is well
suited toward handling the particularities of social impact anal-
ysis. This method is known as Social Impact Effects Analysis
(SIEA). There are five characteristics of FMEA that make it dif-
ficult to use for analyzing social impacts and necessitate the cre-
ation and use of SIEA. These are:

I. While FMEA typically analyzes Health & Safety related
risks it has been used to analyze other impact categories.
Literature reviewed for this found FMEAs that analyzed so-
cial impacts in 8 of 11 categories. Impact categories ana-
lyzed include: Conflict & Crime [9] [10], Education [11],
Family [12], Gender [13], Health & Safety [14] [15] [16],
Human Rights [17], Paid Work [18] [19] [20], and Social
Networks & Communication [21]. FMEA has also been
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used to analyze environmental impact [14] [22] [23]. While
FMEA has been used to analyze social impacts in 8 cate-
gories, the FMEAs reviewed in the literature reviewed for
this paper only analyzed between 1-2 impact categories at a
time. Products with social impacts typically have impacts in
many categories [24].

II. In FMEA the magnitude of failure effects is generally the
same for most users. In cases where differences in magni-
tude occur, FMEA typically considers only the worst case
scenario [8]. By comparision, social impacts are highly de-
pendent on context and the differences between users, com-
munities, and environments [25] [26] [27]. Because social
impacts depend on both the product and the user the ap-
proach taken by traditional FMEA is not sufficient for an-
alyzing social impact [28].

III. FMEA typically deals with the occurrence of negative events
and not with the positive events of products [29]. However,
products can have positive and negative impacts with large
effects on stakeholders [30] [31]. These impacts can be in-
tentional or unintentional and should be considered in the
design of a product [28] [32]. Considering only the negative
effects of a product is insufficient when considering social
impacts during sustainable design.

IV. FMEA deals with the risks of failure events which are by
nature uncertain events [33]. These events have varying fre-
quencies and can occur individually or concurrently [34].
The social impact of products can occur continuously across
extended periods of time. Social sustainability is based on
the notion that products can impact individuals and com-
munities over an extended period of time [35] [36]. The
failure-centered approach of FMEA only works well for so-
cial impacts of a certain type and limits its ability to evaluate
all social impacts.

V. In addition to the uncertainty of random failures that FMEA
handles with a detectability metric, other sources of uncer-
tainty exist for the social impact of products such as un-
certainty related to product acceptance and use [37], level
of impact [28], verification of impact occurrence, and un-
certainty related to secondary effects or impacts [38] [39].
FMEA typically only handles uncertainty related to detect-
ing randomly occurring events and is insufficient for han-
dling the range of uncertainties associated with the social
impact of products.

The authors have developed SIEA as an analogous method
to FMEA to better handle these particularities. It is a systematic
social impact assessment tool for utilization in product devel-
opment. The goal of SIEA is to help designers consider many
potential impacts of a product, rank them by importance, and de-
termine specific actions to limit negative impacts and improve
the positive impacts of products.

It is important to remember that like any social impact as-
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sessment or design methodology the success of SIEA is linked
to the people performing the activity. Exploring the social im-
pact of a product works better when those who know the prob-
lem deeply, both technically and due to personal involvement,
are involved [40]. More diverse teams such as multidisciplinary
teams [41] and teams that have diversity of gender, race, and
ethnicity perform better [42] [43]. Working with those directly
impacted and using a diverse team are recommended as part of
performing a successful SIEA.

Section 2 of this paper lists the step-by-step process for per-
forming an SIEA. Section 3 of this paper gives an illustration
of an SIEA. Section 4 describes the aspects of SIEA and how
they compare to FMEA. These differences are also summarized
in Table 4. Section 5 discusses the contributions of SIEA toward
helping design teams consider a larger quantity of impacts from
a wider range of social impact categories than methods currently
in use in engineering-centered academia and industry.

2 Performing a Social Impacts Effect Analysis (SIEA)

In this section the step-by-step process for performing a So-
cial Impacts Effects Analysis is given. An example of an SIEA
is shown in Fig 1. and described in Section 3. More detailed de-
scriptions of term definitions and impact ratings are given in Sec-
tion 4. Section 4 also highlights how SIEA differs from FMEA
and how these differences make SIEA better suited for social im-
pact analysis.

Before an SIEA is performed, designers should determine
whether or not to perform an SIEA. Products with strong ex-
pected impacts, newly developed products, and products being
deployed in new areas or for new stakeholders are strong candi-
dates for performing an SIEA [44] [45].

Before performing an SIEA the design team should define
stakeholder priorities. Determining stakeholder priorities at this
step makes assigning impact magnitudes easier and more accu-
rate. If there are multiple groups of stakeholders with differing
priorities, priorities should be defined for each group so impacts
can be assigned separately for each.

To perform a successful SIEA, efforts should be taken to
form a multidisciplinary, diverse team that includes both techni-
cal expertise and experience with the product, effected commu-
nities, and social impacts of interest [42].

1. List Product Attributes: List all attributes of the design at
the relevant detail level. For early stages of design before
the product is defined, designers may list product require-
ments or expected features. In latter stages, the design can
be broken down into subsystems, features, components, or
attributes. The goal of this stage to list all the possible at-
tributes so that effects and impacts may be assigned to them.
See Column C2 in Fig. 1 for examples.
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. List the Social Impacts of Product Attributes: List the

impacts the product effects have on the stakeholders. See
Column C3 in Fig. 1 for examples. If different impacts
exist for different stakeholders, assign each impact to its re-
spective stakeholder group. See Column C1 in Fig. 1 for
examples.

. Categorize Social Impacts: Social impacts can be assigned

to one of major 11 Social Impact Categories: Population
Change, Family, Gender, Education, Paid Work, Stratifica-
tion, Health and Safety, Human Rights, Social Networks and
Communication, Conflict and Crime, and Cultural Heritage
and Identity [6].See Column C4 in Fig. 1 for examples.

. List the Cause of Each Social Impact: Describe how the

product attribute leads to the social impact on stakeholders.
See Column CS5 in Fig. 1 for examples.

. Indicate Each Impact as Positive or Negative: Define

each social impact as having a positive or negative effect on
the user. It is possible that a particular impact could be both
positive and negative. If this is the case the impact should be
listed twice, once as a positive impact and once as a negative
impact. See Column C6 in Fig. 1 for examples.

. Rank the Magnitude of Each Impact: Rate the magnitude

of each social impact on a scale of 1-10. This is a measure-
ment of how much the impact effects the life of the stake-
holder. Table 1 gives an example scale for rating magni-
tudes. See Column C8 in Fig. 1 for examples.

. Rank the Occurrence of Each Impact: Rate the occur-

rence of each social impact on a scale of 1-10. This is a
measurement of the likelihood of a given impact happening.
Different ways of considering impact are given in Section
4.8. Table 2 gives an example scale for rating occurrence.
See Column C9 in Fig. 1 for examples.

. Rank the Uncertainty of Each Impact: Rate the uncer-

tainty of each social impact on a scale of 1-10. Uncertainty
is a measure of how much uncertainty there is about the oc-
currence or magnitude of a given impact. Additional Infor-
mation is given in Section 4.7. Table 3 gives an example
scale for rating uncertainty. See Column C10 in Fig. 1 for
examples.

Table 1. Impact Magnitude Rating Table

Ratings Description of Impact Rating

1 Little to no impact on the stakeholder
2-3 Minor impact on the stakeholder
4-6 Noticeable impact on the stakeholder
7-8 Major impact on the stakeholder
9-10 Life changing impact on the stakeholder
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Figure 1. SIEA Example
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Table 2. Impact Occurrence Rating Table

Ratings Description of Occurrence Rating
1 Extremely low occurrence

2-3 Medium low occurrence

4-6 Medium occurrence

7-8 Medium high occurrence
9-10 High occurrence

Table 3. Impact Uncertainty Rating Table

Rating for Ratings for Description of Uncertainty
Negative Positive Im- Rating

Impacts pacts

1 9-10 Little to no uncertainty

2-3 7-8 Low uncertainty

4-6 4-6 Medium uncertainty

7-8 2-3 High uncertainty

9-10 1 Extremely high uncertainty

9. Calculate Impact Priority Numbers: The Impact Priority
number is calculated by multiplying the Magnitude, Occur-
rence, and Detectabilty. The sign of the IPN corresponds to
whether the impact is positive or negative see Equation 1.
The IPN is used to identify the largest positive and negative
impacts of the product. Additional Impact Priority Number
calculations have been developed by the author to help de-
signers identify other impacts of interest such as items with
high potential for impact but either a low magnitude (Magni-
tude Priority Number or MPN), low occurrence (Occurrence
Priority Number or OPN), or high uncertainty (Uncertainty
Priority Number UPN) see Equations 2-4. See Column C11
in Fig. 1 for examples.

IPN = Magnitude* Occurrence « Detectability  sign(Impact)

ey

MPN = (Magnitude — Occurrence) x Magnitude — (2)

OPN = (Occurrence — Magnitude) x Occurrence  (3)

UPN = (Uncertainty) x (Magnitude + Occurrence) (4)
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10. Rank Positive and Negative Impacts: Ranking impacts al-
low designers to see which impacts have the highest positive
and negative values. Ranking of impacts aides designers in
determining which impacts need Impact Management Mea-
sures. Very low impacts should have social impact manage-
ment measures to mitigate or prevent the negative impacts.
For positive impacts, there are several different approaches.
One approach is to assign impact management measures
to the highest positive impacts to ensure that the design
achieves those impacts. Another approach is to assign im-
pact management measures to the lowest ranking /PNs to
increase the positive impact. A third approach is to assign
impact management measures to important impacts that are
high ranking in one category such as high-magnitude/low
occurrence or high-occurrence/low-magnitude impacts. All
approaches have merit and may be used by the design team.
These approaches are discussed more in depth in Section
4.5.

11. Social Impact Management Measures: Impact Manage-
ment Measures are specific actions assigned to team mem-
bers to improve positive impacts or decrease negative im-
pacts. These design activities are designed to change either
the magnitude, occurrence, or uncertainty of the impact. See
Column C12 in Fig. 1 for examples.

12. Re-score Magnitude, Occurrence, and Uncertainty for
Impacts with Management Measures: Adjust Magnitude,
Occurrence, Detectability scores as necessary to reflect ex-
pected changes as the result of Impact Management Mea-
sures. See Columns C13-C16 in Fig. 1 for examples.

13. Follow Up: Perform follow up to ensure that Impact Man-
agement Measures have the intended effect.

3 Illlustration/Example

Figure 1 shows several rows of an example SIEA performed
by the authors. The exercise examined the social impacts of a
modular solar charger designed for use in rural Uganda. Due
to size constraints only eight rows of the example SIEA are
listed in this paper, however the full example is available at de-
sign.byu.edu.

Column 1 lists the stakeholders/users of the solar charge
which in this example are: households in Uganda, children in the
households, women in the households, and employed members
of the households. Column 2 lists product requirements or fea-
tures such as the mobile payment and mobile locking of the mod-
ular solar charger. Column 3 lists social impacts of the product
feature such as increased electricity access for work purposes, for
educational purposes, and increased electricity access for women
in the households. Column C4 lists which impact category each
impact belongs to such as Paid Labor or Education. Column C5
lists the impact causes such as the mobile payment availability
lowering monthly payment costs which makes the device more
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accessible. C6 lists whether designers viewed each impact as
positive or negative such as increased electricity being a positive
impact, and the ability of the solar company to lock users out as
a negative impact. Columns C6, C7, and C8 are the designer rat-
ings for impact magnitude, likelihood, and uncertainty. Column
11 shows the calculated Impact Priority Number /PN for each
impact. These IPNs were used by the authors to rank impacts
by priority and assign actions for increasing positive impacts and
decreasing negative impacts. Column C12 lists suggested impact
management measures such as ensuring customer service assis-
tance is available to help customers who are mistakenly locked
out of their solar chargers. Columns C13, C14, and C15 list new
rankings for impact magnitude, likelihood, and uncertainty after
suggested actions are taken. Column C16 lists the new scores
and C17 lists the expected improvement due to the impact man-
agement measures.

The exercise took 3 hours to complete and analyzed 42 po-
tential impacts related to 11 product attributes in 7 social im-
pact categories (Education, Family, Gender, Health and Safety,
Human Rights, Paid Labor, and Social Networks and Commu-
nication). This shows the ability of SIEA to aid designers in
considering a wide range of impacts from different social impact
categories.

This exercise also helped designers see how each of 4 dif-
ferent stakeholder groups were affected differently by the prod-
uct (Households in Uganda, Employed Members of Households,
Women in Households, Children in Households). The activity
also connected the 42 potential impacts to 11 product attributes.
These connections help designers understand how product per-
formance leads into impact as well as the trade-offs and relation-
ships between product performance, impact, and multiple stake-
holder groups.

And finally, the calculation of Impact Priority Numbers al-
lowed all 42 potential impacts to be ranked to help determine
designer priorities for maximizing positive impact. All 4 Im-
pact Priority Numbers in Section 2.10 (Traditional Impact Prior-
ity Number, Magnitude Priority Number, Occurrence Magnitude
Number, and Uncertainty Magnitude Number) were calculated to
find the highest overall positive and negative impacts as well as
high potential targets for improving the magnitude, occurrence,
and uncertainty.

The largest positive impacts were the impact of increased
electricity access due to the cost of the charger. The largest neg-
ative impact was the loss of electricity due to being remotely
locked out of their charger when they should have access, and
electrical shock due to the charger being damaged. The largest
opportunity for increasing impact through occurrence was in-
creasing the occurrence of electricity access for women related to
the modularity of the solar charger. The largest opportunity for
increasing impact through magnitude is the impact on paid la-
bor of having port types necessary for use in electrical tools and
equipment. The largest opportunity to increase impact by de-
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creasing uncertainty is the ability to reliably charge all the com-
munication devices a household would need.

These rankings illustrate the ability of SIEA to help design-
ers not only create a large list of potential impacts, but also to
rank and prioritize which impacts need additional consideration
in the design process. Focusing on the impacts identified in-
creased the overall impacts by both decreasing negative impacts
and increasing positive impacts of the product.

4 Highlighting Differences Between SIEA and FMEA

This section describes the attributes of SIEA in greater detail
and how they compare to FMEA. These differences demonstrate
the need for SIEA as a seperate method from FMEA and show
that SIEA is better suited for analyzing social impacts. These
differences are summarized in Table 4.

4.1 Stages of Design

Like FMEA, SIEA can be implemented across all stages
of design from concept development, to subsystem design and
refinement, to manufacturability, and even post release mainte-
nance and disposal. In the concept stage, SIEA analyzes the
desired impacts and product requirements. As the design be-
comes more defined, SIEA can analyze the product on a system,
subsystem, or component level. Process SIEAs could be per-
formed as well. Additionally, there are impacts associated with
implementation practices that SIEA could potentially analyze al-
though Social-Life Cycle Assessment already exists for that very
purpose [30] [46] [47].

4.2 Social Impacts Considered

SIEA aims to help designers consider more relevant social
impacts in a wider range of impact categories than methods cur-
rently practiced in engineering such as FMEA. SIEA encourages
designers to consider more social impacts by systematically list-
ing social impacts for every aspect of the product and by asking
them to consider 11 social impact categories. Products typically
have impacts in multiple social impacts categories [24]. SIEA
guides designers in considering a broad range of impacts across
categories as opposed to the typical 1-2 social impact categories
usually explored in FMEA. The example in Section 3 illustrates
this principle for an SIEA performed on a modular solar charger.

4.3 Industry Specific Lists of Impacts

One feature of FMEA is that design teams can use an indus-
try specific list of effects to more quickly and completely analyze
potential product effects. Currently, no lists of impacts have been
specifically developed for SIEA. Other social impact assessment
tools have developed lists of common social impacts that design-
ers could borrow for use in SIEA. Both Social Life Cycle As-
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sessment and Social Impact Assessment Social Life Cycle As-
sessment have created lists that could be utilized [25] [30] [31]
[46] [47] [48] [49]. Utilizing common lists will make it easier
for designers who are not familiar with social impacts to con-
sider impacts they might not have previously considered.

4.4 Handling of Multiple Stakeholders

Social impacts depend on both the product and the user [28].
Individuals have many differences including differences in phys-
ical attributes, access to resources, cultural upbringing, needs,
desires, and priorities. Because social impacts are closely linked
to stakeholder values, SIEA starts by attempting to identify and
understand the priorities of major relevant stakeholders. This can
be done through a variety of methods such as using personas,
or including stakeholders in participatory or co-design [54] [55]
[56].

SIEA handles stakeholder differences by evaluating impact
magnitudes separately for each major stakeholder group. This
helps design teams consider the most important impacts for each
stakeholder group and understand trade-offs between stakehold-
ers. This information helps design teams handle trade-offs well
and create a product with desirable impacts [57].

4.5 Positive and Negative Impacts

SIEA assigns each impact as either a positive or negative im-
pact which is a notable deifference compared to FMEA Consid-
ering impacts as positive or negative helps designers know which
positive impacts need to be increased and which negative impacts
need to be mitigated or prevented [28]. Whether an impact is
considered a positive or negative can vary for stakeholders, as
a product may produce positive impacts for one user and nega-
tive impacts for another [6] Industrial equipment, for instance,
may increase profit for its owner, but could pose a safety risk
to users, and create pollution and noise that negatively impacts
the community. Often times these impacts are paired and lead to
trade-offs.

Additionally, products often have secondary effects where
the benefit of a product leads to a change in behavior which cre-
ates additional impacts [58]. For example, farming equipment
that improves farm output could improve wages for employees
of farmers that own the equipment, or the increase in efficiency
could lead to fewer employees or other laborers. Increased output
could negatively impact competing farmers. Positive social im-
pacts may produce negative secondary impacts, and negative so-
cial impacts may produce positive secondary impacts. Secondary
effects are important to consider because they are often missed
and unconsidered secondary impacts have been observed as a
source of project failure in global development projects [38] [39].

Considering both positive and negative impacts simultane-
ously offers an improvement to several current risk manage-
ment methodologies that only consider negative impacts such as
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FMEA [29]. The assignment of positive or negative also goes
toward calculating the Impact Priority Number which is used for
ranking and prioritizing product impacts. There are differences
in how positive and negative impact scores are ranked and the
strategies designers use to increase positive impact and decrease
negative impacts. These differences are discussed in greater de-
tail in Section 4.11

4.6 Discrete and Continuous Impacts

Several methods used in engineering handle only either dis-
crete events such as FMEA [33] or the continuous impacts of
products. SIEA has been designed to deal with both the dis-
crete and continuous impacts of products. This is important be-
cause events that cause impacts can either be discrete such as a
medicine relieving symptoms for a few hours or continuous such
as the clean water a well supplies to a village 24 hours a day. Ad-
ditionally, discrete events can create lasting continuous impacts
such as an injury caused by a product having lasting health ef-
fects. Events that continuously provide an impact while in use
might also provide little benefit after use is ended such as an
emergency shelter. Some products might not be used continu-
ously, but the availability of use provides an impact such as a cell
phone that only provides benefits while in use, but the ability to
use the phone at any time creates a continuous positive impact.

The complex nature of discrete and continuous impacts and
effects can make it difficult to compare and rank quantities typi-
cally used in FMEA such as occurrence detectability. The ways
that SIEA addresses these concern are discussed in greater detail
in sections 4.8 and 4.9.

4.7 Impact Magnitude

In SIEA, impacts are rated for magnitude on a scale of 1-10
with 1 being a low magnitude impact and a 10 being the highest
magnitude impact. What constitute a high or low magnitude im-
pact depends on the user, the impact category, and the industry of
use [8]. Table 1 in Section 2 gives an example of a generic mag-
nitude scale. Magnitude ratings are used to help the team under-
stand what level of impact the effects of a product have to guide
them in their design efforts [7] [8]. These numbers are qualitative
and the exact number is not as important as a consistent scale and
ordering within the team as it is the order and relative magnitude
that guides the ranking and ordering of impacts [7].

4.8 Occurrence

Although all impact causes can be thought of as continuous
or discrete, all impact causes and impact effects can be described
as having an occurrence or likelihood. Mathematically this is
a probability or percentage between 0-1 or 0%-100%. Defining
occurrence in this way is robust mathematically, but is potentially
problematic in the context of occurrence ratings that occur in
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Table 4. FMEA and SIEA Comparison

Attributes FMEA SIEA Section
of Paper
Stages of Product | Concept Development, Subsystems Engineering | Opportunity Development, Concept Development, | 4.1
Development [50] System Refinement Subsystems Engineering, System Refinement
Social Impacts | Generally used for Health & Safety or Business | Designed to be used for 11 social impact categories: | 4.2
Considered Risks. FMEA has been used for 8 of 11 Social Im- | Conflict & Crime, Cultural Heritage & Identity, Ed-
pacts [6] but only 1-2 at a time. Conflict & Crime, | ucation, Family, Gender, Health & Safety, Human
Education, Family, Gender, Health & Safety, Human | Rights, Paid Work, Population Change, Social Net-
Rights, Paid Work, Social Networks & Communica- | works & Communication, and Stratification [6]
tion.
Industry-Specific Industry specific standards exist for FMEA [7] [51] No industry specific standards exist 4.3
Standards
Industry-Specific Industry specific lists of common failure modes exist | No SIEA specific lists of common impacts exists. | 4.3
lists of Common | [14] [52] [53] Social Impact Assessment and Social-Life Cycle As-
Impacts sessment lists may be used for SIEA. [48] [31] [25]
[46] [47] [30] [49]
Multiple Stake- | Failure modes are often assumed to have the same | Impacts are analyzed separately for each stakeholder | 4.4
holders effect on all stakeholders group
Positive & Negative | FMEA generally deals with failures or negative im- | Social Impacts can be positive or negative. SIEA | 4.5
Impacts pacts. [29] handles both positive and negative events.
Discrete & Contin- | FMEA typically only deals with the effects of dis- | SIEA analyzes the impact of both discrete and con- | 4.6
uous Impacts crete events [33] tinuous events.
Impact Magnitude Failure mode effects are typically rated on a Severity | The effect impacts have on stakeholders are rated on | 4.7
Scale of 1-10 a Magnitude Scale of 1-10.
Impact Occurrence | Failure Occurence is typically evaluated on a 1-10 | Impact Occurrence is evaluated on a 1-10 scale. Mul- | 4.8
scale, tiple scales may be used and include linear, logarith-
mic, and qualitative scales.
Uncertainty vs. De- | Failure Detectability is typically evaluated on a 1-10 | Impact Detectability is a specific type of uncertainty. | 4.9
tectability scale Other types of uncertainty are considered, and uncer-
tainty is evaluated on a 1-10 scale.
Impact Priority | The Risk Priority Number (RPN) is calculated | The Impact Priority Number (IPN) is calculated | 4.10
Number by multiplying the Severity, Occurrence, and De- | by multiplying the Magnitude, Occurrence and De-
tectability tectability. Negative impacts are multiplied by nega-
tive 1. Additional Impact Scores may be calculated
for prioritizing impacts.
Impact Manage- | Resources are dedicated to mitigate risks with an | Resources are dedicated to impacts with a negative | 4.11
ment Measures RPN above a given threshold. IPN below a given threshold to raise the IPN to ac-
ceptable levels. Resources are dedicated to improve
the most important positive impacts as determined by
the design team.
Secondary Effects Secondary Effects are considered for each failure to | Secondary effects are considered for each impact | 4.5
capture additional failure modes or effects. Likely | consider additional impacts.
combinations of multiple failure modes are consid-
ered
Relationship  Be- | Failure modes and causes are listed by component. | SIEA shows relationships between impacts on dif- | 4.12

tween Impacts

No additional relationships are considered.

ferent stakeholders. SIEA also shows the trade-offs
between positive and negative impacts resulting from
the same product component.

VO03BT03A017-8

Copyright © 2021 by ASME

120z Jaquiadaq €0 uo Jasn Aysianiun BunoA weybug Aq Jpd-G650.-1202018p-L L0BEOIIEONEBY L 08I/LLOVEDLEEON/06€S8/ L 202310-013al1/4pd-sBulpasooid/315-013a1/610"swse uonos|j0dje}bipawse//:dpy woy papeojumoq



FMEA and other methods. The main two issues with this are that
impacts can occur across a broad spectrum of occurrences, and
the value judgements associated with assigning an occurrence
number vary depending on the individual impacts.

For example, a knee brace could provide stability and im-
proved healing for 19 out of 20 patients, cause irritation in 5
out of 20 patients, and lead to a serious accident by snagging on
heavy equipment or moving objects 1 time per 200,000 hours of
patient use. Linear, and potentially even logarithmic scales may
have difficulty providing the right level of resolution across the
potential impacts of a product. Furthermore, what qualifies as a
low or high occurrence depends on the individual impact. In the
previous example, the 1 serious injury per 200,000 hours of pa-
tient use might be considered a high occurrence event in need of
mitigation while the 5 in 20 occurrence of irritation might be con-
sidered a low occurrence not in need of additional design consid-
eration. Some of these issues are resolved by the overall impact
score accounting for the magnitude and detectability of impacts,
however some issues may remain.

There are several approaches to handling these irregularities.
The authors present four options that have different strengths and
drawbacks that provide flexibility for the best use in different
application or situations:

1. One option is to use a linear occurrence scale related to the
mathematical probability of occurrence and a range that en-
compasses the impacts identified. This approach is straight-
forward and intuitive mathematically. Potential scaling is-
sues may be resolved with additional impact ranking metrics
discussed in Section 4.10.

2. Another approach is to use the mathematically occurrence
of probability on a logarithmic scale. This approach handles
large ranges of occurrence well and provides good resolu-
tion across such large differences. However this approach
is slightly less intuitive and may involve additional calcula-
tions.

3. A different approach would be to consider the occurrence in
a qualitative manner instead of a strictly mathematical as-
signment. As discussed previously, whether an impact is
considered a low occurrence or high occurrence depends on
the impact itself. This approach allows designers the flexi-
bility to make these value judgements. This approach might
not be as mathematically rigorous or repeatable, but may be
a more appropriate approach when the effects of product im-
pacts span a very large range. This approach is demonstrated
on Table 2 in Section 2.

4. A fourth approach borrowed from design FMEA for use in
design SIEA is to rank occurrence based on the likelihood
that the design team can design the product to achieve the
desired level of impact. This approach is applicable early
in the product design before mathematical probabilities can
be known and helps the design team focus on the areas of
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design that need the most attention to achieve the desired
impact.

4.9 Detectability versus Uncertainty

One important aspect of social impact is uncertainty [59].
There are several types of uncertainty associated with social im-
pacts. For designers there is uncertainty about the actual impact
a product has on the lives of users [28]. There also exists un-
certainty about the adoption or acceptance of the product [37].
Additional uncertainty comes from the potential for secondary
impacts or effects [38] [39].

There are several sources of uncertainty of impacts on the
user side as well. There is uncertainty associated with the oc-
currence of random events. In traditional FMEA this is referred
to detectability, and increasing the detectability decreases uncer-
tainty by allowing users to foresee a potential failure before the
negative effects of the failure occur. There is also uncertainty for
the user about whether or not a product is leading to a personal
impact. For example, the health benefits of clean water or an
improved cookstove might not be immediately apparent to users.
This type of uncertainty can affect the likelihood of an individual
to use a product [60]. This type of uncertainty is also challenging
for those who wish to measure or quantify the impact of products.

As designers, it is desirable to lower all of these uncertain-
ties. Areas of high uncertainty signal a need for design resources
to reduce uncertainty. When it comes to ranking uncertainty for
use in risk there are several possible approaches with varying
strengths and weaknesses. These approaches are as follows:

1. Focus on only one type of uncertainty. This approach only
considers one source of uncertainty at a time. This is a sim-
ple approach that also tailors to the different stages of de-
sign. In conceptual stages designers may rate the uncertainty
associated with designing the product, and later stages may
then progressively focus on the uncertainty associated with
levels of impact, product acceptance, and verifiability of the
impact occurring.

2. Consider multiple sources of uncertainty. This approach
ranks each type of uncertainty separately. This approach
is beneficial in that it considers many types of uncertainty,
however it increases the time required to perform an SIEA,
and could complicate /PN rating calculations and ordering.

3. Consider only the largest uncertainty. While several sources
of uncertainty exist for all impacts, some may be of greater
concern for individual product impacts. Ranking the largest
source of uncertainty for each impact lowers the amount of
rankings and calculations needed, but it adds complexity as
it requires designers to compare different sources of uncer-
tainty mentally.

4. Use aholistic approach. This approach relies on the intuition
and experience of users to consider the overall uncertainty
from all sources. This approach is not as well defined, but
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it has the potential to cover the breadth of uncertainty types
without requiring the time put into a deep analysis of each
type individually.

4.10 Risk Priority Number and Impact Priority Num-
ber

The Impact Priority Number (IPN) is a measure of the over-
all importance a given impact is. The IPN is calculated by multi-
plying the magnitude, occurrence, detection, and the sign of the
impact. IPNs can take values between -1000 to 1000. These IPNs
can be thought of as Negative Impact Priority Numbers (NIPN)
ranging between -1000 to 0, and Positive Impact Priority Num-
bers (PIPN) ranging from 0 to 1000. For negative impacts, values
close to 0 are desired and for positive impacts IPNs close to 1000
are desired.

This type of calculation is used for FMEA Risk Priority
Numbers RPN. Despite wide use of the concept, there are sev-
eral criticisms of the common RPN equation in the literature.
These criticize the scaling, comparability, and consistency of
RPNs [61] [62] [63] [64]. Other suggested calculations include:
category weighting, fuzzy RPN functions, fuzzy adaptive res-
onance algorithms, exponential RPN, and utility priority num-
bers [61] [63] [64] [65] [66].

In addition to the traditional RPN score, the authors have
created additional impact score calculations for helping design-
ers identify items with high impact magnitude but low occur-
rence, low impact magnitudes with high occurrence, and high
uncertainty impacts. These additional measures can help design-
ers identify which type of impacts they wish to focus their atten-
tion on. These calculations are given equations 2-4 in Section 2
Step 10.

4.11 Impact Management Measures

The ultimate goal of SIEA is to consider many of the possi-
ble impacts and rank them so that resources can be dedicated to
the most important impacts [61] [63]. After impacts have been
ranked by IPN the design team assigns specific actions to team
members. These corrective actions aim to lower negative im-
pacts and increase positive impacts by changing the magnitude,
occurrence, or uncertainty of selected impacts [65]

Multiple possible corrective actions can be taken that may
have different effectiveness and costs. The design team decides
which corrective action would be most appropriate and assigns
the action to a specific team member [67]. The right correc-
tive actions in the early stages of design can prevent more costly
corrective actions later [67] There are several ways to deter-
mine how many risks to assign impact management measures
to. These include using an IPN threshold, assigning actions to
a top percentage of impacts, using a screening matrix, or using
a graph of IPNs to find the inflection point for impact priori-
ties [7] [68] [69].
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4.12 Relationships Between Impacts

Social Impact Categories have been observed to be corre-
lated to each other with differing strengths [24]. In addition to
these relationships, there are trade-offs that design teams will
have to navigate. These trade-offs include trade-offs between
impact categories [24] [70], trade-offs between technical perfor-
mance and social impacts [71], and impacts on stakeholders [72].

SIEA can be used to reveal these trade-offs through the asso-
ciated Impact Priority Numbers. These can be identified by look-
ing at the relationship between primary impacts and secondary
impacts, or by looking at paired positive and negative impacts.
The IPNs also give designers a way to look at the relationships
between impacts, product attributes, and stakeholders. One way
of visualizing these tradeoffs is by organizing them into a matrix
showing which product attributes relate to which impacts [73]
Another method for identifying trade-offs is sorting the tables by
category, stakeholder, or product attribute.

4.13 Benefits of Differences from FMEA

SIEA borrows aspects of FMEA that are attractive for ana-
lyzing the social impact of engineered products such as a struc-
tured methodical approach and qualitative rankings that allow for
the comparison of impacts. Several aspects of FMEA, however,
limit its potential for use in social impact assesment. SIEA im-
proves upon FMEA by handling impact differences for multiple
stakeholders and for considering social impacts from a broader
range of categories. SIEA also can handle both continuous and
discrete impacts as well as positive and negative impacts.

5 Discussion and Concluding Remarks

SIEA improves on the ability of current methods used in en-
gineering to analyze social impact by handling impacts from a
wide range of social impact categories, with different effects on
stakeholders, both positive and negative, continuous and discrete,
and with varying degrees of uncertainty. These characteristics
combined with the methodical approach of SIEA make SIEA us-
able to engineers with little social impact experience [4].

SIEA also aims to increase the usability of social impact
analysis by using a systematic approach that connects impacts
to product attributes and. Additionally, using a method similar to
current practices and avoiding unnecessary complexity will help
increase implementation and adoption [74]. SIEA is also an at-
tractive method because the qualitative approach borrowed from
FMEA is less costly and thus more likely to be implemented
then other social impact assessment methods that require large
amounts of data [75].

Future work includes additional experiments to verify and
quantify the ability of SIEA to help designers in these areas. Po-
tential metrics to demonstrate the effectiveness of FMEA include
measuring the quantity, variety, and novelty of social impacts
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considered by SIEA and comparing the results to other design
methods and social impact analysis methods.

Other opportunities to build upon the contributions of SIEA
include creating a list of common social impacts to aide designers
in considering a larger quantity of impacts from a wider range of
social impact categories. Developing supplementary educational
materials such as SIEA templates, presentations, and tutorials to
aid with the implementation of SIEA also has the potential to
increase the usability and effectiveness of SIEA.

In conclusion, SIEA has potential as a tool for helping de-
signers consider the social impact of their products. It combines
desirable features of FMEA that contribute to the wide use of
FMEA in engineering industry and academia with the ability to
better handle the complex nature of social impacts. The authors
hope that these attributes will make social impact analysis more
accessible and effective to aid in the development of products
with improved social impact.
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