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ABSTRACT

Though academic research for identifying and considering
the social impact of products is emerging, the actual use of these
processes in industry is undeclared in the literature. The gap be-
tween academic research and the industry adoption of these the-
ories and methodologies can have real consequences. This paper
explores current practices in industry that design engineers use
to consider the social impact of products during the customer use
stage. 30 people from nineteen different companies were inter-
viewed to discover what disconnects exist between academia and
industry when considering a product’s social impact. Although
social impact assessments (SIA) and social life cycle assessments
(SLCA) are two of the most common evaluative processes dis-
cussed in the literature, not a single company interviewed used
either of these processes despite affirming that they do consider
social impact in product design. Predictive processes were dis-
cussed by the respondents that tended to be developed within the
company and often related to government regulations.
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1 INTRODUCTION

Literature and historic research show a long tradition of an-
alyzing the economic and environmental impacts of designed
products, yet there is a lack of data and resources related to so-
cial sustainability — a pattern within the engineering field that
does not need to be continued [1]. Engineers stand in position
to pioneer best practices in accounting for a holistic view of sus-
tainability, where “Sustainability Engineering is poised to propel
the industry into a future that combines permanence, profitabil-
ity, as well as livability” [2]. As engineers design with all aspects
of sustainability in mind, they are likely to create effective and
desirable products while also influencing the worlds economic
standing, environmental state, and social wellbeing. Though de-
signing engineered products and systems from a social wellbeing
perspective is an emerging topic in literature, this paper seeks to
understand to what extent designing for social impact is found in
industry. The goal is to understand how those who design prod-
ucts consider the impacts of those products, therefore the terms
engineer and designer will mean those who have a significant
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role in defining and designing a product, structure, or industrial
process.

Overview of Sustainability

As defined by the 1987 Brundtland report, sustainable devel-
opment is ’to ensure that it meets the needs of the present without
compromising the ability of future generations to meet their own
needs” [4]. In many cases this has been broken into the three
pillars of sustainability which are economic, environmental, and
social impacts [6,7]. By empirically researching how engineers
and designers consider this concept, the benefits of sustainability
can be increased as a better understanding of the functionality of
sustainable design is defined.

Assessing the Social Impact of Products

Social impact refers to the effect that an engineered product
has “on the day-to-day quality of life of persons” [5]. Specif-
ically, the research of this project centralizes on the social im-
pacts identifiable at the product use level. Beyond the scope of
this study is the social impact an organization produces through-
out the supply-chain of a given product or the programs instituted
for community outreach.

This understanding of social impact establishes the purpose
of this study, which is to determine the current standing of social
impact design and assessment within the engineering and prod-
uct design sector. To address this subject, work conducted by an
interdisciplinary team of researchers from the Mechanical En-
gineering and Social Science disciplines provide initial findings
on the current practices of engineers in product design for so-
cial impact through the use of industry interviews. While social
sustainability research may be lagging behind economic and en-
vironmental sustainability, current practices within the engineer-
ing field can prove that social sustainability is being increasingly
accounted for.

2 LITERATURE REVIEW

Recent work by the authors seeks to develop a holistic pic-
ture of what the current state of social impact is for product de-
sign. A three tier approach has been implemented to gain a wide
breadth of understanding on this topic. These tiers include a re-
view of 1) the literature [8], 2) products in use [9], and now 3)
industry practices. Understanding current industry practices is
particularly interesting because there are likely differences be-
tween what is published by academics and what practicing engi-
neers actually do [10]. To this end, the current paper is one step
towards understanding the gap between academic literature and
industry practice.

2.1 Engineering Design & Social Impact in Academia

The literature provides processes and methods to engineers
and other stakeholders to use for evaluating the social impact
of their products. This includes methods such as Social Impact
Assessments (SIA) [11,12], as well as Social Life-Cycle Assess-
ments (SLCA) [13, 14,15, 16]. The challenge may be in the us-
ability of these processes [17]. Concerns have risen that social
sustainability is not given as high a priority as economic and en-
vironmental sustainability [18]. An additional concern is that
most measurements are not comparable across products. Work
has been done towards developing metrics that may show quan-
tifiable insights regardless of the product type or industry [19].
Others have become concerned with tools relying too heavily on
biases and that systematic errors may be influencing the accuracy
of these methods [20]. Some methods show promise but may be
limited in scope to just the manufacturing and supply chain of
products [21].

Less discussed in literature are methods for predicting social
impact in early design stages. The processes that do exist focus
on full sustainability, which includes not only social impacts, but
economic and environmental as well [22,23]. Even these contri-
butions acknowledge the need to improve design tools for social
impacts.

While most methods seek to characterize the impact a prod-
uct has had from gathering historical data of the product in use,
there are very few tools available to assist in predicting impacts
and informing engineers/stakeholders before production. The lit-
erature in this area may not be as developed as other disciplines
in engineering, but some resources are available to practicing en-
gineers if they desire it.

2.2 Social Impact in Industry

Only a few have published details regarding the penetration
of these social impact processes into industry. Garay and Font
show that social responsibility is becoming more important in
today’s business environment, but many say budget constraints
appear to prevent them from participating fully [24]. Jgrgensen
et al. looked at the feasibility of SLCA from a company’s per-
spective showing that companies lacked a “resource-efficient”
process that could look solely at the use stage of their products.
Short et al. found that companies in Europe show great interest
in designing for sustainability but lack the knowledge of how to
best implement it [25].

3 METHODOLOGY

Aligning with the goal to gain a deeper empirical under-
standing of the role social impact takes within the sphere of prod-
uct design, empirical studies were conducted that utilized social
science research methods to collect and analyze data on products
created within the engineering sector.
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3.1 Experiment Design

Our empirical studies center on interviews conducted with
30 professionals who design products in various industries within
the United States. The extent to which engineers and prod-
uct designers considered social impacts in the design process,
which social impacts they considered, and whether they have
procedures in places for measuring and evaluating social im-
pacts among end users constituted the initial themes of the in-
terviews. Prior to the interviews, the following hypotheses were
constructed:

1. Companies do not have processes in place to consider the
social impacts of the engineered products they design.

2. Engineers only consider social impacts that have a direct
negative health and safety impact.

3. Engineers have little to no tools to measure the social impact
of their designs.

4. If there are tools available, they are only for measuring very
specific impact types.

The use of in-depth interviews was employed as the pre-
ferred research method for testing these hypotheses [26]. As is
common within qualitative research, the use of typical case sam-
pling was employed when creating the sampling frame of the
study [27]. With this type of purposive sampling, emphasis was
given on treating each interview as a unique case that informs
the ultimate research questions [28]. Direct effort was given to
find cases that represented various sectors, company sizes, and
industries among the organizations contacted and selected for an
interview.

A variety of organizations fall within the product engineer-
ing and design sector, of which our research is interested in. In
order to represent this variety, special attention was given to iden-
tifying specific organizations from a wide variety of industries.
Included among the companies contacted were organizations that
produce products related to the following industries: construc-
tion, consumer products, defense, infrastructure, manufacturing,
medical, mining, transport, and water.

Though random sampling was not employed within the con-
text of this study, the practices of generalization is not beyond
the scope of the project. Just as is best practice within qualita-
tive research, findings can lead to logical rather than statistical
generalization [29]. It is assumed that the cases and individuals
presented within this study are typical of engineers and designers
throughout the sector and their shared experiences are valuable
contributions to the ongoing conversation centralized on the role
social impact assessment plays within the field of product design.

While 15 of the 20 companies identified for interviewing
were local, being located within one hundred miles of Provo,
Utah, a conscious effort to provide for national perspectives was
maintained. In order for more national representation, the use of
phone interviews was established.

3.2 Procedure

Each interview, whether conducted locally or remotely, was
directed by the use of a set interview guide. Emphasized in the
interview guide were specified subtopics that addressed each re-
search question and tested the aforementioned hypotheses. The
two conductors of the interviews were encouraged to use the in-
terview guide not as a ridged lineup of questions but rather as
a tool to direct the conversation. Though the order of subtopics
and connected questions were left to be decided upon by the in-
terviewer, stress was given to address each point at some point
throughout the interview in order to maintain consistency across
the interviews.

Interview questions were formatted in such a way as to in-
clude open-ended questions about how individual engineers and
the organizations they have worked for navigated considering,
designing for, and assessing social impact. In particular, open-
ended questions were presented that required the interviewee to
consider if their product influenced such social impact categories
as: population change; family; gender; education; stratification;
employment; health, safety, and wellbeing; civil rights; networks
and communication; conflict and crime; and cultural identity and
heritage [8].

Once the interviews were conducted, transcription of each
interview was completed by both interviewers as well as through
outsourcing to a transcription company. After the transcription
process was finalized for each of the interviews, the two inter-
viewers began the coding process [30].

Initial coding of each interview followed an open coding
method. Here, various themes began to surface in relation to the
already established research questions and hypotheses. The re-
searchers encouraged findings to emerge from the coding process
itself rather than code strictly to prior-identified themes. This left
the process open to unexpected findings and themes. Once re-
peated themes were initially identified from the open coding pro-
cess, the researchers began employing the axial coding method
to better define the emerging themes [31].

The final method used during this step of the procedure was
selective coding [32]. To avoid bias, two researcher coded each
interview looking for separate sets of codes. Throughout each in-
terview the main distinguishable themes apparent from the pre-
vious two coding steps allowed the researchers to focus in on
concepts and findings tailored to the research [33]. In connec-
tion with the selective coding process, specific effort was directed
towards identifying strong examples for select themes that effec-
tively represented the findings of the research.

4 RESULTS & DISCUSSION

30 interviews were conducted over the course of six months
and were then analyzed according the proposed methodology.
Figure 1 shows demographics for individual respondents while
Figure 2 shows information for their companies. This sample of
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FIGURE 1: Demographics of individual respondents

30 individuals represents a diverse set of professionals/industries
and is adequate to begin testing our hypotheses.

The following sections are segmented by each hypothesis
with an accompanying section for the results related to that hy-
pothesis. Immediately following the results is a brief discus-
sion for each hypothesis regarding the findings with observations
from the interviews.

Hypothesis 1
Results:  This hypothesis states that "Companies do not
have processes in place to consider the social impacts of their
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FIGURE 2: Demographics of representative companies

products”. Counter to the initial hypothesis, 96.6% of the in-
terview respondents answered affirmatively when asked if they
consider the social impacts their products will have when de-
signing them. It turns out the majority of companies interviewed
do have some processes in place to consider the social impact of
their products.

Discussion: This is overwhelming evidence showing that
the hypothesis is proven false. The nature of this question re-
quired a binary response of if the company does or does not have
at least one process to consider social impact. That is to say,
96.6% of the respondents consider social impact at least to some
extent while it will be shown in further discussions that simply
the existence of a process does not always equate to a rigorous
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consideration of social impact.

Despite varying levels of consideration, the fact that nearly
all respondents are concerned about the social impacts of their
products is very promising. The field will most likely only be-
come more centralized as corporations, stakeholders, and con-
sumers begin to demand socially responsible practices. A further
discussion of the types of processes used by these companies is
found in section 4

Hypothesis 2

Results:  An extension of hypothesis 1 is that if social im-
pacts are considered, it is only those that have a direct health
or safety impact. This second hypothesis allows a deeper anal-
ysis of the interviews and shows to what extent the full breadth
of social impact is being considered. When asked what impacts
they considered, respondents would offer several different cate-
gories from a list of options provided. Every respondent identi-
fied at least two separate impact categories while most respon-
dents identified more. Despite bringing up many different types
of impacts, however, the general focus of their conversation re-
mained on health and safety.

Impact Categories
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FIGURE 3: Percent of social impact considerations in each cate-
gory

Figure 3 depicts, by word count, the amount each impact
category was discussed as a percentage of all impact category
discussions. This figure reveals that 36.7% of social impact cat-
egory conversations were focused on health and safety, with the
next most talked about topic being employment at 11.1%. Mean-
ing that respondents are almost three times more likely to talk
about the health and safety impacts of their products over any
other impact the product may have.

When the data behind Figure 3 is explored more deeply, a
disconnect begins to appear between front-line engineers, engi-
neering managers, and executives. The data as shown in Figure

4, shows that executives spent more of their conversations dis-
using other impacts instead of focusing so heavily on health and
safety. Please note that the sample size for each subgroup is very
small with only 5 executives being represented (refer to Figure
1). The standard deviation of the data when filtered for the re-
sponses of executives only (Fig 4a) is 4.9%. Conversely, the
engineer appears to more heavily emphasize health and safety
considerations. The standard deviation for data relating to the
engineers (Fig 4¢) is 14.3%. The response for managers appears
to be a mix of both engineers and executives, not as irregular as
the engineers, but also not as consistent as the executives. The
standard deviation for manager’s data (Fig 4b) is 10.1%. Fig-
ure 5 plots the standard deviation of the data for each position
mentioned above.

Discussion: An under-emphasis on impacts outside of
health and safety could be occurring because these impacts are
perhaps more recognizable than any other, or that the engineer-
ing tools to consider it are well developed. Respondents agreed
that impacts regarding health and safety are regulated by govern-
ments and industry standards more heavily than any other cate-
gory, which may have an impact on a company’s responsibility
to consider it. Additionally, the role of a professional engineer is
often to ensure the designs for products, systems, and structures
are safe and may cause other impacts to be under emphasized.

Regardless of why responses focused on health and safety,
nearly all products have far more impacts than this. For example,
the impact of home appliances on gender stereotypes and fam-
ily relationships is well documented [8]. Home appliances such
as electric irons, gas-powered ovens, and washing machines can
have serious safety implications if carelessly designed, but tools
and discussions to help consider impacts on gender stereotypes
and family relationships may have helped discover alternative de-
signs as well. Additional processes need to be developed in order
to bring more balance to the under-served categories, such as ed-
ucation or conflict & crime. This may help engineers understand
the full scope of possible impacts their product may have.

Executives tend to have a more holistic view of what im-
pacts are important to their company with a standard deviation
almost a third of the size of the engineers data. The disconnect
between upper level management and their engineers is evident
in the data. The hierarchical structure that is commonplace in
many well-established companies appears to dilute the vision and
goals by the time it reaches the engineers. Removing the health
and safety category from the engineer’s data reveals how empha-
sized it is as the standard deviation for engineers drops to 2.7% in
this scenario. Standard deviations for all three segments without
health and safety data can be found in Figure 6.

Copyright © 2018 ASME

Downloaded From: https://proceedings.asmedigitalcollection.asme.org on 03/22/2019 Terms of Use: http://www.asme.org/about-asme/terms-of-use



60% 60%

50% 50%
40% 40% 1

30%

Noow
22
EES

20%

Percent of Discussion
Percent of Discussion

10%

0%

& . & N & D & ¢ & ROIE SN ESTRIRG ¢ & & R < PO N o ¢ .
‘Q;@\ c}‘& S \)oq}\o \\q, Q%@ & 6'§b é?}\ Q@\% ,@é\ N \Q}Q < (P\\o *&a Q%@ & %&0 (\0\\ o“é\q«\ fo - S c}‘@ e?’(\\\ de\o \\@e, ‘ & 0@(\6 %xe (\0,0\\ o“&x\ d/>‘\°
N R AR N & ¥ > & &0 CEPNN A O S RO SN S
o & ¢ <« ;S ° O ¢ <« S & & O ¢ < ;&

& S S & L ¢ @ RO
& & &
& & <&
(a) Executives (b) Managers (c) Engineers
FIGURE 4: Percent of social impact considerations segmented by job title
Standard Deviation for Standard Deviation for
Company Position Data Company Position Data
149 149, (without Health and Safety data)
b
12% 12%

§ 10% 5 10%

5 g

8 8% 3 8%

T =

§ 6% g 6%

(o] c

n 4% % 4%

2% 2%
0% 0%
Executives Managers Engineers Executives Managers Engineers

FIGURE 5: Standard deviation for data on impact consideration,
for three separate positions in a company

Hypothesis 3

Results  This hypothesis states that engineers have little to
no tools to measure the social impact of their designs. All the
processes discussed were categorized as either “measurable” or
“non-measurable”. If the process had a clear quantifiable value
as an output then it was considered measurable. Figure 7 shows
the proportion of measurable to non-measurable processes dis-
cussed by the respondents.

78.1% of the discussion on processes were regarding un-
quantifiable processes. Most common among those that were
measurable was Design Failure Modes and Effects Analysis
(DFMEA) which is a common tool to consider the safety of a
given product.

Discussion This furthers the dialog that engineers have in-
sufficient means to understand and predict the impacts of their
products. In most cases, the non-measurable processes required
a large amount of intuition in order to determine if the breadth
and depth of the impact consideration was sufficient.

FIGURE 6: Standard deviation for data on impact consideration
with the health and safety data removed, for three separate posi-
tions in a company

Hypothesis 4

Results This hypothesis was stated as “There are only spe-
cialized measurement tools for very specific impacts”. While
many respondents showed great enthusiasm for the types of so-
cial impact they consider, the data uncovers a surprising lack of
coverage with their processes. Figure 8 shows that the major-
ity of conversations about what specific processes were used re-
sulted in a discussion regarding a lack of processes. “Lack of
Process” took up 56.4% of the discussion with industry specific
processes taking 26.1%. “Industry Specific” processes are ones
that are considered too specialized to be useful outside of that
industry. Checklists and DFMEA may be industry agnostic, but
they combine for only 13.4% of the processes discussed. Most
checklists were developed within the company to ensure compli-
ance with government regulations.

Discussion This confirms hypothesis 4 as the majority of
processes discussed are only usable in the respondent’s specific
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surable

industry. Additionally, while checklists and design failure modes
and effects analysis (DFMEA) are also used, only DFMEA ar-
rives at a quantifiable value potentially useful in cross prod-
uct/industry comparison. Even some of the most common social
impact processes found in literature (SIA, SLCA) are not found
among the list practices currently applied to products in industry.

This is a common problem for those desiring to quantify
social impacts. To relate this to other pillars of sustainability,
there are no measurements for social issues similar to dollars for
economic issues, or CO, emissions in environmental impacts.
Whether a measure such as this is desirable or useful for social
impact is beyond the scope of the current paper. The lack of
a widely accepted measurement causes difficulty in comparing
true impact of a product both positively and negatively.

The difference between predictive and evaluative processes
was an important distinction for the interviews. Predictive pro-
cesses were generally specific to an industry and had little value
in comparison across different industries or even across different
products within an industry. The exception to this was DFMEA
which has been used extensively in design activities for years.

5 CONCLUSION

Current social and political trends may be causing more in-
dividuals to care about the social impacts of products, services,
and regulations. Despite this, engineers appear to lack the neces-
sary tools to consider the breadth and depth of possible impacts
relating to their products. This is true in two ways; 1) design
engineers do not equally consider the whole spectrum of impacts
that their product could potentially have, and 2) the tools nec-
essary to quantify the level of impact a product has are either
non-existent or severely underdeveloped across industries.

Further research should be pursued to confirm these results
with a larger set of companies. Additionally, steps should be
taken to make processes designed for assisting engineers in this
manner should be made more readily available to engineers in
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FIGURE 8: Proportion of conversation time spent on social im-
pact processes

industry. If they are available, and engineers choose not to adopt,
then the process should be altered to be more efficient and easy
to use.

From these interviews it appears that intuition is the basis
for most social impact related decisions. This may explain why
engineering projects for the developing world have difficulty, the
engineers may be relying on intuition for a context they have lit-
tle, if any, experience with. Progress can be accelerated as proper
tools and measurements are developed and made available to en-
gineers in industry and not just in academia. While it may be true
that sophisticated processes exist to help engineers consider the
breadth and depth of their products impacts, we may be skeptical
as to how widely spread these processes are for practicing engi-
neers. Even if there are a handful of companies out there with
these processes in place, these interviews indicate that the major-
ity of organizations likely have a desire to consider social impact
more fully, but lack the necessary tools to do so in a rigorous
manner.
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