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U
nemployment in the petroleum industry is a
complex issue with social implications, such as
unemployment, poverty, and economic depri-

vation. With the industry supporting 9 million jobs
within the United States alone, it can have far reach-
ing impacts for the whole economy. Approaching this
issue from a Transdisciplinary perspective, allows for
an inherently holistic view of both the problem and
solution spaces.
Keywords: Petroleum Industry, Transdisciplinary,
Unemployment.

1 Introduction

The petroleum industry, often referred to as the oil
and gas industry, is present in all fifty states and ac-
counts for a large share the United States (U.S.) work
force and gross domestic product (GDP). When dis-
cussing the petroleum industry, this includes explo-
ration, extraction, refining, transport, and marketing
for petroleum products. According the American
Petroleum Institute, in 2011, the petroleum industry

employed 5.6 percent of the United States workforce,
and accounted for 8 percent of the national GDP [1].
With such strong ties to the United States economy,
a large change in the employment rate for petroleum
industry has the ability to impact the overall United
States unemployment rate. If the petroleum indus-
try was stable, this might not be of much concern,
but history has shown it to be a cyclic industry.

Looking at the extraction area of the petroleum
industry alone, it is easy to see the impact of these
cyclic swings. At its height in 1981, oil and gas
extraction accounted for 4.3 percent of the United
States GDP, but by 1999 had declined to a mere 0.6
percent [2]. In 2011, when new advances led to the
shale boom, it rose to 1.6 percent of the GDP, but
dropped to only 172,400 individuals (0.1 percent of
the work force) by the end of 2016 [3].

While the petroleum industry has historically ex-
perienced cyclic boom and bust swings, overall it
has been slowly declining. This all results in in-
creased unemployment within the United States.
An economy with a high unemployment rate is typ-
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ically in a recession, and is not considered healthy.
A 2014 Gallup poll found unemployment was the
number one concern amongst the U.S population
[4]. Unemployment is a problem that can have far
reaching effects for any society including poverty
and economic deprivation. Studies have found that
unemployment can have effects at the individual and
community levels. An individual may suffer from not
only poverty, but also mental and physical health
issues, including depression and increased mortality,
and even detrimental changes to family relationships
[5]. Given the known negative effects of unemploy-
ment for both the individual and the economy as a
whole, unemployment is a metric many governments
track and try to influence.

2 Transdisciplinary Approach

There exist several tools in the current workspace of
large scale or complex problem solving, specifically
designed to enhance the value of, and reduce the time
synthesizing, the potential solution set for resolving
complex and large scale problems. The strategies
which see the most widespread use in this space
today include the multidisciplinary approach, the
interdisciplinary approach, and the transdisciplinary
approach. More commonly used in engineering en-
vironments today is that of the multidisciplinary
approach. In this approach, experts within singular
domains come together in a working group, with
the goal to come up with an approach to under-
standing, handling, or solving a complex issue. The
key to keeping this multidisciplinary lies in the way
that the experts, with the domain knowledge of the
respective fields involved, confront the issues. In a
multidisciplinary environment, team members utilize
their skillsets autonomously as a means to come up
with domain specific solutions. Once results for each
respective expert have been found, the synthesis of
the solution space occurs when all experts come to-
gether with their individual ideas to share, and find
out if there are contradictory findings. While this
method has been adapted for use, with the intent
to greatly accelerate learning in developing areas,
where traditional methods for educational divesti-
ture of knowledge still use frame works devised in
previous era’s solely due to the previously isolated
nature of such locations [6], the process involved
for multidisciplinary discussion becomes increasingly
bogged down through multiple iterations during the

synthesis phase. When domain knowledge experts
come together with their isolated solutions, the dis-
covery of contradictory evidence leads to iterative
isolated recursions through the multidisciplinary pro-
cess, meeting and evaluating until a solution is finally
arrived at. While this specific methodology works
in a modern day, highly evaluative environment [7],
the impact on synthesis when bound by time be-
comes an increasingly glaring problem that has to
be accounted for.

The second commonly used strategy, interdisci-
plinary evaluation, seeks to bypass the issue of iter-
ative group comparison from single knowledge ex-
perts meeting to find contradictory results by im-
plementing collaborative approaches for the synthe-
sis of problem areas. Interdisciplinary approaches
within academia have seen rapid success in tunneling
through the artificial constraints that a standard mul-
tidisciplinary approach has inherent within its own
structure [8]. While both multidisciplinary and in-
terdisciplinary approaches have applicability within
their academic fields of study, the application of
these processes to real world issues, with temporal,
fiscal, and political restraints are less than optimal.

The transdisciplinary approach presents as a
method to integrate both classically trained, educa-
tion based subject matter experts along with exter-
nally knowledgeable experts. This approach allows
for the mapping of the transdisciplinary framework
onto problems with effects found in both civil and
academic areas, with specificity in the domain, where
those areas transcend their boundaries and intermin-
gle. When transdisciplinary tools are utilized in this
manner, the benefits of having both academically
collaborative research, as well as industry specific
expertise allow the synthesis of the potential solution
set to occur more rapidly, with more robust solutions
[9]. Based on this, the transdisciplinary approach
is the selected approach for evaluating the factors
involved in unemployment within the U.S Petroleum
industry.

3 Influential Factors

There are a number of factors which can impact un-
employment in the petroleum industry. The basis of
evaluation for which, will review the key elements of
the process involved in performing Transdisciplinary
research. Namely, that there are three primary
phases: Phase 1 – Team Building and Collective

Transdisciplinary Journal of Engineering & Science
ISSN: 1949-0569 online

Vol. 8, pp. 83-102, 2017



Christopher Kreger, Daniel Moran, and Stacie Thersons
A Transdisciplinary Approach to Unemployment In the United States’ Petroleum Industry 85

Figure 1: Transdisciplinary research process flow [10].

Understanding of the Problem, Phase 2 – Devel-
opment of Transdisciplinary (TD) Collective Intel-
ligence and Phase 3 – Knowledge Integration and
Transdisciplinary Assessment (See Figure 1). In Sec-
tion 3, we focus on Phase 1 of the transdisciplinary
Research Process while detailing the interactions
within the “Professional Practice” domain through
the use of the Kano style survey. In this phase of
the research, our team touches on the concepts of
Interactive Management, Collective Intelligence and
the use of TD Generic Tools (e.g., Nominal Group
Technique (NGT)). The use of each of these three
aspects of the Transdisciplinary Methodology useful
for Societal Problem Solving (SPS) offers the best
opportunity for positive results from the research
efforts.

An Interactive Management Workshop was con-
ducted in order to engage in team building activi-
ties and come to a collective understanding of the
problem. The Interactive Management Workshop
included members of the research team, education
professionals, working professionals, and researchers
in related fields. This group conducted brainstorm-
ing activities and documented the possible factors
for unemployment in the petroleum industry in the
U.S., as a first step to model the relationships of
these factors.

As the research team had decided to utilize Inter-
pretive Structural Modeling (See Section 4 below)
for further evaluation of the factors, it followed that
the Nominal Group Technique (NGT) would be an
appropriate method to generate ideas for defining a
set of factors for the research. The five basic steps
of the NGT process are given as:

1. Clarification of a trigger question,

2. Silent generation of ideas in writing by each
group members,

3. roundrobin recording of the ideas,

4. Ongoing discussion of each idea for clarification
and editing, and,

5. Voting to obtain a preliminary ranking of the
ideas in terms of significance [10].

As the original list of potential factors was de-
veloped, it included the following loosely defined
and ill organized set of ideas regarding the potential
factors for unemployment in the Petroleum Indus-
try: availability of new fields for exploration, the
emergence of new technology (e.g., fracking), issues
with lease/land Management agreements between
companies and land owners, the market share & com-
peting technologies, the effect of green energy, the
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impact of the coal industry, job market consistency
for individuals, profit margins for oil & gas compa-
nies, the price of oil, international supply/demand
of petroleum, Organization of the Petroleum Ex-
porting Countries (OPEC) output rates, interna-
tional demand, exploration and production costs,
automation technology, research and development
(R&D) activity levels, front end engineering design
(FEED) activity levels, policy & regulations over the
petroleum industry, export tariffs, domestic social
issues, environmental concerns, individual employee
adaptability (such as personal willingness to relo-
cate/move family), and education levels/skill levels.

Although the initial efforts of the Transdisciplinary
(TD) team brought about good discussion, the team
needed guidance from subject matter experts in the
petroleum industry. As part of a complete TD Team,
the Issue experts were need to augment the individ-
uals which already covered the structural modelers
and stakeholders. The TD team reached out to an
expert in the Petroleum Industry that could help
guide the TD Team in reducing the initial list and
preparing for a larger engagement with additional
subject matter experts in the petroleum industry.

As a result of the involvement of a 38-year veteran
and former Vice President within the Petroleum In-
dustry, a reduced and more concise list of potential
factors was created. The list included Cost of La-
bor and Benefits (Taxes, Insurance, Pension, etc.),
Social Issues (e.g., Climate Change Activism), Indi-
vidual Employee’s Education/Tradecraft Skill Level,
Regional Job Market Competition in the Energy
Sector (Wind, Solar, Coal, etc.), U.S. Regulations
(EPA, OSHA, FERC, etc.), Lease Operating Ex-
penses, Price of Oil, International Tariffs on U.S. Oil
& Gas Exports, Increase in the Use of Automation
Technology, OPEC production and output amounts,
International Political Climate and Stability, Indi-
vidual Employee’s Adaptability (e.g., willingness to
relocate), and U.S. Import/Export Tariffs.

This resulting list of factors (above) became the
basis for a formal Kano Survey (shown in in Ap-
pendix A). This survey was sent to more than fifteen
(15) subject matter experts that serve as decision
makers in the Petroleum Industry. The Kano Survey
was utilized as a mechanism to reach out to Issue
Experts and devise a final list of factors potentially
linked to unemployment in the Petroleum Industry
from which the TD Team could move to Phase II and
Phase III of the Transdisciplinary Research Process

(see Figure 1 [10]). The Kano Survey questionnaire,
Kano Survey results and Kano Survey evaluation ta-
ble performed for this project are found as part of the
Appendix in Figures A-1, A-2 and A-3 respectively.

As a result of the inputs received from Issue Ex-
perts and the Kano survey, the list of factors was
reduced to eight (8) for further research. These
top eight factors included Lease Operating Ex-
penses, Cost of Labor and Benefits (Taxes, Insurance,
Pension, etc.), Increase in the Use of Automation
Technology, Price of Oil, International Tariffs on
U.S. Oil & Gas Exports, U.S. Regulations (EPA,
OSHA, FERC, etc.), Individual Employee’s Educa-
tion/Tradecraft Skill Level, and OPEC production
and output amounts. Social Issues, although not
identified by the experts in the Kano survey as a
“must” for being included as part of the research, was
maintained as a factor for additional research based
on the input from the entire TD team. Furthermore,
the OPEC production and output amounts factor is
consolidated into the “Price of Oil” factor based on
Issue Expert notations and inputs upon review of
the Kano survey results.

The following section will discuss these eight fac-
tors in more detail so that the interactions between
the factors are better understood in an effort to apply
Interpretive Structural Modeling (ISM) techniques.
Beyond defining each factor, the magnitude of each
factor’s impact is discussed as well as if and how it
impacts the other influential factors.

3.1 Automation Technology Increases

Lease operating expenses, or LOE, are highly com-
mon within the petroleum industry. Costs such as
these are considered upstream costs, which oil and
gas companies lump in with capital costs. LOE costs
are largely affected by the cost of production and
maintenance per location, and in some cases can act
as one of the precursor cost evaluation objects that
lend weight to decisions on whether to begin operat-
ing, or retain, shutter, or outright eliminate existing
operations. A study [11] performed by The Energy
Industry Administration (EIA), found that LOE had
a large impact on the viability of sites for petroleum
related production. One specific evaluation used as a
litmus for this estimation, is the Eagle Ford Region,
an onshore play (land based oil rich area) located in
Texas. Typical LOE costs include rig related costs;
that is, costs directly affected by rig day rates, mud
use, the cost of fuel, the cost of land, all of which
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Figure 2: Eagle Ford Capex Breakdown [11].

are directly related to larger market conditions, as
well as total drilling activity.

These costs are separate from other factors, such
as casing, and drilling and well design and implemen-
tation costs. The total combined cost of the Eagle
Ford Capex (EFC) Location can be found here, in
Figure 2 [11]. From the entirety of these costs, the
EFC LOE represents 12-19% of total capital oper-
ating expenses. These expenses, are very inelastic,
in comparison to market pricing of petrol products,
making the highly rigid LOE costs very sensitive to
market fluctuation. One additional factor for con-
sideration, with regard to automation technology
increases is the pool of adequately skilled, educated
labor. With factors such as globalization, and tech-
nological increases, coupled with current corporate
trends to shed ancillary business functions down to
core competencies, while outsourcing or even eschew-
ing support services, the labor pool for support of
automated processes is increasingly growing more
homogenized, with a recognizeable gap [12] between
the skilled and unskilled labor in the same skein of
services, all of which works towards driving the cost,
and need, for automation skills, automated labor,
and automated solutions.

3.2 Operating Costs – Lease

Labor and benefits, as they pertain to the oil and gas
industry, are being defined specifically as the cost of
operation and maintenance of benefits for individuals
employed directly within the industry, including indi-
viduals such as roustabouts, field workers, inspection
engineers, and component production specialists, as
well as support positions, like secondary or tertiary

levels of support personnel, such as oil and gas com-
pany overhead. Based on an EIA study in 2016 [11],
The price of oil, has a direct impact on the ability of
oil industry companies to retain skilled labor, even
when long term strategies rely on operating at a loss
just to retain knowledgeable experts. Additionally,
Federal regulations from agencies like Occupational
Safety and Health Administration (OSHA) as well as
the Environmental Protection Agency (EPA) have a
direct impact on the cost viability and base ability of
companies, especially during times of loss retention
operations. EPA Studies [13], directed at cost op-
tions as they pertain to the benefits incurred solely
based on U.S. methane production, show that the
cost of coming into compliance with existent regu-
lation alone will grow by upwards of 100% by 2025,
not accounting for new and additionally proposed, as
yet unseen regulations. Based on this, the operating
cost of labor/benefits are both heavily affected by
existing and proposed regulation, as well as the price
of oil.

3.3 Operating Costs – Labor and Benefits

The growth in recent years of both software based
and software controlled automation has been a boon
for the oil and gas industry. The ability to remotely
or autonomously regulate both equipment and facili-
ties has had a dramatic impact in multiple sectors of
the oil and gas industry [14]. Specifically, the replace-
ment of onsite, low skilled labor with automation
technology has allowed companies to defray costs typ-
ically set aside for liability and health benefits into
the hiring of higher skilled labor and autonomous
systems. The factors impacting labor are complex,
as the replacement of lower skilled labor has been re-
placed by higher skilled labor with different skillsets
and compensation expectations. Additionally, as
noted in the labor analysis, the intentional retention
of this class of skilled labor can incur costs when
companies operate at a loss. Regulation of personnel,
as well as the expense involved with lease operating
costs, specifically as they pertain to day to day tasks,
will both also play a heavy role on the amount of
gains seen in the automation portion of the oil and
gas sector.

3.4 International Tariffs on Exports

A tariff, by definition, is a tax imposed on the im-
port or export of goods and in the case the term
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international tariff refers to the taxes imposed by
other countries on petroleum products (oil and gas
specifically) that are produced in the United States
and exported to other countries for sale. The ability
to sell oil and gas overseas goes to the bottom line
profitability of Petroleum companies, as it is not al-
ways the case that an increase in a tariff rate will be
passed along to the consumers of the product in the
foreign country. Tariffs, however, work both ways
and the United States measures its trade volume in
areas of petroleum based on the term “net import”
which is the total number of imports – the total
number of exports.

“Current tariffs on oil imports range from 5.25% to
52.5% per barrel depending on the type of petroleum.
25 oil and petroleum products from certain coun-
tries are subject to duty-free treatment under several
trade agreements and preferential trade programs
enacted by Congress. The North American Free
Trade Agreement (NAFTA), the Generalized Sys-
tem of Trade Preferences (GSP), and the African
Growth and Opportunities Act (AGOA) account for
most of the foregone revenue from waived tariffs. At
2010 import levels, these and other waiver programs
accounted for about $180 million dollars in foregone
revenue, down from $215 million in 2005 when im-
port volumes were higher. In the past, an increase
in the tariff on oil has been considered a means to
provide an advantage to domestic oil producers and
reduce imports [from other countries]” [15].

Therefore, when U.S. companies get a trade ad-
vantage through tariffs, this results in increased pro-
duction in specific petroleum products as well as
an increase in the ability to expand services and
products produced in this industry, thus resulting in
impacts to the unemployment rate. Nerurkar [15],
goes on to say that “More than 60% of U.S. exports
went to countries in the Western Hemisphere, partic-
ularly to countries such as Mexico and Canada from
which the U.S. imports crude oil. Exports occur
largely as a result of commercial decisions by oil
market participants which reflect current oil market
conditions as well as past investment in refining”.
This leads to the conclusion that International Tariffs
are not a major driving factor in the unemployment
rates of the petroleum industry.

3.5 Price of Oil

As stated, earlier, based on an EIA study in 2016
[11], the price of oil, has a direct impact on the

Figure 3: Crude oil price trends - 30 year history [15].

ability of oil industry companies to retain skilled
labor and therefore is an impact to unemployment
rates. The Price of Oil as seen in Figure 3 has
fluctuated between less than $20 to as high as $160
dollars a barrel over the past thirty years.

According to one of the experts that participated
on the TD team, when oil prices are low there is an
employment ripple affect all the way up and down
the support services and product line within the
energy sector. Least affected in the recent history is
the downstream refining. Most affected by price in
the order of the employment ripple is:

• Drilling

• Drilling Support Services

• Engineering Services

• Field Development/Field Construction Ser-vices

• Production Equipment Providers

• Admin. Personnel

• Mgmt. Personnel

• Field Personnel.

Furthermore, this price of oil directly impacts the
profitability of Petroleum Industry companies and
is therefore directly linked to the central goal of the
business aspects of these companies – namely, to
make a profit for their shareholders. Following this
logic, and considering the factors that impact prof-
itability, all Operating Costs, whether Lease costs or
Labor and Benefits costs that impact profit margins
must eventually be passed along through the price
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Figure 4: Historical regulation increase within mining,
quarrying and oil and gas industry [16].

of oil in order to remain profitable. Additionally, In-
ternational Tariffs and Regulations, both come with
cost that is passed along to the company to respond
to and be able to account for the overhead of pay-
ing for experts in these areas and sort through the
legal paperwork and processes required to continue
gaining permits and conducting operations. This
cost impacts profitability and therefore the Price of
Oil. It cannot be understated, however, the numer-
ous complicating factors which impact the Price of
Oil, thereby impact profitability and subsequently
flow down to the unemployment rates within the
Petroleum Industry.

3.6 Regulations

According to data collected by the Mercatus Center
[16], three of the top ten regulatory bodies in the
U.S., which have significantly increased their number
of regulations in the last 15 years, directly influence
and oversee aspects of the Petroleum Industry: En-
vironmental Protection Agency (EPA), Operational
Safety and Health Administration (OSHA) and Fed-
eral Energy Regulatory Commission (FERC). In
fact, according to their data, of all the industries
that have seen increases in regulations over the past
fifteen years, the Mining, Quarrying and Oil & Gas
Extraction regulations have increased 185.54% be-
tween 1997 and 2012 (see Figure 4).

New regulations, bring with them the opportu-
nity for new employment opportunities at the higher
end of the professional scale, such as lawyers and
finance personnel. A higher degree of education or
longer experience within the industry is required
to fill these employment vacancies. This increased
regulation can also delay new project development

(at the front end engineering design phase and sub-
sequent exploration and development phases) as the
regulatory issues and process are worked through.
The average number of days just to obtain a permit
to drill on federal land from the Bureau of Land
Management (BLM) was 307 [17] – and this is just
one of many permits required throughout the pro-
cess as the end to end process is regulated at each
step: Leasing Land, Seismic Assessments, Site Prepa-
ration, Drilling, Well Completion, Production and
Restoration [18]. Each step is variable in timeframe,
being impacted by regulatory paperwork and over-
sight, leading to difficulty in predicting employment
needs, scheduling resources and work-loads in the
industry and impacting hiring strategies as projects
are delayed or not approved for continuation due to
regulatory oversight. New regulations continue to
increase and have a downstream impact on the unem-
ployment rates within the Petroleum industry, driven
in part by Social Issues such as Climate Change and
New Technology development (e.g., Fracking).

3.7 Employee Education and Trade Skills

Education and trade skills describe the skill set of an
individual. This skill set includes formal education,
such as public high school and college as well as
vocational schooling and skills acquired through on-
the-job experience. Education and trade skills do not
necessarily impact whether or not a petroleum job
disappears, they do impact how quickly an individual
can transition into another career or industry.

Unemployed workers whose skill set misaligns with
the demands of industry are more likely to face long
term unemployment [19]. Many of the manual labor-
ers in the oil and gas industry, who face decreasing
job security, fit into this category. Figure 5 plots the
unemployment data [20] by education level.

According to the Bureau of Labor statistics, more
than 50% of the workforce employed in oil and gas
extraction, falls into the unskilled labor category.
While many employed in the petroleum industry
are highly skilled, those skills do not necessarily
translate directly to careers in other industries [21].
For these employees, transitioning into a new career
can require years of new training.

As discussed in the section on Automation Tech-
nology Increases, jobs are being lost due to automa-
tion of tasks that where once performed by manual
labor. While many jobs are lost due to this (automa-
tion alone is expected to cut nearly 40% of the oil
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Figure 5: U.S. Unemployment by skill level [20].

drilling jobs in Texas [22]), a smaller number of new
jobs are created. These new jobs, which require a
different skill set from those that were lost, focus on
information technology used to monitor and repair
the automated technology. Employee education and
trade skills can also impact automation and technol-
ogy increases. Recent studies have noted a shortage
of skilled labor, with some skilled labor jobs going
unfilled [12]. After oil prices crashed in 2014, the in-
dustry reduced its workforce through lay-offs. Many
of the laid off employees have since found jobs with
other industries, such as the solar industry, which
offers much better stability [23]. With oil prices on
the rise and looking to ramp up, the industry is fac-
ing a shortage of skilled workers. When faced with
a labor shortage, the petroleum industry may turn
to automation, as other industries have [24] [25].

3.8 Social Issues

A social issue is an idea that influences a significant
number of individuals within society, which may have
both social and economic facets [26]. The petroleum
industry has the potential to be impacted by several
social issues:

• Environmental Pressure creating Market De-
mand for Clean Energy

• Human/Employee Rights, Environmental Pro-
tection, Transparency & Corruption issues. [27]

Considering first the social issue which is driving
demand for renewable or clean energy. Studies have
found that growth in the renewable energy sector has
very little impact on the petroleum industry. This

is because the two industries have different markets.
Oil is mainly used for transport as vehicle fuel. In
contrast, renewable energy sources are mainly used
for power production. Oil makes up less than 1

The other social issues (human rights, environ-
mental protection, and anticorruption) can have
an impact on the petroleum industry, but mostly
through the economic facets. These social issues can
lead to laws and regulations, which could then in
turn impact operating costs. An example of this
can been seen with hydraulic fracturing. Hydraulic
fracturing, or fracking, has been a practice used by
the petroleum industry since the 1960s, however it
has become a focal point of public concern recently.
Fracking has risen to the status of a social issue
as people became worried about environmental con-
tamination and public health and safety concerns.
In response to this social issue, some municipalities
have passed laws and regulations banning the prac-
tice [30]. As hydraulic fracturing currently accounts
for nearly 50% [31] of the oil produced in the U.S, it
is clear, social issue driven regulation and laws do
have the ability to impact the petroleum industry.

Social issues also have the ability to influence cor-
porate behavior, stemming from the desire to avoid
controversy. Oil drilling specifically can be the cen-
ter of social controversy due to both environmental
impacts and human safety. One response to these
social pressures has been to turn to technology and
automation. Technological advances have allowed
industry to better predict where to drill. These an-
alytical approaches allow for a better success rate
when drilling for oil. This has multiple benefits, from
reduced operating costs to fewer wells drilled, which
leads to a smaller environmental footprint and fewer
workers endangered [32].

4 Application of Interpretive
Structural Modeling

The transdisciplinary approach to large complex
problems, provides methods and tools to both un-
derstand and solve the issue. Interpretive Structural
Modeling (ISM) is a methodology for dealing with
complex problems, and it was developed by Dr. John
N. Warfield in the early 1970s. ISM leverages graph
theory, matrix theory, and mathematical logic, to
assemble the influential factors in a meaningful way
to develop a collective intelligence and solve com-
plex problems. The following section will apply the
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Figure 6: SSIM.

ISM methodology to the issue of unemployment in
the U.S. petroleum industry, and will break out the
process and results for each step.

4.1 Modeling with Matrices

Using the influential factors and Kano Survey, both
discussed in detail in Section 3, a Structural Self-
Interaction Matrix (SSIM) can be created. The
SSIM is an effective way to model the direction of
the contextual relationship between the influential
factors. Based on the influential factors discussed in
Section 3, a SSIM has been created for this complex
problem, as shown in Figure 6.

The SSIM is just the first step in modeling the
complex problem with matrices. In order to perform
mathematical operations on the SSIM, it must be
translated into a numerical format. Figure 7 shows
this translation of the SSIM into the adjacency ma-
trix.

The ISM process is based on the one-to-one corre-
spondence between the binary matrix and the graph-
ical representation of a directed network. While
a directional graph could be generated from this
adjacency matrix, it may not correspond to the tran-
sitive contextual relation [33]. To accommodate the
transitive contextual relationships, another method

must be implemented. The reachability matrix and
level partitioning are used to translate the adjacency
matrix into the final directional graph. “In graph
theory, reachability refers to the ability to get from
one vertex to another within a graph.” [34] The
reachability matrix can be obtained by adding the
identity matrix to the adjacency matrix, and then
raising the resulting matrix to successive powers un-
til no new entries are obtained [35]. Modelling the
transitivity with the reachability matrix, results in
the final reachability matrix, which is an intercon-
nect matrix, which describes a single system whose
reachability is wholly defined for the contextual re-
lationship [33].

Using the adjacency matrix in Figure 7, and ap-
plying transitivity results in the final reachability
matrix shown in Figure 8. When computing the
final reachability matrix with transitivity, driving
power and dependence factors are also calculated.
These factors will be useful during the cross-impact
analysis.

Figure 7: Adjacency matrix.

The utility of the reachability matrix is that it
can be used to develop a hierarchical restructuring
of the directional graph. To complete this, the final
reachability matrix, with transitivity must be broken
out into hieratically levels, which is accomplished
through level partitioning.
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4.2 Charting the Results

Level partitioning is used to determine the hierar-
chical structure of the relationships between the
influential factors. From the final reachability ma-
trix, a reachability set and an antecedent set are
derived for each factor, where the reachability set
consists of the factor and the factors it impacts and
the antecedent set consists of the factor and the
factors that impact it. The intersection set for each
factor, is defined as the set of factors that are present
in both the reachability set and the antecedent set.
From the structured description, partitioning is done
in a cyclical way to order the indexing of the matrix.
Following Warfield’s partitioning method, the previ-
ously developed reachability matrix, Figure 8, has
to be structurally partitioned, and can be described
as shown in Table 1.

With the level partitioning complete, the binary
relational matrix can be converted into graphical
form using the theory of directed graphs, or digraphs.
Mapping the structural partitioning into a digraph
is trivial, and the result is show in Figure 9. The
digraph is a visual representation of the influential
factors and their interdependence, with the hierar-
chical level increasing from top to bottom.

4.3 Cross-Impact Analysis

Cross-Impact Analysis (CIA) is a methodology for
determining how relationships between factors, im-
pact the resulting events. Completion the cross-
impact analysis used the dependence and driving
power factors, which were calculated for each of the
influential factors in the final reachability matrix,
previously discussed and shown in Figure 8. The
cross-impact analysis was performed using the Im-
pact Matrix Cross-Reference Multiplication Applied
to a Classification, or Matrice d’Impacts Croises-
Multiplication Appliqe an Classment (MICMAC),
which identifies the influential factors that drive the
system in various categories; autonomous factors,
dependent factors, linkage factors, and independent
factors. The result of the MICMAC analysis for
our problem, unemployment in the U.S. petroleum
industry, is shown in Figure 10.

Figure 8: Reachability matrix with transitivity.

Figure 9: Digraph.
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Table 1: Structural Partitioning

Variable Reachability Set Antecedent Set Intersection Set Level

1 Price of Oil 1 1,2,3,4,6,7 1 1

2 Operating Costs-Lease 1,2 2,4,5,7 2 2

3 Operating Costs-Labor & Benefits 1,3 3,4,5,7 3 2

4 Regulations 1,2,3,4 4,5,7,8 4 3

5 Automation Technology Increases 1,2,3,4,5,7,8 5,8 5,8 5

6 International Tariffs on Exports 1,6 6 6 2

7 Social Issues 1,2,3,4,7 5,7,8 7 4

8 Employee Education & Trade Skills 4,5,7,8 5,8 5,8 5

When assessing the results of the MICMAC analy-
sis, the factors and their potential impacts are easily
identifiable. Linkage factors which are considered
unstable as they have a strong dependence and a
strong drive are not a concern for this unemployment
problem. The dependent factors, which have a weak
drive and a strong dependence, may not be the best
choice when determining which factors to impact to
drive the desired results. For the problem, the only
dependent factor is the price of oil. The independent
factors are often called the key factors because they
impact all of the other factors, and are not impacted
by the other factors in return. From this it is clear,
that Automation Technology Increases and Social Is-
sues are the two most independent influential factors
for this problem. The rest of the influential factors
fall into the category of autonomous, meaning they
have a weak drive power and a weak dependence.

5 Design Structure Matrix

Much like ISM, and other associated tools, the design
structure matrix, or DSM, stands as an additional
invaluable transdisciplinary tool for use in the de-
construction of complex situations and problems.
Designed by Don Steward in the 1960’s, the pro-
genitor of the modern day design structure matrix
(DSM) approach to the decomposition and evalua-
tion of complex problems was that of using matrices
for the production of solution sets comprised of mul-
tiple, differently modified matrices, for analysis to
help better understand those problems. Based on
this strong foundation, DSM, when used as a tool
to evaluate complexity, evinces strong utility in the

Figure 10: MICMAC Analysis.

analysis of systems, and when used as a tool to under-
stand the connections of multiple dependent factors,
becomes a highly useful tool for project planning, as
well as for systems and project design.

The choice of using DSM to help deconstruct and
evaluate unemployment in the U.S. petroleum indus-
try is based in part on these attributes, along with
the applicability and validity of DSM as a tool within
the transdisciplinary workspace. Worth noting, too,
is DSM’s flexibility in clustering and sequencing data,
which is of great benefit when DSM is applied to-
wards identifying factors in analysis to assist in the
reduction of cost or schedule risk.
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5.1 DSM – Base Tools and Potential Usage

Design Structure Matrix (DSM) analysis starts with
the adjacency matrix, which was initially utilized for
evaluation through ISM. Additionally, the factors
chosen for inclusion are those identified in the Kano
Survey conducted for the purposes of this paper, de-
signed to identify and correlate the prevalent, impact-
ful factors on unemployment in the U.S. petroleum
industry. Techniques which can be used in the anal-
ysis of adjacency matrices, typically on larger, more
fully interdependent factors, include techniques like
the inclusion of multidomain matrices, in which two
related sets of matrix data are combined into one.
Partitioning is also a strategy typically used which
evaluating adjacency matrices. Partitioning allows
for more closely related factors within a larger pool
of factors to be evaluated together, allowing for a
better understanding of potential interdependencies.
Additional Techniques available for DSM analysis
include tearing, which allows for further analysis of
related, looped factors. The objective with tearing,
the use for which is outside the scope of the evalu-
ation of the factors identified by the Kano Survey
utilized for this paper, is to reorder coupled tasks
within the identified blocks of an adjacency matrix,
with the purpose of finding an initial ordering to
start the iteration process of breaking down, and
then reordering the factors involved [30]. Based on
the fairly straight-forward nature of the factors found
to be involved in the specific topic, the techniques in
use with the evaluation of the Kano Survey results
are limited to loop combination analysis.

5.2 DSM – Adjacency Matrix: Creation
and Population, and Manipulation

The initial adjacency matrix, identified in Figure
11, was created by populating the matrix with the
final factors identified in the associated Kano Survey
as being most impactful. The tool used to create
the diagrams included in this paper can be found at
theatlas.org (which was free and publically available
at the time of this paper’s writing).

Next, the matrix was populated with dependent
factors. Going by rows, each factor which acts upon
another received an indicator of that action in the
appropriate row / column location. The resultant ad-
jacency matrix, identified in Figure 12, was the same

Figure 11: Adjacency matrix, initial.

Figure 12: Adjacency matrix, populated.

as the one identified in the previous ISM evaluation.
Note that the design matrix used for the evaluation
of the unemployment factors does not have multiple
domain mappings, and only deals with the unitary
domain Found in the Kano Survey’s factors (Figure
12).
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Figure 13: Adjacency matrix, adjusted.

Column six is empty, so column and row six get
moved to the periphery (Figure 13). The adjusted ad-
jacency matrix, indicates coupling between Automa-
tion Technology Increases and Employee Education
and Trade Skills, (Figure 13), so these are collapsed
into one factor for further evaluation (Figure 14).
The collapsed chart indicates that the newly coupled
multi factor column is empty, so it gets moved to
the outside, which also moves the coupled row to the
bottom (Figure 15). This action also completes the
available interation with the adjacency matrix, so
we uncouple the two factors coupled for evaluation,
and identify our series and coupled factors (Figure
16).

From Figure 16, we can see with the two series,
‘Lease Operating Costs’ directly impacts ‘Price of
Oil’, and that ‘Regulations’ directly impacts ‘Operat-
ing Costs Associated with Labor and benefits’, with
additional coupling found between ‘Employee educa-
tion and trade skills’ and ‘Automation Technology
Increases’.

Figure 14: Adjacency matrix, collapsed.

Figure 15: Adjacency matrix, collapsed, updated.

5.3 DSM – Results

The final interesting factor was the looped depen-
dency between automation technology increases and
employee education and skilled labor availability.
Automation influences employee skill levels by seem-
ingly perpetually requiring new and evolving skillsets.
Employees, in turn, in order to maintain proficiency
levels as well as reamain viable as candidates in
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Figure 16: Adjacency matrix, final.

an increasingly constricted labor to skill-set worker
pool, must strive to keep updated their skillsets, in
order to adapt to advances in fields like automa-
tion. Employee skill levels impact automation di-
rectly through the growing gap between unskilled
and skilled labor. The growing educational require-
ments for technological based jobs, in fields like
manufacturing, are being outpaced by the lack of
adequately skilled labor (specifically defined as labor
between unskilled and skilled) [12]. This gap, seen as
a lack of viable labor for positions of moderate skill,
drive requirements for automation, thus circuitiously
driving an increase for highly skilled labor. In sum-
mation, while these two factors (automation and
education) obviously greatly influence each other,
their combined impact on factors like regulations
had a large ripple throughout the rest of the sig-
nificant factors identified as having a large impact
on unemployment in the United States Petroleum
Industry.

6 Conclusion

Having worked within the Transdisciplinary Re-
search Process and through the application of ISM
and DSM techniques, we conclude that investments
in research and development of new technologies
combined with efforts to increase the education level
and skilled labor pool of employees within the United

States will positively impact unemployment rates
within the Petroleum Industry, as these factors drive
the Price of Oil through an enumeration of fac-
tors discussed in the paper above. The Price of
Oil directly goes to the bottom line profitability of
Petroleum companies and therefore leads to employ-
ment/unemployment within the Petroleum Industry.
It is this grass roots solution approach (e.g., educa-
tion/skilled labor combined with the development of
new technologies) that can directly address current
and future unemployment issues in the Petroleum
industry.

Future and more comprehensive research into
these factors is required in order to provide addi-
tional levels of detail in the solution space. In par-
ticular, answering the question as to how secondary
and post-secondary schools could isolate and expand
applicable areas of education for future energy sector
jobs as well as provide increased training in skilled
labor, such as welding, would be valuable for the
industry to understand. Additional research projects
could lead to new educational tracks or standards
as well as vocational school focus areas to help the
Petroleum industry in its quest to draw down un-
employment over the long run as well as provide
stability its sector of the overall U.S. job market.

Overall, it is certain that investing in these ar-
eas: education and research & development of new
technologies will lead to positive impacts for unem-
ployment rates in the U.S. petroleum industry.
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APPENDIX-A

Appendix of Abbreviations
AGOA – African Growth and Opportunities Act
BLM – Bureau of Land Management
CIA – Cross-Impact Analysis
DSM – Design Structure Matrix
EFC – Eagle Ford Capex
EIA – Energy Industry Administration
EPA – Environmental Protection Agency
FEED – Front End Engineering Design
FERC – Federal Energy Regulatory Commission
GDP – Gross Domestic Product
GSP – Generalized System of Trade Preferences
ISM – Interpretive Structural Modeling
LOE – Lease Operating Expenses
MICMAC – Impact Matrix Cross-Reference Multiplication Applied to a Classification
NAFTA – North American Free Trade Agreement
NGT – Nominal Group Technique
OPEC – Organization of the Petroleum Exporting Countries
OSHA – Occupational Safety and Health Administration
R&D – Research and Development
SPS – Societal Problem Solving
SSIM – Structural Self-Interaction Matrix
TD – Transdisciplinary
UAM – Updated Adjacency Matrix
U.S. United States

Kano Survey
The Kano style survey below was used as part of the Transdisciplinary process in identifying the factors that were
to be considered in the research. A large set of factors was initially conceived through brainstorming among the
transdisciplinary team; however, the final selection of factors was driven by subject matter expert (SME) input from
those who work and are decision makers in the Petroleum Industry. See Figure A-1 below.
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Figure A-1:
Kano Survey & Questionnaire utilized in determine the factors to be considered in the research.
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Figure A-2:
Kano survey results.

Figure A-3:
Kano analysis mapping.
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