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Assessment of Workforce Systems Preferences/Skills Based on
Employment Domain

Abstract: Given the growing demand for a workforce with an 
understanding of system of systems, there is a need to assess an 
individual’s systems thinking skills. This research was under-
taken to address this need by measuring an individual’s incli-
nation to work on complex system problems based on their 
systems thinking score. This article investigates the correlation 
between employment domains and an individual’s systems 
thinking preferences/skills. Results of this research show that 
each employment domain is significantly different in their 
systems thinking preferences/skills profiles as well as signifi-
cantly different in how the employment domains perceive 
change and their system’s worldview.

T he World Economic Forum (2016) reports complex
problem-solving and holistic systems thinking are the
most important skills needed by organizations exhibiting

a high degree of complexity. The need for holistic thinking is
outpacing other skills such as team management, emotional
intelligence, negotiation, and cognitive flexibility (World Eco-
nomic Forum, 2016). The Forum’s assertion is supported by
the increasing intricacies experienced in organizations concerned
with the need to better address systems growing under complex-
ity (Boardman & Sauser, 2006). Ever-expanding systems archi-
tecture including the integration, merging, and upgrading of
legacy systems to support the demand of new goals and products
supports the claim that systems thinking (ST) skills are required
(Bjelkemyr, Semere, & Lindberg, 2009; Clegg & Orme, 2012;
Cook, 2001). Practitioners such as engineers, engineering man-
agers, and decision makers must adjust to dealing with increas-
ingly complex systems and the challenges they present.
Practitioners supporting complex systems, specifically system of
systems (SoS), face the ‘new normal’ of challenges marked by
increasing levels of uncertainty, ambiguity, emergence, complex-
ity, interdependence, and integration as defined in Exhibit 1
(DeLaurentis, 2005; Gorod, Sauser, & Boardman, 2008; Jaradat,
Keating, & Bradley, 2018; Sauser & Boardman, 2008).

In this study, long-term employment positions are evalu-
ated because we believe long-term employees’ system skills are

more likely to impact an organization compared to employees
in short-term positions. Furthermore, when considering an
organization’s intellectual property, business, and cultural intel-
ligence is typically cultivated and integrated into the systems
thinking preferences/skills of the employees during longer-term
employment (Wilensky, 1967).

Because complex systems face increasing emergency, evolu-
tionary development, integration, interdependence, complexity,
ambiguity, and uncertainty, specific challenges are posed for engi-
neers who are expected to understand, manage, and solve problems
within the complex system domain (see Exhibit 1). These engineers
must systematically frame problems to effectively develop optimal
solutions for their organization. Framing can become unclear in a
rapidly changing environment (Mitrof, 1997). After the engineer
has framed the problem, the next challenge is to determine what
problem-solving approach to take. Because each problem can be
different in this complex environment, there is no standard resolu-
tion and therefore no standard approach. The final challenge is for
the engineers to understand and eventually make decisions that
resolve issues within complex systems based on the culture of the
work environment, relevant policies, and human dimensions.

The current literature identifies research gaps relevant to
the challenges presented by complex systems, and these gaps
should be addressed to enable successful management of
these systems. One key gap is the limited research investigat-
ing the impact of employment domains on individual sys-
tems thinking preferences/skills. The review of relevant
literature also shows that there are few systems thinking
tools and techniques specifically designed for the system of
systems (SoS) domain. Because current complex systems
challenges can limit an organization’s ability to engineer
and manage socio-technical systems, it is essential to have a
cadre of qualified individual contributors and engineering
managers who can take a more holistic ‘systemic’ approach
to deal with complex system problems. In this article, the
correlation between individual systems preferences/skills and
employment domain is investigated to determine which
domain has employees who are better equipped to deal
with complex system problems.

The set of challenges detailed in Exhibit 1 is not an exhaustive
list; rather it is a focused list of typical challenges that engineers
need to be aware of in order tominimize the negative impact these
challenges pose to the successful management of complex systems.
This study is designed to address the challenges of complex system
problems by measuring an individual’s ST preferences/skills and
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then finding correlations between the employment domains and
the individual’s system preferences/skills.

An overview of ST and organizational complexities and
current tools used to measure ST is presented next, followed
by a discussion of the research design, the survey instrument
used to collect the dataset, and the findings from this research.
The results obtained from the study are then analyzed and
interpreted. The article concludes with final thoughts, limita-
tions, and future research.

Review of the Literature
Since this article investigates how complex problems are solved
by practitioners, the review of relevant literature focuses on
what a complex systems problem is, what instruments have
been used to measure ST in a variety of capabilities, and why
particular employment domains were chosen for this study.

Complex Systems Problems
Complexity and the derivative problems that come as a
result of complexity are an emerging new reality for engi-
neering managers. With these challenges (see Exhibit 1),
many organizations tend to integrate their existing opera-
tions, processes, and systems to work together to achieve
higher holistic goals that are beyond the capabilities of each
individual system. This integration increases the interde-
pendence of interactions and reduces the autonomy of sin-
gle systems (Jamshidi, 2009; Maier, 2005). This is referred
to as system of systems or SoS (Hossain & Jaradat, 2018;
Jaradat, Keating, & Bradley, 2014; Keating & Katina, 2011).
The SoS problem domain is exacerbated by the limiting
factors imposed by ‘hard’ technology-based solutions devel-
oped without due consideration for the ‘soft’ non-technol-
ogy aspects of holistically developed solutions. SoS has been
used in the military and other fields to solve complex
problems that traditional system engineering practices
were incapable of resolving (Owens, 1996; Skyttner, 2001).

In addition to the challenges driven by SoS, the employ-
ment domain in which the SoS challenge occurs can add
further complexities. For example, the employment domain of
an organization often determines the frequency of change. One
example of this is a service-based company that works with
insurance claims adhering to constant changes in both custo-
mer and government requirements is likely to be a more vola-
tile SoS environment than a local municipality that has not

experienced a budget increase or change in system software in
a decade.

Several researchers have recognized the need to apply
systems thinking perspective to successfully examine complex
system problems (Checkland, 1999; Jackson, 2003; Katina,
Keating, & Jaradat, 2014; Keating, Padilla, & Admas, 2008;
Lawrence, Hossain, Nagahi, & Jaradat, 2019). In essence, it is
generally agreed that a more holistic perspective, rooted in
higher-level ST, is necessary to more effectively understand
and respond to complex systems. A need exists to identify a
core group of qualified individuals who can successfully engage
complex system problem domains with a commensurate level
of skills required to navigate the technical and non-technical
dimensions of these types of problems. A first step in identify-
ing qualified individuals is to classify their self-identified pre-
ferences/skills as they relate to the complex system problem
domain. With the challenges associated with complex systems,
that is, SoS (Exhibit 1), designing and managing a complex
system can be challenging; thereby increasing the importance
for individuals who interact with a system to grasp the system’s
full scope and to view the system in its entirety. A wide breadth
of knowledge about the system from technological intricacies to
economic or cultural implications is needed for users and
maintainers of these complex systems (Checkland, 1999;
Flood & Carson, 1993; Jackson, 2003).

Employment Domain
There is value in understanding the nuances in the different types
of workplaces to better understand an individual’s inclination
toward managing complex system problems. Solving problems
within a complex system requires employees who think systemi-
cally, and understanding ST is vital to understanding complex
systems. However, before determining the need for ST prefer-
ences/skills training, the existing self-identification of ST prefer-
ences of individual practitioners dealing with complex systems
must be measured. To measure ST, an instrument that captures
the many aspects of ST preferences/skills within a complex orga-
nizational environment must be utilized and vetted against the
work environment. The purpose of this study is to evaluate data
collected from a published survey instrument developed by Jar-
adat et al. (2018) that measures ST preferences/skills to deal with
complex problems based on employment domains. Through the
review of the ST tools and techniques found in the relevant
literature, three main gaps that are motivating this research and

Exhibit 1. System of Systems Challenges

Challenge Increasing Levels

Uncertainty Unexpected influences add uncertainty due to an incomplete knowledge of complex systems

Ambiguity Ambiguity exists when deciding how to take actions and make decisions due to the variable nature of a complex system

Emergence Unexpected behavior or patterns may emerge only after they occur due to challenges related to predicting complex systems

Complexity Complex systems are interrelated which creates difficulty in understanding, controlling, or explaining the system due to the
influences of numerous different factors.

Interdependence Complex systems are marked by the interactions between various components of the system, leading to high levels of
interrelationships and logical associations between systems.

Integration Different subsystems combine together to achieve goals requiring multiple levels of operational, managerial, and geographical
dispersion.
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should be addressed to remedy the challenges presented by com-
plex problems (Exhibit 1) were identified as follows:

● There are insufficient tools and techniques purposefully
designed to deal with complex socio-technical problems
in SoS. At best, some tools measure only one or two ST
skills (Dolansky & Moore, 2013; Hopper & Stave, 2008;
Plate, 2008). Many of the current tools are designed for
specific domains such as education to test student ST
skills (Camelia & Ferris, 2018; Frank, 2002, 2010). These
techniques, while they might satisfy a specific need, have
not been designed or specifically structured to facilitate
solutions to socio-technical problems. In addition, many
of the current ST tools do not publish or show the
accompanying evidence of validity and reliability.
“There are over 200 instruments designed to measure
any of a variety of attitudes toward science education,
but most have been used only once and only a few show
satisfactory statistical reliability or validity.” (Camelia &
Ferris, 2018, p. 3).

● There is a need to build a survey instrument based on the
domain of system theory. System theory encompasses the
underlying theoretical foundation necessary to apply an ST
paradigm to better understand complex problem domains.
(Ackoff, 1995; Adams, Hester, Bradley, Meyers, & Keating,
2014; Adams & Keating, 2011; Checkland, 1999; Senge,
1990; Skyttner, 2001; Von Bertalanffy, 1968; Whitehead,
Scherer, & Smith, 2015).

● There is a lack of research focused on the relationship between
employment preferences/skills and employment domains.

Research Data and Methods
Three employment domains, Industry/Business, Military, and
Academic/Government, were analyzed to determine if either
domain promotes more or less holistic thinkers. An overview of
the survey instrument along with the instrument’s validity and
reliability is presented below, followed by a discussion of the
study sample, the analysis performed, and the research findings.

Data Collection
A survey instrument was developed to determine the level of ST
skills individuals need to successfully deal with complex systems
problems (Jaradat, Campbell, & Abutabenjeh, 2016). This ST
preferences/skills survey instrument, which is based on the com-
plex system attributes mentioned in Exhibit 1, was designed to
measure an individual’s predisposition for ST when dealing with
problems of SoS complexity. These problems are encountered in
many different fields such as healthcare, manufacturing, logistics,
service, government, and military and tend to occur where multi-
ple systems have been integrated due to acquisitions or architec-
tural growth resulting from legacy technology.

The ST preferences/skills survey instrument uses a web-
based survey to administer 39 binary questions examining the
seven dimensions of ST (Exhibit 2). Participants choose their
most preferred response from each dichotomous question. For
example, one of the questions asks the participants: ‘Are you

Exhibit 2. Systems Thinking Preferences/Skills Survey Instrument Dimensions (Jaradat et al., 2018)

Dimension Less Systemic More Systemic

Level of Complexity: Comfort with
multidimensional problems and
limited system understanding

Simplicity (S): Avoid uncertainty, work on linear
problems, prefer best solution, and prefer small-scale
problems.

Complexity (C): Expect uncertainty, work on
multidimensional problems, prefer a working solution,
and explore the surrounding environment.

Level of Independence: Balance
between local level autonomy versus
system integration

Autonomy (A): Preserve local autonomy, tend more to
independent decision and local performance level.

Integration (G): Preserve global integration, tend
more to dependent decision and global performance.

Level of Interaction:
Interconnectedness in coordination
and communication among multiple
systems

Isolation (N): Inclined to local interaction, follow
detailed plan, prefer to work individually, enjoy
working in small systems, and interested more in
cause-effect solution.

Interconnectivity (I):
Inclined to global interactions, follow general plan,
work within a team, and interested less in identifiable
cause-effect relationships

Level of Change: Comfort with
rapidly shifting systems and
situations

Resistance to Change (V): Prefer taking few
perspectives into consideration, over specify
requirements, focus more on internal forces, like short-
range plans, tend to settle things, and work best in a
stable environment.

Tolerant of Change (Y): Prefer taking multiple
perspectives into consideration, underspecify
requirements, focus more on external forces, like long-
range plans, keep options open, and work best in
changing environment.

Level of Uncertainty: Acceptance of
unpredictable situations with limited
control

Stability (T): Prepare detailed plans beforehand, focus
on the details, uncomfortable with uncertainty, believe
work environment is under control, and enjoy
objectivity and technical problems.

Emergence (E): React to situations as they occur, focus
on the whole, comfortable with uncertainty, believe
work environment is difficult to control, enjoy
subjectivity and non-technical problems.

Systems Worldview: Understanding
system behavior at the whole versus
part level

Reductionism (R): Focus on particulars, prefer
analyzing the parts for better performance.

Holism (H): Focus on the whole, interested more in
the big picture, interested in concepts and abstract
meaning of ideas.

Level of Flexibility: Accommodation
of change or modifications in systems
or approach

Rigidity (D): Prefer not to change, like determined
plan, not open to new ideas, motivated by routine.

Flexibility (F): Accommodating to change, like flexible
plan, open to new ideas, and unmotivated by routine.
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most comfortable developing (a) a detailed plan or (b) a general
plan?’ Responses are used to calculate a score for each ST
dimension. This dimension score is calculated as the proportion
of questions in that dimension in which the participant chooses
the more systemic answer. A dimension score above 0.50 would
indicate that the person is more systemic along that dimension
(see Exhibit 2). A dimension score below 0.50 indicates less
systemic thinking. Finally, an overall ST score is calculated by
averaging the seven-dimension scores for each participant.

Each ST question on the survey belongs to one of the seven
ST preference dimensions. For each dimension, the scale extre-
mity that was chosen most frequently in the binary question
responses becomes the letter in the ST preferences/skills profile
(see Exhibit 2), thus creating a 7-letter ST preferences/skills
profile for each participant. Each participant is assigned a
numerical score for each dimension based on the number of
“more systemic” answers chosen for each dimension scale out
of the total questions on each scale. Finally, the total ST pre-
ferences/skills score is calculated as an average of each dimen-
sion score (see Exhibit 3). As an example, an individual
participant’s responses may indicate an ST preferences/skills
profile of SGIYTRD with scaled sub-scores and an overall
score as shown in Exhibit 3. Each individual’s profile, dimen-
sion scores, and total scores are computed in the dataset. The
profiles presented in this study are based on the aggregate score
in each employment domain.

All dimensions in Exhibit 3 have the same weight based on the
analysis obtained through the validation process described in the
next section. Results show that, although these dimensions have the
same level of importance in this study, the level can vary based on
the degree of complexity in the system and the environment that
must be engaged by practitioners. Thus, there are no good or bad
ST preferences/skills profiles because it depends on the degree of
complexity in the SoS environment. For example, a manufacturing-
based company that works with 3D printing design must deal with
the dynamic changes in both customer and government require-
ments. This means that the company probably needs to focus more
on the level of flexibility dimension than the level of systems world-
view dimension. In this example, an individual with an ST prefer-
ences/skills profile that exhibits an inclination to beingmore flexible
in dynamic environments might be more suitable than one who
prefers not to work in a dynamic environment. An individual who
prefers not to work in a dynamic environment does not mean that
he or she has a bad ST skills profile but instead has a profile that
may be more suitable to another environment.

Validity of the ST Preferences/Skills Survey Instrument
The validity and reliability tests are conducted for two main rea-
sons: (1) to test if the ST preferences/skills instrument measures
what it is intended to measure, and (2) to justify that the survey
instrument questions are designed to measure the seven dimen-
sions found in Exhibit 2. These tests are necessary to ensure that the
survey instrument can produce accurate findings based on indivi-
duals’ ST preferences/skills in the targeted employment domains.

To address the first gap in the literature, we present the
advanced validity and reliability tests of the ST preferences/skills
survey instrument (see Exhibit 4). Prior to deploying the survey
instrument, several validity and reliability tests were performed
over the course of 3 years to ensure the survey instrument mea-
sures what it is supposed tomeasure – individuals’ ST preferences/
skills. To test the utility and check the validity of the survey
instrument, Exploratory Factor Analysis (EFA), Confirmatory
Factor Analysis (CFA), and modeling structure were performed.
In addition, the construct validity, discriminant validity, and face
validity of the survey instrument were obtained. Construct validity
examines the relationships between the factors (constructs) and
“refers to an examination of a measure of an attribute (or con-
struct) that is not operationally defined or measured directly”
(Cronbach & Meehl, 1955, p.281). Model fit indices are used to
achieve construct validity in CFA. There are four categories of
model fit indices; namely Absolute Fit, Incremental Fit, Parsimo-
nious Fit, and Non-Centrality-based Indices. The use of at least
one fitness index from eachmodel fit category is recommended by
Hair, Black, Babin, Anderson, and Tatham (2010).

Exhibit 4 shows the results obtained for Absolute Fit, Incre-
mental Fit, Parsimonious Fit, and Non-centrality-based Indices
and indicate the model obtained has an excellent fit. All thresh-
olds and literature support for these fit categories are also shown
in Exhibit 4. Modification Indices (MI) indicate the item’s
redundancy through a discrepancy measure. Correlation coeffi-
cients are another indicator of discriminant validity as correla-
tions higher than 0.85 would suggest that factors in each model
are measuring the same things. In this research, four factors were
obtained and these factors measure the seven dimensions
through the 39 questions. We found that there are no correla-
tions larger than 0.85, and these factors can be thought of as
independent with the same level of importance (weight).

Reliability of the ST Preference/Skills Survey Instrument
Reliability is the degree of consistency of an instrument. An instru-
ment is deemed reliable if it always yields an identical score

Exhibit 3. Sample Dimension Score Calculation for an Individual Respondent

Dimension Number of ST Skills Questions More Systemic Responses Profile Designation Dimension Score

Level of complexity 6 2 S 33

Level of independence 5 4 G 80

Level of interaction 6 5 I 83

Level of change 6 6 Y 100

Level of uncertainty 6 2 T 33

Systems worldview 5 2 R 40

Level of flexibility 5 1 D 20

Overall SGIYTRD 56
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(Kerlinger & Lee, 2000). The assessment for the reliability of the ST
preferences/skills survey instrument was performed using Internal
Consistency Reliability (ICR) and composite reliability (CR).

Internal Consistency Reliability shows how strong the instru-
ment questions measure the respective construct together. In gen-
eral, reliabilities in the 0.70 range are acceptable, and those over 0.80
are good (Sekaran, 2003). Cronbach’s coefficient Alpha (ICR)
results show promising results for the ST preferences/skills instru-
ment with a Cronbach’s Alpha close to 0.90. The CR shows the
reliability and internal consistency of a latent factor. A value of CR >
0.6 is required in order to achieve composite reliability for a con-
struct (Tseng, Dörnyei, & Schmitt, 2006). Based on these results, the
model with four factors has achieved composite reliability because
all CR values of the four factors are in the higher range of 0.7. In
sum, after gaining unidimensionality, construct validity, discrimi-
nant validity, and internal consistency reliability, the final version of
the survey instrument with 39 questions meets the criterion of
composite reliability. Therefore, the ST preferences/skills instru-
ment and its applications are determined to be valid and reliable.

Study Sample Size
The population of interest for this study is systems engineers
and engineering managers. An invitation email was sent to 290
individuals to participate in the study. The invitation included a
web-link with instructions to take the survey, which most
participants completed in 10–15 minutes. The participant
pool was identified based on the degree of complexity (chal-
lenges) identified in Exhibit 1. Since the aim of the study is to
compare between three domains, we targeted representative
groups in each domain (e.g. Military domain). Phone inter-
views were conducted to determine the participated group.

The study sample of 290 participants was 80% male and 20%
female. After filtering the dataset based on incomplete survey
results, 273 were included in the analysis. Participants reported
working for one of the three employment domains: Academic/
Government (n = 100), Industry/Business (n = 117), or Military
(n = 56). All study participants hold systems engineering and/or
engineering management positions. Among the 290 participants,
17% have 11–15 years of work experience, 3% have 16–20 years,
and 80% have 21 or more years of experience in the field of systems
engineering and engineering management. Thirty-two percent of
the participants hold bachelor’s degrees, 55% master’s degrees, and
13% doctoral degrees. Twenty-five U.S. organizations/institutions
participated in the study, and all have a systems engineering depart-
ment/division. Other demographic factors collected during the
study include family size, field of highest degree, and current

occupation. The sample size was large enough to minimize the
measurement design errors.

Study Findings
In order to find patterns and guide interpretation of results, the
survey results have been compiled for each employment
domain. The ST preferences/skills survey instrument deter-
mines the relative level of ST preferences/skills and inclination
for dealing with complex system problems for the three
domains in the study. A summary of descriptive statistics for
the seven dimensions of ST preferences/skills as well as an
overall ST score is shown in Exhibit 5. The seven dimensions
outlined in Exhibit 5 determine the aggregate level of partici-
pants from each domain type and indicate their predisposition
in understanding complex problem. As Exhibit 5 indicates,
Military and Industry domains scored higher than academic
in the flexibility dimension.

Tukey–Kramer Honest Significant Difference (HSD) post-
hoc analyses were conducted to evaluate the differences
between the employment domains (see Exhibit 6) and indicate
significant differences exist between employment domains for
two ST preferences/skills dimensions: Change and Systems
Worldview. Regarding the Change dimension, participants
from the Military group had significantly higher scores than
the other two groups. Participant scores for the Systems World-
view dimension were significantly lower for the Academic/
Government participants than the other two groups. Regarding
overall ST score, the Military domain was significantly higher
than the Academic/Government domain.

Based on the results of the study we suggest several critical
points for considerations related to: (1) understanding the
developmental indications for increasing the capacity of the
workforce to more effectively engage complexity and (2) con-
siderations for potential complexity blindspots that appear to
be prevalent in a particular domain.

The Military domain suggested an ST grouping preference
profile that was dominated by a holistic (focus on whole first and
parts secondary). However, there was also some residual reduc-
tionist (focus on parts first and wholes secondary). While it is
beyond the present research to posit explanations as to why this
exists, we can offer some implications. First, for situations that
are highly complex (large number of variables, richly intercon-
nections among elements, dynamic nature, and high levels of
uncertainty), care must be taken to allocate systems thinking
resources commensurate to the complexity demands of the
task/situation. Second, where there are elements of a task/

Exhibit 4. Summary of Validation and Reliability Tests

Instrument Model Index Final Model (Instrument) Threshold Literature

Absolute fit GFI Goodness-of-fit index 0.89 GFI > 0.80 is good

RMR Root Mean Square Residual 0.012 SRMR smaller is better

Incremental fit TLI Tucker–Lewis index 0.886 TLI > 0.90

Parsimonious fit PCFI Parsimony corrected Comparative Fit Index 0.811 PCFI > 0.5

Non-centrality-based Indices RMSEA
RMSEA 90% CI

Root Mean Square of Error Approximation
RMSEA 90% confidence interval

0.030 RMSEA < 0.05

CFI Comparative Fit Index 0.90 CFI > 0.90
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situation that demand a more reductionist approach, care should
be taken with respect to the assignment of personnel that have
capabilities consistent with the task/situation demands. Third,
having a mix of ST preferences/skills can offer a variety of
perspectives on different situations, where each thinking prefer-
ence might contribute to better formulation and engagement of
the complex system problem domain. This indicates that every
complex system problem can benefit from a range of systems
thinking (holistic to reductionist).

The Academic/Government and Industry/Business
domains suggest a more centrist position between holistic and
reductionist. Lacking precise knowledge as to why this profile
exists, there are possible implications. First, a more balanced ST
profile suggests the existence of diverse systems thinking pre-
ferences/skills. While this is neither good nor bad, it may bring
limitations related to the assignment of personnel to extremely
complex system situations. This is particularly the case where
higher-order systemic thinking is the dominant mode of think-
ing appropriate to the task/problem/situation. Second, a more
balanced profile suggests that there is diversity in ST prefer-
ences/skills that is built into the domain type and may provide
benefits by incorporation of multiple perspectives. Third, it was

noted that the Academic/Government sample was more skewed
to the reductionist perspective in several ST dimensions (Sys-
tems Worldview, Change, Uncertainty, and Independence).
Thus, for tasks/problems/situations that require a more holistic
perspective related to these four dimensions, caution should be
exercised so as not to preclude a level of thinking congruent to
that demanded.

There are several additional considerations suggested
from the research. Among these we include: (1) develop-
ment of appropriate ST preferences/skills should be
approached based on the degree of complexity engagement
required of an organizational entity, (2) while ST is gener-
ally considered an asset for individuals/organizations, it can
create blind spots with respect to more stable task-oriented
work where more reductionist thinking/approaches may
offer greater compatibility, (3) the needs for ST prefer-
ences/skills can shift over time and adjustment based on
situational changes, and (4) ST preferences/skills should be
viewed not only intrinsically (capacity held within the orga-
nization/entity in focus) but also extrinsically (capacity
necessary to engage external environment complexity
demands).

Exhibit 5. ST Preferences/Skills Categories Values for Each Employment Domain
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Exhibit 6. Employment Domain Analysis

Sum of Squares Mean Square F Sig.

Overall Score Between Domains .201 .100 4.155 .017

Complexity Between Domains .175 .088 1.445 .238

Independence Between Domains .280 .140 2.075 .128

Interaction Between Domains .422 .211 2.719 .068

Change Between Domains .299 .149 4.214 .016

Uncertainty Between Domains .024 .012 .223 .800

Systems Worldview Between Domains 1.263 .632 8.220 .000

Flexibility Between Domains .238 .119 1.869 .156

Overall ST Between Domains .218 .109 4.526 .012
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Employment Domains Discussion
Exhibit 7 shows the ST grouping preference profile that ranges
from a purely holistic thinker to a purely reductionist thinker.
Exhibits 2 and 8 are used to categorize the participant level of
ST preferences/skills for each employment domain. The pri-
mary objectives of the discussion are to: (1) identify central
themes of each domain related to ST preferences/skills and (2)
suggest broad conclusions based on the study results.

Participant ST Preferences/Skills Profile in Industry/Business
Domain
Based on the aggregate analysis obtained from the Industry/
Business domain, overall the participant ST preferences/skills
profile indicates a systemic perspective that fits in the middle of
the two extremes of holistic and reductionist being slightly
more holistic than reductionist. Industry/Business domain par-
ticipants lean toward working in complex systems but do not
have a profile at the extreme of holism (Exhibit 7). Below are
summarized points of ST preferences/skills profile generated
for the Industry/Business domain:

The level of Complexity dimension, complexity vs. simpli-
city, describes the participants’ inclination to work in complex
system domains (Exhibit 2). The findings related to Industry/
Business participants show that they:

● Enjoy working more on problems that are moderately
between not too simple and not too complex

● Prefer to work on problems that have more technical issues
than human/social, organizational/managerial, and politi-
cal components

● Prefer not to work on problems that integrate multiple
systems

● Tend to accept optimal (the best) solutions as opposed to
satisficing (good enough) solutions.

Therefore, with respect to Complexity, the Industry/Busi-
ness domain participants display preference for dealing with
more complex systems. This is indicative of a level of comfort
in navigating the complexity faced by modern complex systems.

The level of Independence dimension, autonomy vs. inte-
gration, indicates the participants’ comfort zone in dealing with
the integration of multiple systems. The score for the Industry/
Business domain falls in the middle between autonomy and
integrations. This means that Industry/Business participants:

● Lean more toward independent decisions (making the final
decisions) in their systems instead of dependent decisions
(working with others to make the final decisions)

● Focus more on local performance yet have some general
interest in the overall SoS performance

● Focus less on other sub-systems (e.g. an asset management
system within a larger manufacturing processing system)
performance.

While there is a middle range between autonomy and
integration, the propensity for independence and local perfor-
mance could be of concern when challenges exist for the
integration of multiple complex systems.

The level of Interaction dimension, isolation vs intercon-
nectivity, describes the type of work environment the Industry/
Business participants prefer. Based on their scores, they:

● Desire for working on solving system problems with a team
● Prefer detailed work plans but can work and apply a flexible

plan based on the problems
● Avoid working on problems that interact with other sub-

systems by focusing more on their local problems within a
department level.

This particular dimension presents some interesting dis-
tinctions with respect to the preferences for the interaction of
modern systems. With greater preference toward detailed plans,
local system focus, and team emphasis, there is considerable
potential for missing the challenges related to interaction,
which may be strong among team members but limited with
a preference for local focus.

The level of Change dimension, resistance to change vs.
tolerant to change, deals with the participants’ inclination to
make changes in complex problems. Participants within the
Industry/Business domain are equally between resistance and
tolerance to change. Their score shows that they:

● Prefer to work in more stable work environments versus
dynamic and changing environments

● Are apt to take few viewpoints into consideration before
making a change or adjustment in the system

● Focus more on internal (local) forces of the system (e.g. a
lack of concern for what competitors might be changing in
their systems and not adjusting the system for the sur-
rounding environment).

The Change dimension identifies challenges for the Indus-
try/Business domain. In particular, the propensity for stable
work environments, limited viewpoints, and local focus has
the potential to provide too narrow of a perspective for effec-
tively dealing with complex systems.

The level of Uncertainty dimension, stability vs. emergence,
deals with the participants’ preference in making decisions
under uncertainty. Based on their scores, Industry/Business
domain participants:

● Prefer working on technical problems and not technical-
social problems

● Focus more on the details of the problem
● Lean toward working in environments that are controllable

and static
● Are not comfortable in dealing with uncertainty or any

emergent behavior that might disrupt the system at any time.

The Uncertainty dimension suggests that highly volatile
environments subject to increased levels of emergence may
present difficulties for enterprises in the Industry/Business
domain. Effectively dealing with uncertainty is essential to
working within increasingly complex SoS and their emergent
issues.

The level of Systems Worldview dimension, reductionist vs.
holism, describes the participants’ predisposition in under-
standing system behavior as a whole versus as multiple parts.
Their score identifies that they:

● Focus more on particulars in solving problems by analyz-
ing the parts for a better performance.

● Focus more on the local performance of the system
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● Prefer the optimal solution to system problems
● Formulate a problem by identifying the cause-effect paradigm.

The Systems Worldview dimension suggests a leaning
toward the reductionist perspective. In dealing with complex
SoSs and their problems, a reductionist perspective is not a
sufficient worldview. The responses from the reductionist
worldview are incongruent with the complexity inherent in
modern systems. The reductionist worldview presents particu-
lar difficulties in dealing with highly emergent, ambiguous, and
uncertain conditions that dominate complex systems.

The level of Flexibility dimension, rigidity vs flexibility, deals
with the participants’ accommodation to change and making
adjustments within the system. Their scores suggest that they:

● Are open to implementing new ideas in the system if
needed (i.e. implementation of a new technology)

● Are motivated by change but not by routine work
● Are comfortable deviating from the detailed work plans in

order to make adjustments in the system (e.g. accounting for
changes in the external environment that may cause a change
in scope from previous planned system modifications).

This is a bright spot for the Industry/Business domain.
Flexibility implies that enterprises in this domain are well
suited to make adjustments based on changing circumstances
in systems. While this does not imply that the conditions
requiring flexibility are desirable, it does imply that flexibility
in response to changing conditions is a capability.

Participant ST Preferences/Skills Profile in Military Domain
We now shift focus to examine the Military domain and focus on
the significant differences in the Military domain as compared to
the Industry/Business domain. Based on the analysis of the
Military domain, there are some similarities with the Industry/
Business domain as Military participants share highly compar-
able profiles in their levels of Complexity, Independence, Interac-
tion, and Uncertainty (see Exhibit 5). However, there are
significant differences between two of the dimensions. One
dimension where a significant difference exists is the Level of
Change (p-value = 0.016 < .05) (Military>Academia/Govern-
ment; Military>Industry) (see Exhibit 6). The results show that
participants from the military: (1) are more comfortable working
in a changing and dynamic environment, (2) focus more on the
external forces such as the surrounding environment of the
system, and (3) focus on obtaining a flexible system design.

In the Military domain, the participants’ ST preferences/skills
profiles lean toward a middle–high systemic perspective (see Exhi-
bit 5). This profile indicates that these participants lean toward
working in complex systems. However, the score is not high enough
to definitively show military preferences for working in large SoS.

Participant ST Preferences/Skills Profile in Academic/
Government Domain
The results obtained from the Academic/Government domain
contain similarities to both the Industry/Business and Military
domains. For instance, Level of Complexity and Level of Inde-
pendence are comparable across all three domains.

The largest differences between the Academic/Government
domain (lowest scores) and the other domains are their levels

of Change, Systems Worldview, and ST preferences/skills overall
score (see Exhibit 5), which implies these participants:

● Are not comfortable working in a changing and dynamic
environment

● Are not likely to consider multiple perspectives prior to
making decisions

● Focus completely in particulars in solving problems by
analyzing the parts for a better performance

● Focus on the local performance of the system
● Prefer the best solution to the system problems.

Based on participants’ self-perception of their ST preferences/
skills, none of the domain participants were classified as Holistic
System Thinkers (see Exhibit 7) which as stated previously corre-
sponds to the workforce systems skills gap identified in the litera-
ture (Dagli & Kilicay-Ergin, 2008; Trochim, Cabrera, Milstein,
Gallagher, & Leischow, 2006). Because of complex SoS problems,
more holistic thinkers are needed in order to progressively solve
the issues inherent in these ever-expanding technical environ-
ments (National Science Foundation, 2017), but no single domain
had an aggregate participant score of purely holistic.

Based on participants’ self-identified ST preferences, the closest
sector to true holistic thinking was theMilitary domain participants
who classified as Middle–High System Thinkers meaning that
responses to six out of seven categories were that of a systemic
preference (see Exhibit 7). Their more holistic view may stem from
the fact that military personnel work in an environment which
demands more awareness of and integration in larger-scale systems
(Allison & Cook, 1997; Cook, 2001; Dagli & Kilicay-Ergin, 2008;
Owens, 1996). They tend to be largelymore flexible given their need
to solve potentially life-critical issues using solutions that may not
be as well-planned, as preferred. Because safety is a larger career
concern in the military, an inherent awareness of what others in the
system are doing establishes greater overall awareness.

The Industry/Business domain profile classified as Middle
Systems Thinkers. Like the military, industry professionals
must be able to resolve problems quickly using non-ideal solu-
tions that get the job done. This is due to the tactical, day-to-
day emergent needs often experienced in industrial environ-
ments where health and safety, environmental conditions, and
customer scope creep often can quickly redirect focus. Given
the study includes participants from multiple industry and
business types, it is likely that the diversity between work skills
is what led to a fairly average aggregate versus what data from a
study between different industry work sectors might reveal.

The Academic/Government domain scores lowest in the Sys-
tems Worldview dimension, Change dimension, and overall ST
score. Since governments are not known for making changes
quickly, resistance to dynamic environments is expected. To under-
stand more about this Middle Systems Thinkers profile, the
researchers surveyed the literature in public administration and
found that the results are consistent showing that a lack of incen-
tives and motivations prevent innovation and change in the public
sector. Wright and Meadows (2012) identified some traps that are
related to public managers including policy resistance, drift to low
performance, tragedy of the commons, and escalation (feedback
loop). From an academic perspective, the result of this study agrees
with past literature as well since an academic culture encourages the
learning of concepts individually, thereby creating future workers
who are not as skilled in complex, holistic thinking as required by
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the job domains that hire them (Foundation, 2017; Jackson, 2003;
Kordova, Ribnikov, & Frank, 2015; Sweeney and Sterman (2000);
Trochim et al., 2006). The NSF emphasizes the need of advancing
holistic engineering formation since the U.S market lacks holistic
engineers (Foundation, 2017).

Implications for Engineering Managers
With the SoS challenges mentioned throughout the article, the
world for engineering managers is becoming increasingly com-
plex, emergent, evolutionary, and interconnected due to sys-
tems and their embedded subsystems. To meet the demands of
these systems, it is necessary to expand current and future
engineering managers’ skillsets by encouraging an exploration
of new outlooks and new ways of thinking to better understand
and manage the technical and non-technical problems asso-
ciated with complex systems. Below is a summary of the main
implications of the research:

● Match ST preferences/skills and job requirements: Using the
profiles compiled through the ST skills survey instrument
used in this study, engineering managers can develop
employee-job models that match employee preferences
with the requirements of the job. Because the instrument
measures an individual’s self-identified ST skills/prefer-
ences, it can be used to determine their inclination for
dealing with complex SoS problems (Exhibit 2). Matching
employees to appropriate jobs will help avoid solving the
wrong problem precisely (Mitroff, 1997).

● Form diverse research teams: Using the ST preferences/skills
profiles will help engineering managers form diverse research
teams to work on SoS. Depending on the mission, a team
consisting of too many reductionist or too many holistic pro-
files might not lead to mission success. Being aware of the team
profiles could lead to more efficient teamwork and more effi-
cient problem-solving. It is somewhat naïve to think that the
development of systems thinking preferences/skills is a one size
fits all proposition. On the contrary, based on the current
research, there are two primary implications for systems think-
ing development in the domains examined. First, the limita-
tions identified for the domains can offer a prioritized set of
systems thinking developmental knowledge. Thus, scarce
developmental resources can be targeted to achieve the highest
impact. Second, development can be focused across a broad
spectrum of enterprise levels including individual, system,
entity, or entire enterprise. This amplifies systems thinking
preferences/skills by developing multiple levels simultaneously
and permitsmore comprehensive development as opposed to a
singular focus on the individual level exclusively.

● Setting realistic goals: The ST preferences/skills survey
instrument can help engineering managers identify realistic
goals and objectives that are compatible with the current
ST preferences/skills profiles of their team. For example, in
a situation where the goal is to integrate the fuel tank
systems between three aircrafts for a specific mission, the
engineering manager can assess if this is a realistic goal
given the ST preferences/skills profiles of the individual
contributors on his team. In this case, a fully vetted, inte-
grated design would be a more realistic goal for holistic-
minded engineers than for reductionists.

● Proper training: Having the ST preferences/skills profiles
would help engineering managers design more effective

training programs and continuing education opportunities
that would target the improvement of the ST preferences/
skills needed to successfully engage problems in complex
systems domains. The profiles for each of the employment
domains suggest areas that are potentially problematic for
domain practitioners. Therefore, awareness of these areas
can provide practitioners with knowledge of potential fail-
ure modes should they be left unaddressed. Experiencing
failure modes related to the different deficient ST dimen-
sions can potentially be precluded with vigilance in limiting
their occurrence.

Conclusions
During this study, three employment domains were analyzed for
their system skills based on literature identifying the need for more
holistic thinking individuals within the workforce. A survey instru-
ment for measuring ST preferences/skills derived from past
research was designed to measure an individual’s predisposition
for ST when dealing with problems of system complexity. The
survey instrument was utilized for assessing the employment
domain participants on a scale measuring the two extremes from
holistic thinker to reductionist thinker. To classify the ST prefer-
ences/skills profile for each domain, seven dimensions (Flexibility,
SystemWorldview, Uncertainty, Change, Interaction, Independence,
and Complexity) were evaluated based on participants’ response
(self-identification) to determine their possession of the necessary
capabilities required for job skills supporting complex systems.
Using participant data from each workforce sector and based on
the ANOVA analysis (see Exhibit 6), each employment domain fell
into an ST preferences/skills profile according to the participants’
preferences for either holistic or reductionist views. The ST prefer-
ences/skills survey instrument used in this study highlights the gap
previously identified that the current workforcemay not possess the
systems skills needed to solve the ever-evolving SoS problems
experienced by all three domains.

Study Limitations
While this research evaluates the effectiveness of the ST pre-
ferences/skills survey instrument, there are limitations that can
be resolved in future experiments. More participants will be
evaluated in future studies ensuring that each domain has equal
representation. Additional information about the types of
industries and businesses will also be captured so that similar
organizations can be grouped together to learn more about the
differences existing between industries as opposed to combin-
ing all industry and business employees into a single group.
Likewise, for government and academia, more participants and
equal representation are needed to further examine potential
differences in ST preferences/skills.

Future Research
There are additional directions that ST preferences/skills research
can take. For example, demographic effects on ST characteristics
such as educational background, gender, generational cohort, eth-
nicity, culture, family size, and country of origin could all prove to
have some level of influence on holistic or reductionist perspectives.
This would ultimately assist engineering managers to design better
training programs improving ST preferences/skills based on demo-
graphics. Further investigating the type of work being performed
and the skill type of the employees such as blue, gray, or white-collar
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job functions as well as the duration of time spent in those roles 
could influence ST characteristics. Personality assessment scores 
contrasted with the scores received from this ST preferences/skills 
survey instrument would also be valuable as such traits as introver-
sion or extroversion, internal versus external locus of control, and 
general self- and social awareness may influence participant pro-
blem-solving preferences. On a much larger scale, ST preferences/
skills assessments could be performed on the different groups and 
divisions within a large organization to show the different levels of 
SoS complexity problem-solving skills across a management hier-
archy. Simply put, there are several areas where having an ST 
instrument would be valuable in understanding the impact of a 
holistic versus reductionist workforce as problem-solving require-
ments become increasingly complex.

To help engineering managers provide more efficient 
responses and solutions to the complex system problem 
domains, an emphasis must be placed on two main elements, 
individual capacity and environmental demand. This study 
focused on the individual capacity to measure what profile 
individuals hold in complex system problem domains based 
on their ST preferences/skills. From a systems perspective, 
every organization has a unique environment with which it 
must contend to sustain performance. Future research is 
needed to focus on the development of instruments that exam-
ine the degree of complexity that exists in the environment of 
an organization. Further analysis of the results would enable 
engineering managers to examine the degree to which current 
and planned initiatives contribute to addressing the ST prefer-
ences/skills gaps identified by the profile of the participants.
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