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FROM THE
EDITOR-IN-CHIEF

William Miller, insight@incose.net

e are pleased to publish
the May 2025 INSIGHT
published cooperatively
with John Wiley & Sons as
the systems engineering practitioners’
magazine. The INSIGHT mission is to
provide informative articles on advancing
the practice of systems engineering as the
state-of-the-art advances as evidenced
in Systems Engineering, the Journal of
INCOSE also published by Wiley, as well
as papers presented at symposia and
conferences by INCOSE and in the broader
systems community.

The focus of this May issue of INSIGHT
is “The State of the Systems Engineering
Discipline: A Longitudinal Analysis
of INCOSE International Symposium
Contributions (2012-2025)” analyzed
by INCOSE member Christian Sprague,
PhD. The results of his analysis are of
value to INCOSE in meeting the objectives
of the INCOSE Strategic Plan v1.0 (17
June 2024) and especially of the future of
systems engineering (FuSE) to realize the
System Engineering Vision 2035. FuSE is
charged by the Strategic Plan Objective O.1
Advance systems engineering as the world’s
trusted authority and Key Result KR1.1
Satisfaction of/progress against future of
systems engineering roadmap.

Christian’s article is a first-of-its-kind
meta-analysis of data structured and
maintained by INCOSE International
Symposia submission database providing
unprecedented insights into systems engi-
neering evolution through a comprehensive
examination of fourteen years of INCOSE

International Symposium contributions.
By analyzing over 4,000 submissions from
nearly 5,000 authors, this study delivers
unique value through three interconnected
analyses: 1) authors analysis, 2) topics anal-
ysis, and 3) acceptance analysis. Christian
integrates these three interconnected anal-
yses synthesizing key findings, identifying
future research opportunities, recommen-
dations for the systems engineering disci-
pline, and a vision for systems engineering’s
future. The article appendix details the
specifics of the analyses: 1) International
Symposium submission database, 2)
Simpson’s indices for collaboration-based
network analysis, 3) submission classifica-
tion analysis, 4) statistical modeling, and 5)
limitations and assumptions.

The Authors Analysis reveals a distinc-
tive “hourglass network” where 10% of
contributors generate 43% of intellectual
output, alongside a critical 94% first-year
attrition rate of submitters who do not
submit beyond their initial submisison.
This social architecture illuminates both
resilience mechanisms and vulnerability
points within the knowledge ecosystem,
offering stakeholders targeted intervention
opportunities for community development.

The Topics Analysis documents the
discipline’s methodological transformation,
quantifying the shift toward model-based
systems engineering (MBSE) growing from
30% to 40% while revealing persistent
knowledge gaps in theoretical foundations
and empirical validation. The detailed
taxonomic classification exposes high-
value research frontiers at disciplinary

intersections previously unidentified.

The Acceptance Analysis uncovers
systematic patterns in knowledge valida-
tion, demonstrating how acceptance rates
have tightened year-over-year (90% to
40%) while certain submission character-
istics significantly impact outcomes. This
evidence-based filter mechanism provides
contributors with strategic insights for
knowledge dissemination.

Christian’s analysis does not address
causation. There is known, anecdotal,
and unknown context to the results he
reports. An example of the former is the
drop off in participation of US government
employees and perhaps contractors
attending conferences beginning in 2012
attributable to an infamous event held
by the US General Accounting Office
(GAO) outside Las Vegas, US-NV, in 2010
widely publicized in 2012. A consequence
was severe restrictions on authorized
US government travel and conference
expenses that continues to the present. The
current cuts in US government funded
research and development for academia
and industry will affect participation in
INCOSE events. Your editor is aware
of individuals who have continued to
participate in INCOSE extents at their
own expense. Anecdotal context should
be substantiated and unknown context
discovered. An example is the causation
of the 94% attrition rate of first-time
submitters not subsequently submitting
papers/presentations needs discovery.

Perhaps some of the gaps in Christian’s
analysis such as theoretical foundations



and empirical validation are addressed
elsewhere. Your editor encourages similar
analyses of authors analysis, topics analysis,
and acceptance analysis in other systems
community venues, including: a) Confer-
ence on Systems Engineering Research
(CSER), b) Council of Systems Engineer-
ing Universities (CESUN) https://cesun.
org/, ¢) INCOSE EMEA and Asia-Oceana
sectors, d) INCOSE national chapters and

by IEEE, IISE, AIAA, etc, and f) Systems
Engineering Research Center (SERC)
https://sercuarc.org/ and it’s partners in the
Archimedes Initiative (see December 2022
INSIGHT Vol 25 Issue 4).

We hope you find INSIGHT, the prac-
titioners’ magazine for systems engineers,
informative and relevant. Feedback from
readers is critical to INSIGHT’s quality. We
encourage letters to the editor at insighte

continues to solicit special features, stand-
alone articles, book reviews, and op-eds.
Please contact us at FuSE@incose.net if you
are interested in contributing to our body
of knowledge accounting for uncertainty
in the engineering of systems. For informa-
tion about INSIGHT, including upcoming
issues, see https://www.incose.org/publi-
cations/INSIGHT. For information about
sponsoring INSIGHT, please contact the
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incose.net. Please include “letter to the
editor” in the subject line. INSIGHT also

regional events https://www.incose.org/
events, e) systems community related events

INCOSE marketing and communications
director at marcom@incose.net. m
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B ABSTRACT

This first-of-its-kind meta-analysis provides unprecedented insights into systems engineering’s evolution through a comprehensive
examination of fourteen years of INCOSE International Symposium contributions. By analyzing over 4,000 submissions from nearly
5,000 authors, this study delivers unique value through three interconnected analyses: The Authors Analysis reveals a distinctive
“hourglass network” where 10% of contributors generate 43% of intellectual output, alongside a critical 94% first-year attrition
rate. This social architecture illuminates both resilience mechanisms and vulnerability points within the knowledge ecosystem,
offering stakeholders targeted intervention opportunities for community development. The Topics Analysis documents the
discipline’s methodological transformation, quantifying the shift toward model-based systems engineering (MBSE) growing from
30% to 40% while revealing persistent knowledge gaps in theoretical foundations and empirical validation. The detailed taxonomic
classification exposes high-value research frontiers at disciplinary intersections previously unidentified. The Acceptance Analysis
uncovers systematic patterns in knowledge validation, demonstrating how acceptance rates have tightened year-over-year (90%
to 40%) while certain submission characteristics significantly impact outcomes. This evidence-based filter mechanism provides
contributors with strategic insights for knowledge dissemination. Through synthesizing these analyses, this research provides a
cohesive portrait of a discipline at an inflection point—transitioning from practice-driven origins toward greater formalization. For
INCOSE leadership, educators, and practitioners, these integrated insights enable data-driven strategies to strengthen community
resilience, address knowledge gaps, and enhance systems engineering’s capacity to tackle the increasingly complex sociotechnical
challenges of the 21st century.

I. EXECUTIVE SUMMARY

A. Purpose and Scope of Analysis By systematically analyzing over 4,000 methodological transformation.
his longitudinal meta-analysis submissions from nearly 5,000 authors The investigation addresses four
examines the state of the systems  across fourteen years, this research interrelated dimensions that together offer
engineering discipline through illuminates the intellectual trajectory, social a glimpse into the knowledge ecosystem
an unprecedented examination architecture, and validation mechanisms within which systems engineering

of INCOSE International Symposium that collectively shape systems engineering’s operates. First, the author demographics

contributions spanning 2012-2025. development during a period of significant  analysis investigates participation patterns,
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geographic distribution, institutional
affiliations, and collaborative networks to
reveal how the discipline’s social structure
influences knowledge creation. Second,
the content analysis traces the evolution
of submission types, methodological
approaches, and application domains to
identify paradigmatic shifts in systems
engineering practice. Third, the submission
acceptance analysis assesses the filtering
mechanisms that determine which
contributions enter the formal knowledge
base, revealing both explicit criteria

and implicit preferences that shape the
discipline’s intellectual direction. Finally,
the analysis synthesizes these dimensions
to characterize the resilience, vulnerability,
and trajectory of the international systems
engineering community.

This research employs a multi-meth-
od analytical framework that integrates
bibliometric techniques, social network
modeling, and statistical classification to
extract meaningful patterns from the sym-
posium submission data. The bibliometric
component quantifies content trends across
topics, methodologies, and domains, while
network modeling visualizes and measures
collaboration structures that facilitate
knowledge exchange. Advanced statistical
approaches, including logistic regression,
identify systematic predictors of submission
acceptance while controlling for confound-
ing variables.

The findings presented here serve
multiple stakeholder communities within
the systems engineering ecosystem. For
INCOSE leadership, the analysis provides
empirical foundations for strategic
decision-making regarding community
development, knowledge gaps, and
symposium structure. For educators, the
documented evolution of methodological
approaches offers evidence-based insights
to align curriculum with emerging
practice. For practitioners, the identified
trends in methods, tools, and application
domains provide direction for professional
development. For researchers, the mapped
knowledge landscape reveals high-
value opportunities — specifically at the
intersection of underdeveloped theoretical
foundations and empirical validation needs.

As the first comprehensive meta-analysis
of this extensive dataset, this research es-
tablishes both a historical record of systems
engineering’s past development and a stra-
tegic guide for shaping its future direction.
By systematically documenting the disci-
pline’s intellectual growth, social dynamics,
and validation mechanisms, the study
provides an evidence-based foundation for
enhancing systems engineering’s capacity to
address increasingly complex sociotechni-
cal challenges in the 21st century.

B. Key Findings

For readers interested in the methodo-
logical details of the database underlying
these findings, details are provided in the
Appendix under Methodological Details:
International Symposium Submission
Database.

1. Conference Overview

The International Symposium has main-
tained a robust global presence throughout
the past fourteen-year analysis period,
demonstrating INCOSE’s commitment
to fostering international engagement
within the systems engineering community.
Between 2012 and 2025, the symposium
rotated across twelve distinct locations
spanning three continents, with venues dis-
tributed across North America (8 locations
including Seattle, Las Vegas, Washington
DC, and Honolulu), Europe (3 locations
including Edinburgh, Rome, and Dublin),
and Australia (Adelaide). This geographic
distribution pattern, while intentionally
international, reveals a notable concen-
tration in North American venues, which
comprise approximately 67% of the total
hosting locations.

The symposium’s submission volume
exhibits a distinct temporal pattern char-
acterized by remarkable stability followed
by significant expansion. From 2012 to
2022, submissions maintained consistent
annual volumes ranging between 200-300
contributions. However, the post-pandemic
period witnessed an unprecedented surge
in participation, with submission counts
escalating dramatically to 411 in 2023,
peaking at 576 in 2024, before moderating
slightly to 404 in 2025. This pronounced
growth coincides with the return to
in-person conference formats after the
virtual-only events necessitated during the
COVID-19 pandemic (2020-2021).

Throughout the fourteen-year period, the
symposium has maintained four primary
contribution tracks — papers, presentations,
panels, and tutorials — but their relative
prominence has undergone significant
transformation. The early period (2012-
2017) featured overwhelming dominance
of the papers track, which constituted the
primary vehicle for knowledge exchange.

A pivotal shift occurred in 2018 with

the introduction of the presentations

track, which rapidly gained traction and
achieved near parity with papers by 2024.
This structural shift from predominantly
paper-based dissemination toward more
diverse presentation formats suggests a
strategic rebalancing of formal documenta-
tion and interactive knowledge sharing. The
swift adoption of the presentations format
indicates growing demand for dynamic,
demonstration-oriented venues to share

emerging practices and tools and testing
early-stage concepts, particularly as mod-
el-based approaches mature.

Collectively, the geographic patterns,
submission volume trends, and track evolu-
tion provide critical context for interpreting
disciplinary health — which will be further
explored in subsequent sections — and gives
structure to evaluate discipline’s unfolding
during this pivotal period of methodologi-
cal transition.

2. Authorship Patterns

Analyzing the authorship patterns in
the INCOSE International Symposium
from 2012-2025 reveals a complex social
architecture that shapes how systems engi-
neering knowledge forms. The data paints a
portrait of both stability and flux within the
community’s participation dynamics.

Notably, the symposium’s author de-
mographics exhibit substantial turnover
rates, with yearly retention averaging
approximately 43%. Despite this apparent
instability, the community has experienced
significant growth in active contributors,
particularly during 2022-2024, culminating
in a peak of 1,071 unique authors in 2024.
This expansion is continually refreshed by
new participants, who constitute an average
of 61% of each year’s contributor pool. Such
demographic patterns suggest a discipline
that maintains vitality through brand-new
perspectives while simultaneously strug-
gling with participant retention.

Contribution patterns demonstrate
pronounced concentration within the
authorship population. The distribution of
intellectual output follows a classic pow-
er-law relationship characteristic of most
knowledge-production communities (Gini
coeflicient of 0.45). The upper echelon
of contributors - specifically the top 1%

— accounts for 13.2% of all submissions,
while the top 10% generates 43.5% of total
content. This concentration becomes even
more striking when juxtaposed with the
finding that 68.6% of authors (3,301 indi-
viduals) contributed only once throughout
the fourteen-year period. In contrast, the
most prolific individual author generated
74 submissions — equivalent to continuous
participation averaging more than five
contributions annually.

The longitudinal analysis of collaboration
reveals subtle yet meaningful explanation
in how systems engineering knowledge
is co-created. Solo authorship has expe-
rienced a modest decline (from 33.4% in
2012 to 28.0% in 2025), accompanied by
corresponding increases in team-authored
submissions. This gradual shift suggests
a discipline increasingly incorporating
integrative perspectives when addressing
advanced systems engineering challenges.
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Figure 1. International Symposium conference locations

Note: The geographic distribution of the International Symposium
(IS) conference locations from 2012-2025. The visualization
maps 12 distinct host cities across North America, Europe, and
Australia using a geospatially accurate WGS84 projection. The map
highlights the conference's international rotation strategy, with
strong representation in North America (7 locations: Seattle, Las

One striking finding is how future
participation correlates with previous
engagement. First-time contributors face
what might be termed a “steep experience
gradient,” with only 5.3% returning in the
subsequent year. However, this frequency
rises dramatically with accumulated
experience, reaching 67.6% for those with
seven or more years of participation history.
This pattern creates a self-reinforcing
dynamic where established contributors
become increasingly embedded in the
community while newcomers largely depart
- effectively establishing a stable core amid
peripheral flux.

The collaboration network analysis
further illuminates the social structure
underlying systems engineering knowledge
production. Simpson’s diversity indices
reveal that researchers who develop con-
nections with diverse collaborators tend
to engage in more substantive distributed
collaborations across projects. The relation-
ship between collaboration breadth and
depth intensifies at higher values, suggest-
ing a network effect where well-connected
contributors unlock exponentially more
opportunities for meaningful engagement
across the discipline.

These authorship patterns highlight an
intellectual ecosystem with pronounced
stratification - a discipline where knowl-

international-events.

edge contribution follows distinctive pat-
terns of concentration and where participa-
tion experiences differ markedly between
established and new contributors. Under-
standing these dynamics provides crucial
insight into both the resilience mechanisms
and vulnerability points within systems
engineering’s knowledge architecture.

3. Content Evolution

The analysis of International Symposium
submissions provides deep insight into
the intellectual development of systems
engineering over the past fourteen-year
period. These patterns manifest not merely
as fluctuations in topic popularity, but as
indicators of how the discipline conceptual-
izes, approaches, and engineers systems.

Interestingly, contribution types
demonstrate remarkable stability in their
proportional distribution across the study
period. Methodological contributions
consistently dominate the knowledge land-
scape, comprising 30-40% of submissions
annually. This prevalence underscores a
discipline occupied primarily with devel-
oping structured approaches, frameworks,
and processes to address complex system
challenges. Tools and technologies follow
closely behind, maintaining 25-30% of
submissions — a testament to systems
engineering’s practical orientation toward
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Vegas, Washington DC, Orlando, Philadelphia, Detroit, Honolulu)
and Europe (4 locations: Edinburgh, Rome, Dublin, Ottawa), plus
one location in Australia (Adelaide). A red annotation indicates
the 2020-2021 virtual conferences conducted during the COVID-19
pandemic. Data source: https://www.incose.org/events/incose-previous-

operationalizing frameworks through tan-
gible implementations.

Around 2015, a subtle but notable shift
occurred: applications-focused submissions
experienced a modest decline, coinciding
with a complementary increase in method-
ological contributions. This inflection point
suggests a disciplinary pivot away from
implementation case studies, instead am-
plifying efforts toward method and process
development.

The most pronounced transformation
appears across the landscape of systems
engineering approaches. Model-based
systems engineering (MBSE) approaches
have demonstrated continuous growth
throughout the study period, rising from
approximately 30% to 40% of submissions.
This growth trajectory accelerated nota-
bly after 2020, establishing MBSE as an
increasingly dominant paradigm within the
discipline. This ascendance has occurred
in parallel with a proportional decline in
traditional, document-centric approaches,
suggesting a zero-sum relationship where
MBSE gains have come at the expense of
content interested in foundational systems
engineering approaches.

Application domains exhibit equally re-
vealing pattern shifts. Computing, software,
and intelligent systems are emerging as
increasingly central for systems engineer-




vID3dS

=
2
-
(=
)
m

600

400

200

Number of Submissions by Track

0 o

NI

n=576

n=411

n=404

n=474 100%
80% X
(=]
D
60% =
Q
=
40% 9
&
20% =3

] ] .

o
N
r]/Q

Year

A D O R N D A O
U
S S S qp’lf ,19'1/ q,& rL& q/& ,LQ'L

Track =@ Panel 88 Paper

Presentation =@ Tutorial

Figure 2. Submission trends by track type and annual acceptance rates (2012-2025)

Note: A dual-axis visualization showing the evolution of INCOSE
submissions over time. The stacked bars represent the absolute
number of submissions categorized by track type (Papers,
Presentations, Panels, Tutorials, and Other), with each type
distinguished by color according to the INCOSE color palette. The
line overlay, referenced on the secondary y-axis, tracks the annual
acceptance rate per track as a percentage. Labels above each
bar indicate the total submission count for each year (n=value).

The general trend shows a stable submission volume from 2012-
2021, followed by a significant spike in 2023 (n=576), with papers
dominating early years while presentations gained substantial
share from 2018 onward, all accompanied by a notable decline in
acceptance rates after 2021. Data source: International Council
on Systems Engineering International Symposium submission
database (2012-2025). Author's calculations.

ing practice, showing consistent growth
particularly in recent years. This upward
trajectory corresponds with the proportion-
al decline of domain-free approaches since
2020, suggesting a disciplinary movement
away from generalized methodologies to-
ward specialized implementations tailored
for digital engineering and computational
environments.

Meanwhile, traditional systems engi-
neering domains maintain their stronghold
despite these shifts. Aerospace and defense
applications, coupled with commercial and
industrial systems, demonstrate moderate
yet stable representation throughout the
study period. This constancy amid meth-
odological transformation indicates these
sectors’ enduring importance as proving
grounds for systems engineering approach-
es, even as the discipline diversifies its
application contexts.

The gradual alignment between MBSE’s
methodological growth and the increasing

prevalence of computing, software, and Al
applications reveals a deeper narrative of
disciplinary convergence. Systems engi-
neering is increasingly operating in digital
contexts where model-based approaches
provide natural interfaces to software
engineering methods. This alignment
facilitates integration across disciplines that
were previously separated by incompatible
representations — potentially enabling more
sophisticated processes to increasingly
software-intensive systems.

What arises from these patterns is not
merely a catalog of changing topics but
a portrait of a discipline in transition -
developing from its practice-driven origins
toward greater technological sophistication
while maintaining connection to traditional
application domains. This reorientation
suggests systems engineering is not simply
adopting new tools but fundamentally
reconceptualizing how engineered systems
are understood, designed, and implemented

in an increasingly digital world.

4. Acceptance Dynamics

The acceptance analysis examines the
systemic patterns in the symposium’s
review process, investigating what submis-
sions achieve acceptance, whether evalua-
tions demonstrate consistent fairness, and
which factors most significantly predict
outcomes. Figure 2 demonstrates signif-
icant variation across submission tracks,
with papers showing higher average accep-
tance rates (67.4%) compared to presenta-
tions (42.8%), panels (54.8%), and tutorials
(38.9%). This distribution primarily reflects
the supply and demand dynamics of the
technical program — where program capaci-
ty constraints and allocation decisions meet
submission quality and quantity.

Systems thinking, complexity, and
sociotechnical approaches demonstrate
the highest acceptance rate (67.6%) among
engineering methodologies, suggesting



preference for integrative perspectives that
encompass both technical and social di-
mensions of systems engineering. Submis-
sions by authors with academic affiliations
achieve substantially higher acceptance
rates (65.0%) compared to non-academic
authors (53.1%), indicating potential differ-
ences in how scholarly and practitioner-ori-
ented contributions are evaluated.

A logistic regression statistical model
reveals that acceptance decisions follow
consistent (unbiased) evaluation patterns
rather than arbitrary judgments, with the
model achieving exceptional explana-
tory power (McFadden R*: 0.465; AUC:
0.848). Key predictors of acceptance
include reviewer evaluations (the strongest
predictor), track type, and author team
composition. Overall, the model confirms
the review process operates with reason-
able fairness, without evidence of bias or
manipulation.

Most notably, the temporal analysis re-
veals a significant year-over-year decline in
acceptance rates from approximately 90%
in 2012 to 40% by 2025, holding all other
factors constant. This pronounced time
effect suggests increasing selectivity and
standards as the symposium has grown,
independent of changes in submission
volume, quality, or composition. The virtual
conference format during COVID-19
(2020-2021) demonstrates a significant
positive effect on acceptance probability
(OR=3.216, p<0.05), suggesting these ex-
ceptional circumstances greatly influenced
acceptance dynamics.

The experience gradient in acceptance
patterns is particularly noteworthy. Sub-
missions featuring experienced authors
(those with multiple years of symposium
participation) show progressively higher
acceptance probabilities. This creates a rein-
forcing cycle where established contributors
maintain greater inclusion in the technical
program, potentially creating structural
barriers for newcomers whose perspectives
might challenge established thinking.

These acceptance patterns reveal a tech-
nical program that results from merito-
cratic evaluation and systematic structural
influences. Collectively, these shaping both
what enters the systems engineering knowl-
edge base and how the discipline develops.

C. Implications for Systems Engineering
Community

The patterns uncovered in this longitu-
dinal analysis suggest potentially important
implications for the systems engineering
community. While these findings specif-
ically reflect this particular knowledge
exchange venue, these findings may
indicate broader trends worthy of further
investigation.

At the community’s core lies what might
be termed the “hourglass network” struc-
ture. The International Symposium submis-
sion data reveals thousands of contributors
entering at the top, yet narrows dramatically
as just 10% of these participants generate
nearly half of all intellectual output. This
concentration suggests both potential stabil-
ity and possible vulnerability. The small core
of prolific contributors appears to function
as intellectual stewards, potentially main-
taining continuity at the cost of filtering
innovation. Additionally, this structure may
create conditions where certain perspectives
receive disproportionate representation in
the formal knowledge base.

The “94% problem” — where approxi-
mately 94% of first-time contributors to
the IS do not return the following year
- represents a concerning pattern within
this particular knowledge venue. This high
attrition rate suggests the possibility of lost
intellectual diversity, as new perspectives
may depart before they can meaningfully
contribute to the discipline’s development
through this forum. This pattern might
indicate challenges in the knowledge
transfer mechanisms within the symposium
context, though additional research would
be needed to determine whether these con-
tributors engage through other venues.

The potential knowledge transfer chal-
lenges become particularly noteworthy
when considered alongside the document-
ed shift toward model-based approaches.
While MBSE provides enhanced computa-
tional capabilities, it represents a funda-
mental change in how systems knowledge
is represented and manipulated. The sym-
posium data indicates MBSE submissions
have increased from approximately 30% to
40%, suggesting growing prominence of
modeling approaches that may require dif-
ferent competency development pathways
than traditional document-centric systems
engineering.

This transformation occurs within a dis-
cipline that demonstrates limited empirical
validation research, representing just 3% of
symposium contributions across four-
teen years. Without systematic validation
of which approaches deliver measurable
value in specific contexts, the systems
engineering community may lack sufficient
evidence-based research to guide effective
methodological selection. This relative
absence of validation studies within the
symposium suggests a potential gap that
merits attention.

The institutional dynamics revealed in the
acceptance analysis add another important
dimension. The academic-industry divide
- reflected in the 12% acceptance rate gap
between scholarly-affiliated and practitioner
submissions — suggests the possibility of

parallel knowledge streams that may evolve
with limited cross-pollination.

Geographic representation patterns
suggest North American perspectives
predominate in this venue (approximately
50% of contributors), potentially limiting
the diversity of thought represented. This
geographic concentration may reflect sym-
posium location patterns or other factors
requiring further investigation.

These patterns collectively suggest a
discipline likely approaching an inflection
point with different possible trajectories.
The systems engineering community might
benefit from thoughtful consideration of
how to balance methodological innovation
with knowledge transfer mechanisms that
preserve valuable experiential wisdom. As
model-based approaches continue advanc-
ing, ensuring the development of comple-
mentary systems thinking and non-techni-
cal competencies may prove essential.

With deliberate action, the systems
engineering community could potentially
enhance mechanisms that systematically
capture experiential knowledge, validate
effective practices through empirical
research, and create knowledge transfer
pathways that combine modeling proficien-
cy with robust foundational approaches.
This might involve reimagining knowledge
transfer not merely as document-based or
model-based, but as a multifaceted learning
system that addresses both explicit and
tacit dimensions of systems engineering
expertise.

By understanding these potential dynam-
ics within the IS context, stakeholders may
gain insights that help intentionally shape
community development strategies, prevent
inertia, and strengthen the discipline’s
capability to address increasingly complex
sociotechnical challenges.

D. Recommendations for Stakeholders

Based on the comprehensive analysis
of INCOSE’s International Symposium
data from 2012-2025, the following evi-
dence-based recommendations emerge for
key stakeholders in the systems engineering
ecosystem:

1. For INCOSE Leadership

Engineer a compelling value ecosystem
for new contributors. The data reveal a fun-
damental value gap, evidenced by only 5.3%
of first-time contributors returning the
following year. This requires reimagining
the contributor experience as an integrated
system with compounding benefits:

1. Implement a strategy that pairs estab-
lished contributors with newcomers
to preserve institutional wisdom
while infusing fresh perspectives.
This connection would address the
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vulnerability created by the current
hub-and-spoke community structure
where knowledge concentration in

a small core creates both opportu-
nity and risk. Consider structured
mentorship programs, collaborative
submission opportunities, and recog-
nition systems that reward knowledge
transfer activities between experi-
enced and emerging contributors.

2. Strategically diversify conference
locations to expand global partic-
ipation. The geographic analysis
demonstrates that regional proximity
significantly impacts author partic-
ipation patterns, with clear cluster-
ing effects around host locations.
Implementing a more balanced global
rotation strategy — particularly in-
creasing representation in Asia-Oce-
ania and underrepresented European
regions — could catalyze engagement
from burgeoning systems engineering
communities. However, this should
be done in balance to mitigate dis-
rupting the mature North American
community.

3. Elevate integration of modeling
approaches with implementation
evidence. The increasing representa-
tion of MBSE submissions creates an
opportunity to strengthen connec-
tions between modeling methodolo-
gies and practical outcomes. Con-
sider implementing pathways that
encourage contributors to demon-
strate how modeling approaches
translate to measurable systems
improvements, dedicated tracks
highlighting implementation results,
and cross-disciplinary dialogues
that connect modeling practitioners
with domain experts and academic
researchers. This integration would
enhance knowledge transfer while
providing more substantive value for
symposium participants across the
theory-practice spectrum.

2. For Systems Engineering Educators and
Researchers

1. Develop integrated MBSE-systems
thinking curricula that bridge the
technical-conceptual divide. The
data reveals simultaneous growth in
model-based approaches and strong
demand for systems thinking, com-
plexity, and sociotechnical perspec-
tives suggests powerful innovation
potential at their intersection.

2. Target research toward identified
knowledge gaps in the systems
engineering landscape. The relative
underrepresentation of empirical
validation, theoretical foundations,

and certain application domains
(particularly infrastructure systems)
represents high-value research oppor-
tunities.

3. Design research programs that ex-
plicitly bridge academic-practitioner
divides. Collaborative research initia-
tives with mixed academic-industry
teams could help overcome the docu-
mented participation and acceptance
gaps between these communities.

4. Cultivate transdisciplinary research
communities that extend beyond
traditional systems engineering
boundaries. The growth in systems
engineering approaches suggests
fertile ground for cross-disciplinary
innovation, particularly with fields
like cognitive science, complexity
theory, and sustainability.

3. For Systems Engineering Practitioners

1. Amidst developing model-based
competencies, invest in empirical
awareness and theoretical under-
standing. The clear trend toward
MBSE approaches indicates this is
becoming the dominant paradigm,
however, the higher acceptance rates
for research-oriented submissions
suggests demand for valuable insights
outside technical contributions.

2. Structure knowledge capture and
dissemination to better translate
practice into formal contributions.
The underrepresentation of applica-
tion-based, empirically rich papers,
coupled with lower acceptance rates
for non-academic contributions,
points to opportunities for prac-
titioners to more effectively share
implementation experiences.

3. Develop personal collaboration
networks that span academic and
industry boundaries. The data shows
increasing collaboration breadth and
depth among authors, suggesting net-
work development represents a vital
strategic resource for both knowledge
access and contribution impact.

4. Leverage symposium participation
for strategic learning. The document-
ed pattern of increasing content to-
ward MBSE and computing, software,
Al domains provide valuable insights
for organizational capability develop-
ment and workforce planning.

These recommendations, grounded
in the empirical evidence from fourteen
years of INCOSE symposium data, offer a
roadmap for strengthening both individual
participation and collective advancement of
the systems engineering discipline during
a period of significant paradigmatic and

community transformation.

E. Conclusion

This comprehensive analysis of the IN-
COSE International Symposium highlights
a systems engineering discipline in trans-
formation — methodologically, structurally,
and culturally. As the field continues to
grow, two major critical decision points
will likely heavily influence its development
and impact. First, the discipline currently
faces the challenge of either maintaining its
traditional identity as a technically oriented
discipline focused on practical methodolo-
gies or developing more robust foundations
that could establish a distinctive episte-
mological framework beyond process-ori-
ented approaches. Second, the discipline’s
ability to effectively bridge the divide be-
tween academic research and practitioner
implementation, while creating viable
engagement pathways for new contributors
globally, will determine whether it becomes
a truly cross-cutting field or becomes in-
creasingly specialized with a concentrated
knowledge base.

The remainder of this report is organized
into four major sections that systematical-
ly examine the International Symposium
knowledge ecosystem. Section II (Authors
Analysis) explores the social architecture
behind INCOSE contributions, analyz-
ing geographic distribution, institutional
affiliation patterns, and collaboration net-
works that shape knowledge creation and
dissemination. Section III (Topics Anal-
ysis) investigates the intellectual content
evolution through track types, contribution
categories, methodological approaches,
and application domains, revealing how
systems engineering’s substantive focus has
transformed over fourteen years. Section
IV (Acceptance Analysis) examines the
technical review mechanisms that filter and
validate systems engineering knowledge,
identifying factors that predict submission
acceptance and how these patterns reflect
disciplinary priorities. Section V (Discus-
sion and Future Directions) synthesizes
these findings into a cohesive narrative
of disciplinary transformation, offering
strategic recommendations and research
opportunities to address identified knowl-
edge gaps and community challenges. The
Appendix provide detailed methodological
documentation, providing analytical trans-
parency for future research.

The findings from this study ultimate-
ly offer stakeholders — from INCOSE
leadership to educators, researchers, and
practitioners - evidence-based insights
to navigate the critical decisions that lay
ahead. By understanding the discipline’s
intellectual, social, and validation archi-
tectures, stakeholders can intentionally
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mapping functions to ensure proper geographic attribution.
The map was generated with WGS84 projection (EPSG:4326) for
accurate global positioning. Country labels are applied to the top
10 contributing nations to minimize obscuration while maintaining
readability. Data source: International Council on Systems
Engineering International Symposium submission database (2012-
2025). Author's calculations.

shape its trajectory toward greater innova-
tion, inclusivity, and real-world impact in
addressing increasingly complex social and
technical challenges.

Il. AUTHORS ANALYSIS
A. Introduction

The systems engineering discipline
constitutes its own sociotechnical system
whose shape is defined by the contributing
community. This section examines the
human infrastructure behind INCOSE
International Symposium contributions
from 2012 to 2025, revealing patterns that
illuminate how knowledge is generated,
disseminated, and concentrated within the
field.

By analyzing metadata from 4,813
unique authors across 4,038 submissions,
we uncover the social architecture that
influences which methodologies gain trac-
tion, how knowledge diffuses through prac-
tice, and where barriers to participation
may exist. The investigation addresses four
critical dimensions: geographic distribution
patterns, institutional affiliation trends,
productivity and collaboration networks,
and longitudinal participation dynamics.

These patterns reveal more than merely

who contributes — they illuminate prop-
erties of the systems engineering knowl-
edge creation itself. The analysis suggests
the dynamic of what might be described
as an “hourglass network” of knowledge
exchange within systems engineering. This
distinctive structure is characterized by
broad initial participation at the top, a nar-
row filtering mechanism through a small
core of prolific contributors in the middle,
and wide diffusion of established concepts
at the bottom.

Through quantitative analysis of author
demographics and contribution behavior,
we gain insight into the underlying mech-
anisms that drive the discipline’s develop-
ment during a period of significant meth-
odological transformation. The following
provides evidence-based insights into the
community structures that both enable and
potentially constrain systems engineering’s
intellectual evolution.

B. Geographic & Affiliation Patterns

This section explores the geographical
and institutional composition of systems
engineering as reflected in International
Symposium contributions, revealing how
knowledge development in the field is

shaped by regional concentrations and
organizational affiliations.

1. Global Distribution with Regional
Concentration

Analysis of author geographic data re-
veals a discipline with worldwide partici-
pation but significant regional imbalances,
see Figure 3. The United States dominates
the contributor landscape, accounting for
approximately 50% of all authors across the
study period. European nations collective-
ly form the second major hub, with the
United Kingdom (6%), Germany (5%), and
France (5%) leading regional participa-
tion. The Asia-Oceania region shows more
modest but consistent representation, with
Australia (3%), Japan (2%), and India (2%)
emerging as key nodes in this region.

This geographic distribution creates
natural network effects that influence
both knowledge diffusion patterns
and methodological preferences. The
concentration of authors in North America
and Western Europe establishes these
regions as dominant knowledge production
centers — which correspond to conference
location preference - potentially creating
echo chambers where geographically
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Figure 4. Demographics by dffiliation types and regional distribution (2012-2025)

Note: Dual-axis visualization illustrating the evolution of INCOSE
author demographics over a 14-year period. The stacked bars
represent the absolute number of affiliations categorized
(Academic, Government, Industry, and Retired/Self) across all
submissions, with industry consistently forming the foundation
of contributions. The overlaid lines, referenced on the secondary
y-axis, track the percentage of authors by geographic sector
(Americas, EMEA, and Asia-Oceania). Notable trends include a

dramatic increase in academic contributions during 2023-2024,
with submissions nearly tripling compared to earlier years. The
Americas maintain the highest regional representation throughout
the period (50-65%), while EMEA shows moderate fluctuation
(25-40%), and Asia-Oceania remains a smaller but consistent
contributor (10-15%). Data source: International Council on Systems
Engineering International Symposium submission database (2012-
2025). Author's calculations.

favored approaches experience easier
acceptance. Meanwhile, regions with lower
representation, particularly Eastern Europe,
Africa, and parts of Asia, remain at the
periphery of formal knowledge networks
despite potentially offering unique systems
engineering perspectives shaped by
different sociocultural contexts.

2. Institutional Affiliation Dynamics

The systems engineering community’s
institutional composition reveals both
remarkable compositional consistency and
significant growth during the study period,
as illustrated in Figure 4. Industry affilia-
tions form the backbone of the contributor
ecosystem (60-70% of authors), reflecting
the discipline’s foundation in practical
application rather than stemming from the-
oretical investigation. However, a dramatic
academic surge emerged during 2023-2025,

with scholarly-affiliated participation nearly
tripling compared to earlier years — poten-
tially signaling a burgeoning shift in sys-
tems engineering’s intellectual landscape.

This institutional shift unfolded across
three distinct phases: a modest diversifica-
tion period (2016-2019) featuring increased
government participation; a pandemic-era
stabilization (2020-2021) where institution-
al proportions remained relatively steady
despite disrupted conference formats; and
finally, the substantial academic expansion
(2023-2025) that coincided with accelerated
adoption of MBSE approaches, suggest-
ing potential synergy between academic
growth and the demands that come from
methodological sophistication.

National variations in institutional affil-
iation reveal distinctive systems engineer-
ing ecosystems across countries, detailed
in Table 1. France (85.0%) and India

(83.0%) demonstrate pronounced industry
dominance, creating knowledge environ-
ments focused on implementation rather
than scholarly research. Norway presents
a contrasting profile with strong academ-
ic concentration (60.6%), while Sweden
exhibits the most balanced public-private
integration with substantial government
participation (12.6%) alongside robust
academic representation (45.9%). Japan’s
complete absence of government-affiliated
contributors (0.0%) paired with strong
industry presence (76.2%) indicates a
corporate-driven systems engineering
landscape largely disconnected from public
sector engagement.

The United States maintains near-
equilibrium between industry (50.7%)
and academia (41.1%), establishing a
balanced knowledge exchange environment
where research advances and practical



Table 1. Geographic distribution of authors by affiliation type (2012-2025)

Team Size (%)

Solo Author 2-3 Authors 4+ Authors
2012 334 49.4 17.2
2013 38.9 42.4 18.7
2014 36.8 41.9 213
2015 379 39.6 225
2016 321 431 24.8
2017 30.2 46.8 23.0
2018 313 479 20.8
2019 40.3 40.8 18.9
2020 327 511 16.2
2021 28.4 51.0 20.6
2022 36.9 46.0 17.2
2023 28.9 46.5 24.7
2024 321 47.6 20.4
2025 28.0 48.8 233

Notes:

1. Annual distribution of INCOSE submissions across three dimensions: team size,

geographic region, and author affiliation. Team composition has shifted moderately
over time, with a slight decline in solo authorship (from 33.4% in 2012 to 28.0% in 2025)
and a corresponding increase in collaborative submissions, particularly in the 2-3
author category (consistently representing 40-51% of submissions). Geographically,
Americas-affiliated authors have maintained dominant representation (averaging
approximately 64%), while EMEA participation has fluctuated (26-52%), and Asia-
Oceania has maintained a smaller but consistent presence (13-29%). Industry-affiliated
authors have consistently contributed to 61-72% of submissions across the period, with
academic affiliation showing more variability (35-53%). Government and retired/self-
employed authors have maintained minor but steady representation.

. Team Size Percentage = (Number of Submissions of Team Size X)/(Total Number of
Submissions)/100. Sector Percentage = (Number of Submissions with at least one
Author from Sector X)/(Total Number of Submissions)/100. Affiliation Percentage =
(Number of Submissions with at least one Author from Affiliation X)/(Total Number
of Submissions)/100. Because submissions can include authors from multiple sectors
and affiliations, percentages within these categories may sum to more than 100% in
a given year. Data source: International Council on Systems Engineering International
Symposium submission database (2012-2025). Author's calculations.

implementations readily cross-pollinate.
This balanced institutional architecture
likely contributes to America’s dominant
position in systems engineering knowledge
production.

Regional patterns add further dimension
to this institutional landscape. The Amer-
icas exhibit the most balanced sectoral
composition with steadily increasing aca-
demic participation. Europe, Middle East,
and Africa (EMEA) demonstrates greater
institutional volatility, showing pronounced
oscillations between academic and industry
dominance that correlate with symposium

location patterns. Asia-Oceania maintains
the most stable institutional profile with
consistently high industry representation,
though subtle trends toward academic
growth began emerging around 2020.

3. Symposium Location Effects
The geographic location of the Interna-

tional Symposium demonstrates significant
influence on regional participation patterns
with an average 6% increase in submissions
from the hosting country. The symposium’s
rotation through the Americas (8 loca-
tions), EMEA (3 locations), and Asia-Ocea-

nia (1 location) reveals a distinct proximity
effect, where host regions experience an
approximately 10% increase in submissions
as well. This spatial gradient manifests
differently across institutional types — with
industry participants showing greater
sensitivity to location than their academic
counterparts — creating symposium-specific
institutional compositions that reflect the
interplay between professional travel con-
straints and regional systems engineering
concentrations.

As reported in Figure 1, the symposium’s
consistent rotation through North America
(Seattle, Las Vegas, Washington DC,
Orlando, Philadelphia, Detroit, Honolulu,
Ottawa), Europe (Edinburgh, Rome,
Dublin), and Australia (Adelaide) has helped
maintain global engagement. However, the
absence of symposium locations in Asia
(outside Australia), Africa, South America,
and Eastern Europe likely contributes to
underrepresentation from these regions.
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C. Author Productivity and Collaboration
Networks

This section examines the patterns of
knowledge creation and collaboration
within the systems engineering community,
revealing how intellectual contributions
are distributed among authors and how
collaborative networks evolve to shape the
discipline’s development through co-au-
thorship relationships.

1. Concentrated Knowledge Production
The systems engineering community
displays a typical concentration of intellec-
tual output, with productivity distributed
in a classic power-law pattern characteristic
of many creative and scientific disciplines.
Visualized in Figure 5, this concentration
manifests dramatically across the contrib-
utor spectrum. Single-submission authors
- who represent approximately 70% of
all contributors - account for only about
30% of total submissions, creating a 0.5x
disproportionality between their numerical
presence and intellectual contribution. At
the opposite extreme, the most prolific au-
thors (classified as those with >10 submis-
sions over the observed period) constitute
a remarkably small fraction of contributors
yet generate submissions at a 9.4x dispro-
portionality rate relative to their numbers.
This pattern of concentration becomes
even more pronounced when examined
through a Lorenz curve of submission con-
centration across authors, see Figure 6. The
curve quantifies how submission output
distributes across the author population, re-
vealing that the top 1% of authors account
for 13.2% of all submissions pooled across
2012-2025, while the top 10% contribute a
remarkable 43.5% of the intellectual output.
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Figure 5. Author productivity distribution in the inverse relationship between submission volume and author count (2012-2025)

Note: The percentage of authors (blue) and the percentage of total
submissions (red) across different submission frequency groups.
Single-submission authors represent approximately 70% of all
contributors but account for only about 30% of total submissions
(2012-2025) (0.5x disproportionality). Conversely, the most prolific
authors (>10 submissions) represent a tiny fraction of contributors
but generate a disproportionately large volume of submissions

(9.4x disproportionality). The multipliers above each bar indicate
the ratio of submission percentage to author percentage,
highlighting how submission output scales non-linearly with
author frequency. Data source: International Council on Systems
Engineering International Symposium submission database (2012-
2025). Author's calculations

The most prolific individual author contrib-
uted 74 submissions over the fourteen-year
period - representing nearly a submission
every ten weeks for over a decade — while
3,301 authors (68.6% of the total) submit-
ted only once. The Gini coefficient of 0.45
quantifies this inequality, indicating a high
concentration of contributions among a
relatively small proportion of authors.

This concentrated production pattern
creates a natural “hub-and-spoke”
knowledge architecture within the
discipline. The small cohort of highly
prolific contributors serves as central
knowledge nodes who disproportionately
influence systems engineering’s intellectual
trajectory. After further investigation,
this core group not only produces a
substantial portion of the discipline’s
formal knowledge but also exercises
outsized influence through editorial roles,
technical committee leadership, partnering
organizational leadership, and mentorship
relationships — further amplifying their
impact on disciplinary development.

The nuances of these concentrations

are evident in the data; however, due to
confidentiality constraints, these details are
not reported here.

2. Experience and Productivity Dynamics
The likelihood of an author contributing
to the symposium in any given year
exhibits a strong positive correlation with
prior participation history. As shown in
Figure 7, the frequency of participation
rises dramatically from just 5.3% for
authors with only one year of previous
experience to 67.6% for those with seven
or more years of participation. This steep
progression suggests a self-reinforcing
engagement pattern where longer histories
with the symposium translate into deeper
community integration and commitment.
Overall, the data reveals a critical
bifurcation in participation behavior:
despite high attrition rates (as will be
discussed in next section), a small core of
persistent authors becomes increasingly
committed to regular contribution. This
cohort develops into the backbone of
the publication’s submission pipeline,

explaining the concentration phenomenon
observed in the Lorenz curve while
providing stability to offset the high turnover
among newer contributors. Further, a
subsequent section analyzing acceptance
rates further substantiates this pattern,
demonstrating that experienced authors
enjoy significantly higher acceptance

rates. That is, submissions with multiple
experienced authors exhibit progressively
greater probability of their submission
being accepted into the program.

3. Collaboration Breadth and Depth

The systems engineering community
possess collaborative dynamics that extend
beyond simple co-authorship counts. Using
Simpson’s diversity indices to quantify the
multidimensional nature of collaborative
relationships, Figure 8 captures both the
breadth (effective number of unique collab-
orators) and depth (effective distribution
of collaborative projects) of knowledge
networks within the discipline.

For readers interested in the methodo-
logy underlying these findings, details
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Gini coefficient: 0.45

Cumulative % of Authors

Figure 6. Lorenz curve of submission concentration across authors (2012-2025)

Note: The cumulative distribution of submissions across all
authors. The x-axis represents the cumulative percentage of
authors (ordered from lowest to highest submission count), while
the y-axis shows the cumulative percentage of submissions. The
dashed diagonal line represents perfect equality (where each
author would contribute equally to the total submission count),
while the blue curve shows the actual distribution. Key statistics
highlight the concentration pattern: the top 1% of authors account

for 13.2% of all submissions, the top 5% contribute 31.9%, the top
10% contribute 43.5%, the top 20% contribute 56.5%, and the top
50% account for 76.2% of submissions. The most prolific author
contributed 74 submissions, while 3,301 authors (68.6% of the
total) submitted only once. The Gini coefficient of 0.45 quantifies
this inequality-indicating a moderate to high concentration of
submissions among a relatively small proportion of authors.

are provided in the Appendix under
Methodological Details: Simpson’s Indices for
Collaboration-based Network Analysis.

The visualization illustrates a strong
positive relationship between collaboration
breadth and depth, revealing a fundamental
pattern in systems engineering knowledge
networks — researchers who develop
connections with diverse collaborators tend
to engage in more substantive distributed
collaborations across projects. The non-
linear regression curve demonstrates
that this relationship intensifies at higher
values, suggesting a “network effect”
where established collaborators unlock
exponentially more opportunities for
meaningful project engagement.

The Top 10% cohort (n=230) represent-
ing researchers demonstrating exceptional
connectivity relative to the community, and
the Top 5% cohort (n=108) comprising the
core network influencers who significantly
shape disciplinary knowledge flows. The
remarkable outlier in the upper-right quad-

rant (effectively 50 collaborators equally
distributed across 40 projects) represents
a “super-connector” within the systems
engineering knowledge ecosystem.

Point sizing by submission volume adds
additional context, revealing how sustained
participation correlates with network devel-
opment. However, the substantial variabili-
ty across the plot highlights diverse collabo-
ration strategies — from focused specialists
who maintain deeper relationships with
fewer collaborators to broad connectors
who engage across the discipline.

Supporting these patterns, the longi-
tudinal analysis of collaboration network
breadth (Figure 9) reveals relatively stable
distribution of collaborative network sizes
across the fourteen years. Approximately
10-15% of authors work completely solo
each year (0 collaborators), while 20-25%
collaborate with only one other author. The
middle tiers of collaboration (authors with
2-4 collaborators) consistently represent
the most common pattern, accounting for

roughly 40-50% of all authorships.

This stability in collaboration breadth
suggests an established culture within
systems engineering that values moderate-
sized teams while maintaining space
for both solo practitioners and highly
networked contributors. When considered
alongside the author retention data,
this consistency indicates that even as
individual authors enter and exit the
community, the underlying collaborative
structure maintains remarkably stable
patterns of engagement.

While collaboration breadth has
remained relatively stable, the depth of
collaborative relationships shows more
pronounced evolution. As illustrated
in Figure 10, there is a clear trajectory
toward deepening collaborative ties
within the community over time. First-
time collaborations have gradually
decreased from approximately 85% in
2012 to about 65% by 2025, while repeat
collaborations show steady growth — with
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Figure 7. Submission likelihhood by author history (2012-2025)

Note: Thisfigureillustratesthestrongpositiverelationshipbetween
author experience and submission likelihood. The probability of an
author submitting in a given year rises dramatically with their prior
participation history, from just 5.3% for authors with only one year
of previous experience to 67.6% for those with seven or more years
of participation. Despite the high overall attrition rates shown
in the author retention analysis, this pattern reveals a critical
bifurcation in participation behavior: while most authors leave
after initial submissions, those who develop longer histories with
the symposium become increasingly committed contributors. The

steep progression suggests a self-reinforcing engagement pattern
where a small core of persistent authors become the backbone
of the publication's submission pipeline. This dynamic helps
explain the concentration phenomenon observed in the Lorenz
curve (Figure 8), as the institutional knowledge and continued
participation of these experienced authors disproportionately
shape the overall submission landscape despite the high turnover
among newer contributors. Data source: International Council
on Systems Engineering International Symposium submission
database (2012-2025). Author's calculations.

the proportion of second collaborations
nearly doubling over the period and third
and fourth-plus collaborations showing
even more pronounced relative increases.
Understandably, we observe a rapid
pullback from collaboration during the
COVID-19 pandemic met with an equally
quick resurgence in the years since.

The subtle shift in team composition
data from Table 2 further supports this
narrative. Solo authorship declined from
33.4% in 2012 to 28.0% in 2025, with
corresponding increases in collaborative
submissions, particularly in the 2-3 author
category (consistently representing 40-51%
of submissions). This gradual trend toward
increased team size suggests a discipline
slowly becoming more integrated, reflecting
the growing complexity of systems
engineering projects and methodologies.

D. Author Retention and Participation

This section investigates the engagement
patterns of authors within the systems
engineering community over time, focusing
on retention rates, career stage, and the
contrasting dynamics between newcomers
and established contributors that create a
dual system of peripheral fluidity and core
stability.

1. The Revolving Door

Analysis of author participation trajec-
tories reveals a consistent “revolving door”
pattern within the symposium. As detailed
in Table 3, yearly retention rates averaged
a modest 43% across the study period,
meaning that nearly 57% of authors in any
given year did not subsequently submit the
following year. This high attrition creates
a continuous influx of new perspectives,

with first-time contributors consistently
representing approximately 60% of each
year’s author pool.

This pattern manifests most dramatically
at career entry points. Only 5.3% of first-
time authors provide a submission the fol-
lowing year — implying a staggering 94.7%
immediate departure rate that suggests
most initial interactions with the sympo-
sium fail to generate sustained engagement.
The data reveals a critical vulnerability in
the community’s knowledge transfer mech-
anisms: the flagship event for the systems
engineering community appears remark-
ably ineffective at converting initial interest
into ongoing participation.

Temporal analysis reveals notable
variation in retention rates across the study
period. The highest retention occurred
in 2016 (66.8%) - coinciding with the
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Note: This visualization captures the multidimensional nature of
collaborative networks within the systems engineering community
through the lens of Simpson's diversity indices (see Methodological
Details in Appendices for details on metric calculation). Rather
than viewing collaboration as a simple count of co-authors, this
approach quantifies two complementary dimensions: breadth
(the effective number of unique collaborators) and depth (the
effective distribution of collaborative projects). For interpretation:
a given researcher exhibits X effective collaborators equally
distributed across Y effective projects. The strong positive
relationship between these dimensions reveals a fundamental
pattern in knowledge networks—researchers who develop
connections with diverse collaborators tend to engage in more
substantive distributed collaborations across projects. The non-
linear regression curve (red) demonstrates that this relationship
intensifies at higher values, suggesting a “network effect” where
established collaborators unlock exponentially more opportunities
for meaningful project engagement. The visualization identifies

symposium’s location in Edinburgh, which
may have attracted particularly committed
European contributors. The lowest
retention was observed immediately after

the initial observation year (17.4% in 2013).
However, this anomalously low initial
retention stems from a methodological
artifact rather than a genuine trend; with

9 16 25 36 64

community connectors through stratified highlight regions: Top
10% cohort (n=230): Researchers demonstrating exceptional
connectivity relative to the community. Top 5% cohort (n=108):
The core network influencers who significantly shape disciplinary
knowledge flows. The outlier in the upper-right quadrant (=50
effective collaborators, =40 effective projects) represents a
particularly noteworthy network hub—functioning as what
network theorists might call a "super-connector” within the
systems engineering knowledge ecosystem. Point sizing by
submissionvolume adds temporal context, revealing how sustained
participation correlates with network development. However,
the substantial variability across the plot highlights diverse
collaboration strategies—from focused specialists who maintain
deeper relationships with fewer collaborators to broad connectors
who engage across the discipline. Data source: International
Council on Systems Engineering (INCOSE) International Symposium
submission database (2012-2025).

systematic data collection beginning in
2012, the analysis lacks previous historical
context to properly identify returning
contributors in the early years, thus
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Figure 9. Trends in author collaboration network breadth (2012-2025)

Note: Stacked bar chart of collaboration patterns among INCOSE
International Symposium authors from 2012-2025. The distribution
reveals a relatively stable collaboration landscape over time, with
approximately 10-15% of authors working completely solo each
year (0 collaborators), while approximately 20-25% collaborate
with only one other author. The middle tiers of collaboration (2-4
collaborators) consistently represent the most common patterns,
accounting for roughly 40-50% of all authorships. Most notably,
highly networked authors with more than 8 unique collaborators
remain a persistent but small minority (5-10%) throughout the

period. These patterns suggest a field that values moderate
collaboration, with most authors maintaining connections to a
manageable network of 2-4 collaborators in any given year. When
considered alongside the author retention data (Table 1), this
stability in collaboration breadth indicates that even as individual
authors enter and exit the community, the underlying collaborative
structure of the systems engineering discipline has maintained
consistent patterns of engagement. Data source: International
Council on Systems Engineering International Symposium
submission database (2012-2025). Author’s calculations.

artificially deflating retention metrics until
sufficient longitudinal data accumulated
(“burn-in”). The virtual conference formats
during the COVID-19 pandemic (2020-
2021) showed no significant deviation from
historical retention patterns, suggesting
that participation dynamics are driven
more by disciplinary culture and career
trajectories than by logistical factors.

In sum, the data reveal the Matthew
Effect in systems engineering contributions
- where advantage accumulates to those
already established in the field. Returning
to Figure 7, the likelihood of continued
participation rises dramatically with experi-
ence, creating a self-reinforcing cycle where
established authors become increasingly
integrated into the community while new-
comers frequently depart. The combined
effect creates a powerful filter: newcomers
face both lower acceptance rates and higher

subsequent attrition (even when accepted
to the program), while experienced con-
tributors enjoy higher acceptance rates and
increasing participation frequency.

E. Conclusion

The social architecture found in this
analysis presents both strategic oppor-
tunities and fundamental challenges for
INCOSE’s mission to serve as “the world’s
trusted authority and forum for the prac-
tice, science, and art of systems engineer-
ing”

The “hourglass network” structure un-
covered here demands critical examination
not as a mere descriptive finding, but as a
systemic characteristic requiring inten-
tional design intervention. This structure —
where knowledge flows through a concen-
trated core of experts - raises fundamental
questions about knowledge democratiza-

tion, innovation diffusion, and institutional
resilience that directly impact INCOSE’s
ability to fulfill its mission.

Knowledge exchange — a cornerstone of
INCOSE’s purpose — appears constrained
by structural barriers evidenced in both
collaboration patterns and participation
dynamics. The significant disparity between
distribution of contributors and intellectual
production (Gini coefficient 0.45) suggests
not merely uneven participation but a
fundamentally different relationship with
knowledge creation across the community.
This stratification necessitates reimagining
knowledge exchange mechanisms beyond
traditional symposium formats to create
multi-directional flows that leverage
concentrated expertise while valuing
newcomer perspectives.

The education and application dimen-
sions of INCOSE’s mission face particular
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Figure 10. Trends in author collaboration network depth (2012-2025)
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Note: The historical depth of collaborative relationships among
INCOSE International Symposium authors over the 2012-
2025 period. The visualization reveals a clear trend toward
deepening collaborative relationships within the community.
While first-time collaborations constitute a substantial portion
of the activity each year, their relative dominance has gradually
decreased from approximately 85% in 2012 to about 65% by
2025. Correspondingly, repeat collaborations have shown steady
growth, with the proportion of 2nd collaborations nearly doubling
over the period and 3rd and 4+ collaborations showing even more

pronounced relative increases. Most notably, the most established
collaborative relationships (4+ collaborations) have expanded
from barely visible in 2012 to representing approximately 5% of all
collaborations by 2025. This pattern of strengthening collaborative
ties suggests an increasingly interconnected core community
where authors build upon successful prior working relationships.
Data source: International Council on Systems Engineering
International Symposium submission database (2012-2025).
Author's calculations.

challenges given the 94% first-time contrib-
utor attrition rate. This extraordinary drop-
out percentage suggests current knowledge
transfer mechanisms fail to create sus-
tainable engagement pathways - a critical
vulnerability for a discipline requiring both
technical depth and broad implementation.
Addressing this pattern requires reconcep-
tualizing educational approaches to create
progressive engagement strategies that
transform passive knowledge recipients
into active knowledge creators through
deliberate and effective scaffolding.
Research advancement, another key
mission element, appears potentially
constrained by the identified collaboration
patterns. The progression toward deeper
but potentially narrower collaborative
relationships (Figures 9-10) may inadver-
tently create intellectual silos that inhibit
cross-fertilization of methodologies. This

pattern necessitates deliberate creation of
boundary-spanning mechanisms that con-
nect disparate knowledge clusters without
disrupting the productive specialization
that drives methodological depth.

Rather than viewing these structural
characteristics as fixed constraints, IN-
COSE has opportunity to operationalize
them as design parameters for building a
more resilient knowledge ecosystem. The
current concentrated expertise represents
intellectual capital that could be strate-
gically deployed to accelerate newcomer
development and mentor innovators. The
geographic and institutional variations offer
potential for methodological cross-pollina-
tion rather than homogenization. The col-
laboration networks provide a foundation
for intentional knowledge bridging rather
than accidental knowledge isolation.

Systems engineering itself offers concep-

tual tools for this transformation - applying
systems thinking to the very community
that champions it. By conceptualizing the
INCOSE community as a complex adaptive
system with emergent properties, feedback
mechanisms, and self-organizing ten-
dencies, leaders can design interventions
that work with rather than against these
dynamics.

Ultimately, INCOSE’s effectiveness as the
global authority on systems engineering
depends not just on the technical content
it produces, but on the knowledge net-
work through which that content flows. By
addressing the socio-structural dimensions
revealed in this analysis, INCOSE can
evolve from primarily a knowledge reposi-
tory toward a dynamic knowledge network
that accelerates innovation, facilitates appli-
cation, and expands participation - thereby
fulfilling its mission to advance the prac-
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Table 2. Submission characteristics by team composition, geographic region, and author affiliation (2012-2025)

mn

g Sector (%) Affiliation (%)

ﬁ Americas EMEA Asia-Oceania Industry Academic Government | Self/Retired
51.0 45.5 131 68.8 42.0 4.8 6.1
67.5 32.5 14.3 66.0 50.3 4.4 4.4
56.6 32.4 21.3 62.5 52.2 37 6.6
70.3 26.4 15.4 72.0 401 4.4 6.6
53.3 47.4 15.9 69.9 47.0 6.3 8.0
60.0 332 28.5 66.0 46.8 7.2 8.1
74.3 28.8 14.9 62.9 493 7.6 9.4
69.1 29.6 16.7 63.5 47.2 6.0 9.4
474 51.8 19.9 61.4 48.9 4.0 9.2
63.2 39.7 17.7 61.8 52.5 83 10.3
69.3 325 14.6 69.0 35.8 4.7 17
741 293 13.9 68.2 38.6 7.6 8.8
65.7 36.2 13.8 69.2 40.6 6.5 5.9
70.1 29.0 141 62.1 46.8 4.0 5.9

Notes:

1. Annual distribution of INCOSE submissions across three (35-53%). Government and retired/self-employed authors have

dimensions: team size, geographic region, and author affiliation.
Team composition has shifted moderately overtime, with a slight
decline in solo authorship (from 33.4% in 2012 to 28.0% in 2025)
and a corresponding increase in collaborative submissions,
particularlyinthe 2-3 author category (consistently representing
40-51% of submissions). Geographically, Americas-affiliated
authors have maintained dominant representation (averaging
approximately 64%), while EMEA participation has fluctuated
(26-52%), and Asia-Oceania has maintained a smaller but
consistent presence (13-29%). Industry-affiliated authors
have consistently contributed to 61-72% of submissions across
the period, with academic affiliation showing more variability

maintained minor but steady representation.

. Team Size Percentage = (Number of Submissions of Team Size

X) / (Total Number of Submissions) / 100. Sector Percentage =
(Number of Submissions with at least one Author from Sector X)
/ (Total Number of Submissions) / 100. Affiliation Percentage =
(Number of Submissions with at least one Author from Affiliation
X) / (Total Number of Submissions) / 100. Because submissions
can include authors from multiple sectors and affiliations,
percentages within these categories may sum to more than
100% in a given year. Data source: International Council on
Systems Engineering International Symposium submission
database (2012-2025). Author's calculations

tice, science, and art of systems engineering
in an increasingly complex world.

Ill. TOPICS ANALYSIS
A.Introduction

The intellectual pursuit of a discipline
reveals itself through what its researchers
and practitioners choose to study, the
methodologies they adopt, and the domains
where they apply their expertise. This
section examines the topical landscape of
systems engineering as reflected in INCOSE
International Symposium submissions from
2012 to 2025 - tracking methodological
shifts, conceptual developments, and
application domains during a period of
significant transformation in systems
development practices.

By analyzing the content of 4,038
submissions across a fourteen-year period,

we look at how systems engineering has
matured both conceptually and practically.
The core of this analysis employs a three-
dimensional classification framework that
categorizes submissions by contribution
type (what kind of research artifact is being
presented), systems engineering approach
(what methodological paradigm is being
utilized), and application domain (where
these approaches are being implemented).
Together, these aspects provide a broad
portrait of knowledge production and
specialization across the discipline.

Beyond merely cataloging and classifying
content, this analysis seeks to illuminate
the research architecture that shapes
systems engineering practice — revealing
how certain approaches gain prominence,
which domains receive sustained attention,
and where knowledge gaps exist today.

The shifting balance between traditional
document-centric approaches and
emerging model-based methodologies
suggests not merely incremental changes

in practice, but potentially fundamental
realignments in how systems engineering is
conceptualized, studied, and executed.

The findings presented here offer a
macro-level view that complements the
community dynamics observed in the
previous section. Where the authors
analysis explored who participates
in systems engineering knowledge
production, this section examines what
they choose to create.

For readers interested in the classification
methodology underlying these findings,
details are provided in the Appendix
under Methodological Details: Submission
Classification Analysis.



Table 3. Author participation dynamics and retention rates (2012-2025)

1. Annual flow of authors in INCOSE submissions over a 14-year

period, tracking new entrants, returning contributors, and those
who discontinue participation. Despite substantial growth
in active authors from 2022-2024 (peaking at 1,071 authors
in 2024), the retention rate has remained relatively modest,
fluctuating between 17.4% and 66.8% (average approximately
43%). The consistent influx of new authors (averaging about
60% of each year's contributor pool) indicates both continued
interest in the field and significant turnover in the contributor
base. The highest retention occurred in 2016 (66.8%), while the
lowest was observed immediately after the initial year (17.4%
in 2013). This pattern suggests that while INCOSE continues

Active New Returning Leaving Retention Rate Attrition Rate

Authors Authors Authors Authors (%) (%)
2012 568 568 0 0 0.0 0.0
2013 395 296 99 469 17.4 82.6
2014 272 163 109 321 27.6 81.3
2015 307 184 123 195 45.2 .7
2016 584 379 205 202 66.8 65.8
2017 430 258 172 443 29.5 75.9
2018 538 343 195 308 453 7.6
2019 375 197 178 418 331 777
2020 472 292 180 273 48.0 72.8
2021 419 230 189 363 40.0 76.9
2022 539 312 227 291 54.2 69.5
2023 828 514 314 366 58.3 67.9
2024 107 643 428 571 51.7 69.0
2025 775 425 350 799 327 74.6

Notes:

to attract new contributors, maintaining their ongoing
participation remains a challenge, with nearly three-quarters of
authors typically not returning in subsequent years.

2. Active Authors represents unique authors in a given year. New

Authors are first-time submitters. Returning Authors submitted
previously (not necessarily in prior year). Leaving Authors were
active in previous year but not current year. Retention Rate
=(Returning Authors/Previous Year's Active Authors)/100.
Attrition Rate=(Leaving Authors/Previous Year's Active
Authors)/100. Data source: International Council on Systems
Engineering International Symposium submission database
(2012-2025). Author's calculations.

B. Track Type

The International Symposium facilitates
knowledge exchange through four distinct
tracks: papers, presentations, panels, and
tutorials. Each track serves a unique role
in the systems engineering knowledge
ecosystem:

Papers are formal research and prac-
tice-focused contributions that undergo
rigorous peer review. They form the
scholarly foundation of the symposium,
requiring comprehensive documentation
of methodology, findings, and implications.
As part of the official symposium proceed-
ings, papers provide the most thorough and
permanent record of systems engineering
advancements.

Presentations are designed for sharing
emerging ideas, works-in-progress, and
practical implementations, presentations

offer a more flexible format without the
formal requirements of a full paper. This
track enables practitioners to communicate
innovations and experiences in an acces-
sible format, often utilizing visual demon-
strations to showcase tools, methodologies,
or case studies.

Panels are interactive discussions among
multiple experts create spaces for debate,
knowledge synthesis, and community
dialogue. Panels typically explore emerging
trends, controversial topics, or complex
challenges requiring diverse perspectives.

Tutorials provide structured educational
experiences, tutorials offer participants
hands-on training in specific methodol-
ogies, tools, or practices. They serve as
the symposium’s most direct knowledge
transfer mechanism, transforming abstract
concepts into practical skills.

As illustrated in Figure 2, the symposium
has undergone a significant transformation
in track representation. From 2012 to 2017,
papers dominated, establishing the sym-
posium’s scholarly foundation. However,

a pivotal shift occurred in 2018 with the
introduction of the presentations track,
which quickly gained momentum and
nearly reached parity with papers by 2024.
This diversification represents more than
an administrative restructuring - it signals
a transition in the systems engineering
community’s approach to content gener-
ation and knowledge transfer. The rapid
adoption of the presentations format sug-
gests an increasing demand for less formal,
demonstration-oriented venues to share
emerging practices, experiences, and tools,
particularly as model-based approaches
gain prominence.
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Table 4. Submission characteristics by track type

Category Paper Presentation Tutorial
Type of Contribution
Applications 30.1% 10.2% 1M.4% 19.8%
Empirical 3.9% 3.6% 1.5% 3.4%
Methodological 27.3% 44.7% 37.7% 39.3%
Review/Synthesis 3.5% 5.8% 5.5% 7.0%
Theory 5.5% 5.4% 4.3% 4.8%
Tools/Technologies 29.7% 30.3% 39.6% 25.7%
Systems Engineering Approach
Agile & Lean 7.0% 5.6% 5.6% 4.6%
Foundational 50.9% 45.3% 33.2% 40.9%
Generalized 8.1% 6.1% 6.9% 12.1%
Model-Based 18.3% 26.4% 40.1% 29.0%
Simulation-Driven 2.2% 6.5% 7.5% 5.6%
Systems Thinking, Complexity, Sociotech. 13.6% 10.1% 6.8% 7.9%
Application Domain
Aerospace & Defense 7.0% 14.9% 13.8% 6.9%
Commercial & Industrial Systems 7.0% 11.7% 9.3% 12.5%
Computing, Software, & Intelligent Systems 20.7% 24.4% 42.3% 24.3%
Domain Free 31.4% 27.0% 12.0% 36.9%
Education & Leadership 13.7% 6.2% 6.7% 12.9%
Physical Infrastructure & Services Systems 20.3% 15.9% 15.9% 6.4%

Note: Distribution of submission characteristics across
INCOSE's four primary track types (Panel, Paper, Presentation,
and Tutorial), revealing distinct focus patterns in each format.
Papers show the strongest methodological orientation (44.7%)
and highest aerospace & defense representation (14.9%),
while maintaining balanced distribution across engineering
approaches. Presentations demonstrate the strongest tools/
technologies emphasis (39.6%) and overwhelming focus on
computing/software/intelligent systems (42.3%) applications,
with notably higher Model-Based Systems Engineering adoption
(40.1%) compared to other tracks. Panels feature the highest
applications content (30.1%), strongest systems thinking/

complexity representation (13.6%), and greatest educational
focus (13.7%), suggesting their value for integrative discourse.
Tutorials maintain the strongest domain-free orientation (36.9%)
and highest generalized approach percentage (12.1%), reflecting
their educational function. Notable patterns include the inverse
relationship between applications and methodological content
across tracks, the consistent concentration of computing
applications in presentation formats, and the varying prevalence
of Model-Based approaches—ranging from just 18.3% in panels
to 40.1% in presentations. Data source: International Council
on Systems Engineering International Symposium submission
database (2012-2025). Author's calculations.

Table 4 highlights the distinct intellectual
profiles across the four tracks, showing
how each attracts different types of content:
Papers exhibit the strongest methodological
orientation (44.7%) and the highest aero-
space & defense representation (14.9%),
maintaining a balanced distribution across
systems engineering approaches. This
suggests that papers serve as the primary
vehicle for methodological advancement

and foundational development. Presen-
tations emphasize tools and technologies
(39.6%) and overwhelmingly focus on com-
puting, software, and intelligent systems
applications (42.3%). Notably, presentations
show the highest rate of MBSE approaches
(40.1%), indicating that emerging modeling
methods are best conveyed through visual,
demonstration-oriented formats. Panels
feature the highest applications content

(30.1%), the strongest systems thinking
representation (13.6%), and the greatest ed-
ucational focus (13.7%), underscoring their
role in fostering integrative discourse and
cross-disciplinary exploration. Tutorials
maintain the strongest domain-free orien-
tation (36.9%) and the highest generalized
approach percentage (12.1%), aligning with
their educational function and the need for
broadly applicable content.



Table 5. Knowledge contribution taxonomy for INCOSE International Symposium submissions

Contribution Type Description

Contributions that provide the structured approaches, frameworks, and procedural
innovations that form the backbone of systems engineering practice. These contributions
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Methadotogical answer the critical "how" questions—establishing the processes, methods, and sequences
that guide practitioners through complex system development challenges.
Contributions that introduce the instrumental dimension of systems engineering through
Tools & software platforms, modeling environments, and technical implementations. These con-

tributions operationalize methods and make abstract concepts tangible. They transform
analog approaches into workable solutions that practitioners can implement in real-world
contexts.

technologies

Contributions that document real-world implementations, practical case studies, and
examples demonstrating systems engineering in specific contexts. These submissions
showcase practice through concrete implementations.

Applications

Contributions that create value through integration and critical assessment of existing
knowledge. They connect isolated findings into coherent narratives that identify patterns,
conflicts, and convergences. These contributions act as knowledge consolidators, helping
practitioners navigate the expanding landscape of systems engineering thought.

Review & synthesis

Contributions that generate evidence-based insights through systematic investigation,
data collection, and analysis. They validate (or challenge) existing approaches through
rigorous testing and statistical evaluation. These contributions form the experimental
foundation of the discipline, providing the evidence that either supports or refutes estab-
lished practices.

Empirical

Contributions that develop the fundamental conceptual frameworks and abstract princi-
ples that underpin systems engineering practice. They focus on the "why" rather than the
"how," establishing the intellectual foundations that give meaning to methodologies. These
contributions provide the conceptual lenses through which practitioners interpret complex

Theoretical

system phenomena.

Note: The contribution type taxonomy highlights the epistemo-
logical purpose of International Symposium submissions. These
range from process-oriented methodological contributions that
establish *how" systems engineering is practiced, to tools that
operationalize these methods, to applications that demonstrate

C. Submission Categorization
1. Contribution Type

The first aspect of systems engineering’s
intellectual landscape examined in our
analysis is the fundamental nature of schol-
arly contributions that shape the discipline.
This analysis classifies systems engineering
submissions into six fundamental contri-
bution types, each representing a distinct
mode of knowledge creation, see Table 5.
By categorizing submissions according to
their primary intellectual function, we can
discern how knowledge is constructed and
disseminated across the systems engineer-
ing community.

Figure 11 reveals a knowledge contri-
bution architecture that has remained
remarkably stable over fourteen years. This
stability tells its own story. Despite the

exploration.

technological revolutions, methodological
transformations, and shifting community
demographics documented elsewhere in
our analysis, the fundamental ways systems
engineers create and transmit knowledge
remain surprisingly unchanged. The meth-
odological heartbeat of the discipline con-
tinues to dominate, consistently accounting
for 30-40% of all contributions. Close be-
hind, tools and technologies maintain their
steady presence at 25-30% - reflecting the
disciplines commitment toward implemen-
tation rather than abstraction.

Around 2015, a subtle but meaningful
shift appears in the data. Applications-fo-
cused submissions begin a gentle decline
while methodological contributions see a
corresponding uptick. This inflection point

real-world implementation. The framework further captures
the discipline’s reflective dimensions through review/synthesis
contributions, its empirical foundations through data-driven
validation, and its conceptual underpinnings through theoretical

likely signals the community pivoting away
from documenting case-by-case implemen-
tations toward codifying broader method-
ological approaches — perhaps anticipating
the model-based transformation that would
soon accelerate.

What speaks loudest in Figure 11,
however, is the conspicuous absence of
theoretical and empirical work. Togeth-
er, these foundation stones of traditional
scientific disciplines account for a mere 8%
of systems engineering contributions—with
theoretical work at approximately 5% and
empirical validation studies at just 3%. This
creates a significant structural gap in the
knowledge architecture of the discipline.
While robust methodological development
continues apace, the theoretical under-
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Figure 11. Submissions by contribution type over time

I Review/Synthesis

I Tools/Technologies

Note: Temporal evolution of contribution types in submissions
from 2012-2025. The stacked area chart displays the percentage
distribution of six distinct contribution categories (Applications,
Empirical, Methodological, Review/Synthesis, Theory, and Tools/
Technologies) per year. The visualization reveals relatively
stable proportions over time, with Methodological contributions
consistently dominating (@approximately 30-40% of submissions),
followed by Tools/Technologies (roughly 25-30%). Notable is a

slight decrease in Applications around 2015, with a compensating
increase in Methodological submissions during the same period.
The analysis was performed using submissions classified through
manual content review (n=3,657), with multi-category contributions
disaggregated for analysis. Data source: International Council
on Systems Engineering International Symposium submission
database (2012-2025). Author's calculations.

pinnings and empirical validation that
typically anchor and validate such methods
remain conspicuously underdeveloped.

This structural gap presents both imme-
diate challenges and future opportunities.
The methodological emphasis has clearly
enabled practical advancement across
diverse domains. Systems engineers excel at
developing processes that work well enough
in specific contexts. But without robust
theoretical frameworks to provide coherent
explanations or rigorous empirical studies
to validate effectiveness, the discipline
operates with a disconnection between its
methodological ambitions and its founda-
tional and empirical base.

As MBSE continues its ascent and sys-
tems grow increasingly complex, these re-
search gaps take on new urgency. Can a dis-
cipline advancing into ever more complex
socio-technical challenges thrive without
bridging these knowledge divides? Does
systems engineering require more robust

theoretical frameworks and evidence-based
validation to advance beyond its current
state? Or might this practice-oriented
knowledge structure actually represent an
adaptive specialization for a field born from
and for application?

The answers remain unwritten, yet they
will determine whether systems engineer-
ing matures as a loosely connected set
of practices or as a rigorous, formalized
engineering discipline. In either scenario,
it must cultivate advanced capabilities to
effectively confront the complex systemic
challenges facing humanity in the decades
ahead.

2. Systems Engineering Approach

The methodological landscape of systems
engineering has undergone a meaningful
transformation over the past decade, not
just in changing tools but a fundamental
shift in how practitioners conceptualize
complex systems and the task of engineer-

ing systems. Our longitudinal analysis

of INCOSE International Symposium
contributions (2012-2025) categorized sub-
missions across six distinct methodological
paradigms — each representing a different
orientation toward system development, as
detailed in Table 6.

The most striking narrative emerging
from our analysis is the remarkable ascen-
dance of MBSE. As visualized in Figure 12,
MBSE approaches have steadily climbed
from approximately 30% of submissions in
2012 to dominating nearly 40% of contri-
butions by 2025. This 10-percentage-point
shift — representing hundreds of submis-
sions - signals not merely a trending meth-
odology but a fundamental epistemological
transformation in how systems knowledge
is captured, communicated, and utilized.

The acceleration point after 2020 is par-
ticularly noteworthy, suggesting a potential
inflection point where MBSE transitioned
from specialized application to mainstream



Table 6. Systems engineering methodological taxonomy for INCOSE International Symposium submissions

Methodological Approach Description
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Approaches that encompass traditional document-centric and/or sequential
methodologies that formed the discipline's historical bedrock. These approaches
emphasize comprehensive documentation, phase-gate processes, and formal
configuration management. Think of these as the "classical’ systems engineering
practices codified in early standards and handbooks—structured, deliberate, process
and documentation-driven.

Foundational Systems
Engineering

Approaches that utilize formal modeling languages, digital representations, and
executable architectures as primary systems engineering artifacts. MBSE transforms
the medium of systems engineering from text to structured, computer-interpretable
models that can be analyzed, verified, and transformed more systematically than
documents.

Model-Based Systems
Engineering (MBSE)

Approaches that adopt iterative, incremental, and value-stream oriented practices to
systems development. These approaches emphasize rapid feedback cycles, minimal

documentation, and continuous delivery—prioritizing adaptation over prediction and
customer collaboration over comprehensive planning.

Agile & Lean Systems
Engineering

Approaches that leverage computational simulation, virtual environments, and
predictive modeling to drive systems development decisions. These approaches
use dynamic system representations to explore behavior before physical
implementation, enabling virtual experimentation and validation.

Simulation-Driven
Systems Engineering

Approaches that examine how interconnected elements create emergent properties
beyond simple cause-effect relationships, focusing on non-linear dynamics and
feedback loops rather than isolated components. These frameworks recognize that
technical systems exist within social contexts where boundaries, relationships,
human factors, and differing perspectives critically influence outcomes.

Systems Thinking,
Complexity, and
Sociotechnical Systems
Engineering

Cross-cutting, methodology-agnostic approaches applicable across multiple
paradigms. These approaches provide framework-neutral principles and practices
that transcend specific methodological schools.

Generalized Systems
Engineering

Note: This taxonomy captures the distinctive methodological
approaches that characterize systems engineering practice as
reflected in International Symposium contributions. Founda-
tional approaches represent the document-centric, sequential
methodologies that established the discipline's historical
foundations, while Model-Based approaches transform engi-
neering artifacts into structured, computer-interpretable models.
The framework encompasses the dynamic adaptation of Agile &
Lean methodologies, the predictive power of Simulation-Driven

approaches, and the holistic perspective of Systems Thinking that
addresses emergent properties and sociotechnical integration.
Generalized approaches provide cross-cutting principles that
transcend specific methodological schools. This classification
reveals how systems engineering's intellectual toolkit has evolved
beyond singular paradigms toward a complementary ecosystem
of approaches that practitioners integrate to address increasingly
complex system challenges.

practice. This timing coincides with broad-
er digital transformation initiatives across
industries and maturing computational ca-
pabilities that make model-based approach-
es increasingly accessible and powerful.
What makes this transition historically
significant is its zero-sum relationship
with traditional approaches. As MBSE has
ascended, foundational systems engineer-
ing approaches (as defined in Table 6) have
experienced a corresponding decline -
suggesting not peaceful coexistence but a
paradigmatic replacement underway. This
shift represents more than just changing
documentation practices but structurally
alters how knowledge is represented within

the discipline itself: Traditional approaches
encode systems knowledge in natural lan-
guage — inherently ambiguous, challenging
to interpret consistently, and resistant to
automated analysis whereas model-based
approaches transform this knowledge into
formal, computable representations — pre-
cise, analyzable, and transformable through
algorithmic means.

This transition from natural language to
formal models parallels earlier transfor-
mations in other engineering disciplines,
such as the shift from drafting boards to
computer-aided design (CAD) systems in
mechanical engineering. Just as CAD fun-
damentally changed what was possible in

design, MBSE is redefining the boundaries
of systems engineering practice.

While MBSE and foundational
approaches engage in their zero-sum
competition, the other methodological
categories defined in Table 6 maintain
relatively stable representation throughout
the period. Agile/lean, simulation-
driven, systems thinking, complexity,
and sociotechnical, and generalized
approaches consistently appear but
show no dramatic growth trends. This
stability suggests these approaches serve
complementary rather than competitive
roles in the systems engineering toolkit.

The systems thinking category deserves
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Figure 12. Submissions by systems engineering methodological approach over time

Note: The evolution of systems engineering approaches from 2012-
2025. This stacked area chart depicts the proportional distribution
of six distinct methodological categories: Foundational, Model-
Based, Generalized, Agile/Lean, Simulation-Driven, and Systems
Thinking/Complexity/Sociotechnical. The visualization reveals a
significant shift in the field, with Model-Based approaches showing
substantial growth (increasing from approximately 30% to 40% of
submissions), particularly after 2020. Meanwhile, Foundational

approaches declined proportionally over the same period. The
data suggests a gradual maturation of the discipline toward more
sophisticated modeling techniques and specialized methodologies.
The analysis was conducted using submissions with identifiable
engineering approaches (n=3,421), with multi-approach sub-
missions disaggregated. Data source: International Council on
Systems Engineering International Symposium submission
database (2012-2025). Author's calculations.

particular attention. Despite maintaining
a modest proportional presence (approx-
imately 8-12% of submissions), this
approach demonstrates the highest accep-
tance rates (67.6%) among all method-
ological categories. This suggests that while
not dominant in volume, these holistic
perspectives are particularly valued by the
discipline’s gatekeepers — perhaps reflecting
recognition that as technical approaches
grow more sophisticated, the need for inte-
grative thinking becomes more critical.
The trend toward MBSE also signals
deeper alignment between systems
engineering and software disciplines. As
systems become increasingly software-
intensive and digitally controlled, model-
based approaches provide natural interfaces
to software engineering methods and tools.
This alignment facilitates integration across
disciplines that were previously separated
by incompatible representations and
processes.

The growing prominence of computing,
software, and Al in the application domain
analysis (reaching 42.3% in presentations)
further reinforces this narrative of con-
vergence. Systems engineering is increas-
ingly operating in digital contexts, and its
methodological evolution reflects this new
reality.

The shifting methodological landscape
captured in our taxonomy carries profound
implications for the discipline. The clear
migration toward MBSE suggests that
building competency in these approaches
has become less optional and more
essential for career longevity. Educational
programs must not only teach MBSE
techniques but help students understand
the epistemological shift underlying them
- moving from document-based reasoning
to model-based reasoning about complex
systems. Organizations that successfully
navigate the shift from document-centric
to model-centric approaches can gain

competitive advantages in efficiency and
system quality, while those that hesitate
may find themselves at a methodological
disadvantage.

As systems engineering continues its
methodological evolution, these trends
suggest not just changing techniques but
a fundamental transformation in how the
discipline thinks about, represents, and
communicates systems knowledge. This
shift toward more formal, computable rep-
resentations positions systems engineering
to better address the increasingly complex,
software-intensive systems that define our
technological landscape.

3. Application Domain

The final dimension of this analysis
explores where systems engineering
methodologies are applied - the sectors,
industries, and contexts that shape how
systems approaches are implemented
and evolved. The analysis employs a



Application Domain

Aerospace & Defense

environments.

Table 7. Systems engineering application domain taxonomy for INCOSE International Symposium submissions

Systems engineering applications in aircraft, spacecraft, military, and national
security contexts. These domains typically involve high reliability requirements,
complex integration challenges, and strict regulatory compliance in mission-critical

Description

Physical Infrastructure &
Services Systems
requirements.

Applications in transportation, utilities, energy, telecommunications, and built
environment sectors. These domains feature long lifecycle infrastructures with
significant physical components, operational constraints, and public service

Commercial & Industrial

Applications in manufacturing, retail, financial services, governance, and business
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operations. These domains emphasize competitive advantage, market responsiveness,

Systems and operational efficiency in profit-driven environments.

Applications focused on information technology, software development, artificial

AT R intelligence, and digital systems. These domains feature rapid innovation cycles, virtual

Intelligent Systems

components, and increasing autonomy in computational environments.

Education & Leadership

Applications addressing learning environments, knowledge transfer, professional
development, and organizational leadership. These domains emphasize human capital
development, organizational transformation, and systems thinking competencies.

Domain Free

Approaches and methodologies applicable across multiple domains without specific
sectoral constraints. These approaches prioritize general systems principles, cross-
cutting methodologies, and transferable frameworks.

Note: This taxonomy organizes the systems engineering land-
scape into six distinct domains, designed to capture both
traditional strongholds and emerging application areas. The
categorization emerged from analyzing submission patterns
across fourteen years (2012-2025) and reflects natural clustering
of methodological approaches, stakeholder environments, and
technical challenges rather than arbitrary divisions. Aerospace &
Defense and Physical Infrastructure & Services represent systems
engineering's historical foundations, distinguished by their
differing lifecycle characteristics and regulatory environments.
Commercial & Industrial Systems were separated as a distinct
category due to their unique emphasis on market dynamics

and competitive pressures not present in public infrastructure
contexts. Computing, Software & Intelligent Systems emerged
as a standalone classification reflecting the growing prominence
of digital systems with fundamentally different verification
challenges and development cycles than physical systems.
Education & Leadership applications were distinguished by their
focus on human capital and organizational development rather
than technical artifacts. The Domain Free category captures
methodological contributions with cross-cutting applicability,
revealing systems engineering's evolution toward domain-
agnostic frameworks.

six-category classification system that
captures the primary application contexts
for systems engineering approaches as
reflected in International Symposium
contributions, see Table 7. This taxonomy
provides a lens through which to analyze
how systems engineering practices manifest
across diverse application contexts. The
framework captures traditional strongholds
like aerospace and defense alongside
burgeoning areas like artificial intelligent
systems, offering a comprehensive view of
the discipline’s application landscape.

The changing application domain
landscape reflects the greater shifts hap-
pening in the technological and market
environment. As depicted in Figure 13, the
most pronounced transformation occurs
within computing, software, and intelligent
systems—domains that have exhibited sus-

tained growth over the study period, with a
marked acceleration after 2020, culminat-
ing in their emergence as the predominant
application area.

This rise aligns with, and likely pro-
pels, the methodological transition
toward MBSE. The growing dominance
of software-intensive systems necessitates
advanced modeling techniques capable of
managing the complexity, interconnectivity,
and dynamic behavior inherent to digital
environments.

Equally notable is the relative decline in
domain-agnostic approaches since 2020.
In the earlier phases of the study, general-
ized methodologies intended to transcend
specific domains comprised a substantial
proportion of submissions. Their subse-
quent decrease suggests a field moving
from broadly applicable principles toward

more domain-specialized implementations,
indicative of a natural maturation as meth-
ods become increasingly tailored to distinct
application contexts.

Legacy strongholds of systems engi-
neering, namely aerospace and defense, as
well as commercial and industrial systems,
have maintained stable representation
throughout the period, jointly accounting
for approximately 15-25% of submissions.
This consistency highlights their contin-
ued relevance as foundational sectors that
shape and sustain core systems engineering
practices, even as emerging domains gain
prominence.

The interplay between digital systems
and domain-agnostic applications merits
particular attention. Beginning around
2018-2019, these two categories exhibit an
inverse trend, suggesting a shift in which
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Figure 13. Submissions by application domain over time

Note: The evolution of systems engineering application domains
from 2012-2025. This stacked area chart displays the proportional
distribution of systems engineering publications across six
application domains over a 15-year period. The visualization
reveals significant shifts in domain focus, with Computing/
Software/Intelligent Systems showing notable growth in recent
years while Domain Free approaches have proportionally declined

since 2020. Aerospace & Defense and Commercial & Industrial
Systems maintain relatively stable representation throughout the
period. Physical Infrastructure/Services Systems and Education/
Leadership categories show the smallest but consistent presence.
Data source: International Council on Systems Engineering
International Symposium submission database (2012-2025).
Author's calculations.

generalized systems engineering principles
are increasingly adapted to the unique
demands of computational environments.
The crossover point, observed between
2020 and 2021, coincides with the onset

of pandemic-induced virtual conferences,
potentially reflecting how global disruption
hastened pre-existing trajectories of digital
transformation.

In contrast, physical infrastructure and
service systems have maintained a steady
15-16% share of submissions. This tempo-
ral stability stands in stark contrast to their
critical societal and economic importance,
raising questions about a possible discon-
nect between the field’s formal knowledge
production and the pressing needs of
real-world infrastructure development.
Such a pattern invites further inquiry into

whether these sectors are underutilizing ad-
vanced systems methodologies or applying
them in ways not captured within formal
symposium contributions.

Perhaps most unfortunate is the per-
sistently low representation of education
and leadership applications, which have
consistently accounted for only 6-8% of
submissions. Despite their fundamental
role in cultivating the systems engineering
workforce and enabling organizational
transformation, their limited presence
suggests a potential constraint on the field’s
capacity to extend its impact across insti-
tutional boundaries and to nurture future
generations of systems engineers.

D. Gap Analysis
The gap analysis presented here provides

a comprehensive analysis of knowledge
gaps within the systems engineering
discipline, utilizing the taxonomic
framework to identify both areas of
intellectual concentration and critical
deficiencies across the field’s knowledge
landscape, thereby revealing strategic
opportunities for targeted research
investment and disciplinary advancement.
As illustrated in Table 8, the systems
engineering discipline exhibits pronounced
knowledge concentrations. The most heav-
ily populated intersections — accounting
for the highest percentages of submissions
- cluster primarily within two method-
ological approaches: foundational systems
engineering and MBSE. These approaches,
when combined with specific contribu-
tion types and application domains, form



Table 8. Cross-classification of engineering submissions by approach, domain, and contribution type (2012-2025)

. . . . . .. Review & Tools &

SE Approach Application Domain Applications Empirical Methodology Synthesis Theory Technology
Aerospace & Defense 41(0.8%) 601%) | 12726% |* | 1503%) BO3%) | 6303%) |*
Commercial & Industrial 16 (0.3%) 6(0.1%) 9920% | | 12002%) 102%) | 6002%) |*
lcnig‘lﬁgzgtg Software, & 35(0.7%) 13%) | 156G2% | | 1904%) 1904%) | 19139%) |

Foundational
Domain Free 128(26%) |* | 28(06%) | 240@9% |* | 48(1.0%) 3607%) | 10321%) |*
Education & Leadership 45 (0.9%) 6(0.1%) 58(12%) | * | 16(03%) 102%) | 26(05%)
Ezry\f’iigjs“”frasm‘“”re e sa(1%) || 1303%) | 15933%) | | 1904%) 701%) | 9%6@0%) |
Aerospace & Defense 17(0.3%) 2(0.0%) 94 (1.9%) * 10 (0.2%) 5(01%) 99(2.0%) | **
Commercial & Industrial 18 (0.4%) 2(0.0%) 7305%) |* | 401%) 401%) | 56011%) |*
lcnotgﬁgte'r’]‘tg Software, & 5000% || 1002%) | 28w9% | | 2505%) 1804%) | 28268%) |

Model-Based
Domain Free 18 (0.4%) 701%) | 14530%) | | 17(03%) 701%) | 83017%) |*
Education & Leadership 5(0.1%) 4(0.1%) 14 (0.3%) 2(0.0%) 3(0.1%) 33(0.7%)
?2?5.'525‘ [IEEE e E 1102%) 1(0.0%) 66(13% | | 501%) 401%) | s8012%) |
Aerospace & Defense 2(0.0%) 2(0.0%) 15(0.3%) 1(0.0%) 3(01%) 9(0.2%)
Commercial & Industrial 5(0.1%) 1(0.0%) 18 (0.4%) 1(0.0%) 200%) | 7(01%)
Computing, Software, & 9(0.2% 1(0.0% 30 (0.6% 6 (0.1% 8(02% | 35007%
Intelligent 2%) 0%) (0.6%) (0.1%) (0.2%) (0.7%)

Generalized
Domain Free 11(0.2%) 3(01%) 30 (0.6%) 9(02%) 30(0.6%) | 15(0.3%)
Education & Leadership 17(0.3%) 0(0.0%) 10 (0.2%) 6(0.1%) 5(0.1%) 4(0.1%)
Ezry\fl'cci Infrastructure & 9(0.2%) 1(0.0%) 18 (0.4%) 4(019%) 8(02% | 18(0.4%)
Aerospace & Defense 2(0.0%) 1(0.0%) 18 (0.4%) 1(0.0%) 1(0.0%) 8(0.2%)
Commercial & Industrial 2(0.0%) 2(0.0%) 17(0.3%) 1(0.0%) 0(0.0%) 14 (0.3%)
Computing, Software, & 0 o 0 o 0 o
o 6(0.1%) 200%) | 3700.8%) 1(0.0%) 401%) | 36(07%)

Agile & Lean
Domain Free 10 (0.2%) 1(0.0%) 35(0.7%) 0(0.0%) 301%) | 19(0.4%)
Education & Leadership 3(0.1%) 1(0.0%) 7(0.1%) 1(0.0%) 2(0.0%) 2(0.0%)
E:ry\fl'cci Infrastructure & 5(0.1%) 200% | 20(0.4%) 0(0.0%) 000%) | 102%)
Aerospace & Defense 4(0.1%) 2(0.0%) 25(0.5%) 1(0.0%) 2(0.0%) 10 (0.2%)
Commercial & Industrial 4(01%) 1(0.0%) 10(0.2%) 4(01%) 000.0%) | 10(0.2%)
lcnotre”lﬁ”gr?tg Software, & 8(0.2%) 200% | 3507%) 5(0.1%) 701%) | 43(09%)

Simulation- 8

Driven Domain Free 5(0.1%) 8(0.2%) 25(0.5%) 7(01%) 3(01%) 20 (0.4%)
Education & Leadership 1(0.0%) 1(0.0%) 5(0.1%) 1(0.0%) 1(0.0%) 6(0.1%)
Physical Infrastructure & 7(01%) 6 (0.1%) 21(04%) 3(01%) 100%) | 2104%)

Services
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Table 8. Cross-classification of engineering submissions by approach, domain, and contribution type (2012-2025)  [continued)
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—— . - o Review & Tools &
SE Approach Application Domain Applications Empirical Methodology Synthesis Technology
Aerospace & Defense 3(0.1%) 3(0.1%) 22 (0.4%) 6(0.1%) 3(0.1%) 17(0.3%)
Commercial & Industrial 10 (0.2%) 2(0.0%) 34.(0.7%) 1(0.0%) 9(0.2%) 25(0.5%)
Computing, Software, & 7(01%) 200% | 27(06% 3(01%) 6(01%) | 23(05%)
Thinking, Intelligent e e o7 0 o .
Complexity, &
Sociotechnical | Domain Free 14(0.3%) 0(0.0%) 49 (1.0%) 8(0.2%) 13(0.3%) 26 (0.5%)
Education & Leadership 9(0.2%) 4(0.1%) 29(0.6%) 8(0.2%) 1(0.0%) 6(0.1%)
E:ry\ilcc:; Infrastructure & 15(0.3%) 000%) | 42(09%) 4(019%) 400%) | 26(05%)
Notes:
1. This table presents a cross-classification analysis of INCOSE 4. Methodological contributions dominate across most approach-

submissions by engineering approach (vertical axis) and
application domain (horizontal axis), further segmented by six
contribution types (columns).

domain combinations, with particularly strong representation
in Foundational approaches (240 submissions in Domain Free)
and Model-Based approaches (238 submissions in Computing/

2. Cell values represent frequency counts with percentages in Software).
parentheses, where percentages reflect the proportion of . Sparse areas include Theory contributions (<0.1% across most
each combination within the total dataset (n=4,038). Asterisks cells), Empiricalresearch, and combinationsinvolving Education
indicate contribution percentile: * q > 90th percentile, ** q > 95 & Leadership domains, suggesting potential knowledge gaps in
percentile, *** q > 99th percentile. the engineering literature.

3. The highest concentration of submissions appears in the . Data source: International Council on Systems Engineering

Model-Based/Computing, Software, and Intelligent/Tools &
Technologies category (282 submissions, 5.8%), followed by
Foundational/Domain Free/Methodological (240 submissions,

International Symposium submission database (2012-2025).
Author's calculations.

4.9%).

distinct “knowledge hotspots” that signal
where the discipline’s intellectual energy is
most intensely focused.

The most significant knowledge concen-
tration appears at the intersection of MBSE
methods and tools applied to computing,
software, and intelligent systems (238+282
submissions). This represents nearly one in
every eight submissions to the symposium
- a remarkable concentration that reflects
the growing prominence of computation-
al modeling tools for software-intensive
systems. Not far behind, the foundational
systems engineering approaches, when
applied to domain-free contexts through
methodological contributions, account for
240 submissions (4.9%), establishing this as
another major intellectual focus area.

These concentrations reveal not merely
popular topics but potentially mature
knowledge areas where methods, tools,
and concepts have been thoroughly
explored and documented. The pattern
of asterisks highlights this concentration
visually—the triple asterisks (***) marking
the 99th percentile appears exclusively in
the Model-Based x Computing/Software
x Tools/Technologies cell, while double
asterisks (**) cluster predominantly in
methodological contributions across
foundational and MBSE approaches.

What makes this gap analysis particularly

valuable is how it illuminates the extensive
“white space” in the knowledge landscape.
The table’s broad swaths of minimal activity
(<0.2% representation) aren’t merely null
findings but rather a systematic mapping
of unexplored intellectual territory. These
patterns reveal critical gaps across multiple
dimensions.

Empirical contributions are severely
underrepresented across nearly all meth-
odological approaches and application
domains, never exceeding 0.6% in any
combination. This systemic lack of valida-
tion studies creates a concerning discon-
nect between methodological claims and
evidence-based practice. Additionally,
with few exceptions, theoretical contribu-
tions remain sparse across the taxonomy
(typically below 0.3% per intersection),
suggesting limited attention to founda-
tional conceptual frameworks that could
unify and advance the discipline. Nearly
all intersections involving education &
leadership domains exhibit low repre-
sentation (most below 0.3%), revealing a
potentially critical blind spot in systems
engineering knowledge related to teaching,
learning, and organizational leadership.
And, despite widespread industry adop-
tion, studies on agile and lean approaches
show minimal representation across most
domains and contribution types, with no

intersection exceeding 0.8%.

Addressing these gap areas presents
significant strategic opportunities for ad-
vancing the systems engineering discipline.
Targeted investment in empirical validation
research could substantially strengthen the
evidence base for systems engineering prac-
tices, enabling practitioners to confidently
select methodologies with demonstrated
effectiveness across different contexts.

Such validation would transform systems
engineering from a largely anecdotally
based practice into one grounded in mea-
surable outcomes and statistically proven
approaches.

Developing more robust theoretical
frameworks would provide the intellectual
scaffolding needed to connect disparate
methodological islands into a coherent
knowledge archipelago. This theoretical
foundation could unlock entirely new
methodological innovations at the intersec-
tion of previously disconnected approaches,
potentially catalyzing breakthrough capa-
bilities in addressing increasingly complex
systems challenges.

The education and leadership gap
represents perhaps the most immediately
actionable opportunity. By developing
sophisticated knowledge transfer
mechanisms and leadership development
approaches specifically tailored to systems



engineering contexts, the discipline
could dramatically accelerate practitioner
development, reduce implementation
failures, and create more resilient systems
engineering organizations. Given the
growing complexity of systems engineering
methods, particularly in model-based
approaches, educational innovation
becomes not merely beneficial but essential
for sustaining disciplinary advancement.
The gap analysis ultimately offers a
strategic roadmap for high-impact research
investment. By targeting these underrep-
resented intersections — particularly those
involving empirical validation, theoretical
foundations, and educational approaches —
the systems engineering community stands
to dramatically increase its intellectual
coherence, practical effectiveness, and long-
term resilience in addressing increasingly
complex technological challenges. Rather
than merely identifying deficits, this analy-
sis illuminates the most promising frontiers
for systems engineering advancement.

E. Conclusion

Systems engineering is rapidly shifting its
techniques while its fundamental knowl-
edge architecture remains surprisingly con-
stant. The taxonomic analysis of INCOSE
International Symposium submissions
(2012-2025) reveals not just what systems
engineers are working on, but how the
discipline itself is evolving as a knowledge
ecosystem.

The most apparent finding emerges at
the methodological level: MBSE is steadily
displacing document-centric approaches.
However, this hints at not just a trend but a
fundamental epistemological shift in how
systems knowledge is represented and ma-
nipulated. Where engineers once reasoned
through natural language artifacts — inher-
ently ambiguous and resistant to compu-
tation - they increasingly leverage formal
models that enable algorithmic analysis and
transformation.

Yet amid this methodological revolution,
the discipline’s knowledge production effort
shows remarkable stability. The persistent
dominance of methodological contribu-
tions (30-40%) and tools/technologies
(25-30%), coupled with the chronic under-
representation of theoretical (5%) and em-
pirical validation studies (3%), suggests a
discipline more focused on developing new
approaches than on rigorously validating
their effectiveness. This imbalance creates
a potentially fragile foundation - a wealth
of methodological innovation built atop
sparse theoretical scaffolding and limited
empirical evidence.

The gravitational pull toward computing,
software, and intelligent systems applica-
tions reveals another dimension of trans-

formation. Digital systems now form the
dominant application context for systems
engineering approaches, particularly for
presentation-format submissions (42.3%).
This signals not just changing marketplace
demands but a converging relationship
between systems and software engineering
disciplines that had historically maintained
separate epistemological traditions.

Perhaps most revealing is the disci-
plinary “white space” - gaps in the knowl-
edge landscape where important intersec-
tions remain unexplored. The scarcity of
empirical studies validating methodological
effectiveness across different domains rep-
resents a critical vulnerability. Similarly, the
persistent underrepresentation of educa-
tion and leadership applications suggests a
discipline more focused on developing new
technical approaches than developing the
people to utilize them.

A more balanced knowledge production
ecosystem could fundamentally transform
systems engineering’s impact and resilience.
Imagine a discipline where methodological
innovation flows from robust theoretical
frameworks and is continuously refined
through rigorous empirical validation —
creating a virtuous cycle of evidence-based
practice. This balanced approach would
generate not just more effective methods
but greater confidence in their application
across diverse domains.

Targeted investment in the identified
knowledge gaps could yield disproportion-
ate returns. Empirical validation research
would transform systems engineering from
a largely experience-based practice into
one with demonstrable efficacy metrics,
allowing organizations to select approach-
es based on validated outcomes rather
than methodological fashion. Meanwhile,
expanded research in education and
leadership applications would accelerate
knowledge transfer, reducing the steep
learning curves associated with sophisticat-
ed methodologies like MBSE and creating
more resilient systems engineering orga-
nizations capable of navigating complex
project environments.

The future of systems engineering lies
in cultivating regular validation mecha-
nisms and knowledge transfer approaches
alongside methodological innovation, the
discipline could evolve from a collection of
competing frameworks, processes, tools,
procedures, approaches, etc. into a coher-
ent, evidence-based practice capable of ad-
dressing the unprecedented sociotechnical
complexity of modern systems challenges.
This rebalanced future represents not just
an academic ideal but a strategic imperative
for a discipline whose relevance depends on
its ability to deliver demonstrable value in
increasingly demanding environments.

IV. ACCEPTANCE ANALYSIS
A. Introduction

Beyond examining who participates in
systems engineering discourse and what
topics they address; a comprehensive
understanding of the discipline requires
investigating what the community truly
values - and the acceptance patterns of
submissions to the INCOSE International
Symposium (2012-2025) offer a reveal-
ing window into this “demand side” of
knowledge production. The symposium’s
technical review process serves as a critical
filtering mechanism that determines which
ideas gain legitimacy within the discipline’s
formal knowledge base. By analyzing which
submissions achieve acceptance, we can
identify methodological preferences, valued
knowledge types, and potential biases that
may accelerate certain perspectives while
impeding others. In other words, for this
analysis to accurately reflect community
priorities, the review process must operate
with reasonable consistency and fairness,
rather than through arbitrary judgments or
entrenched preferences. Only then can the
acceptance patterns serve as meaningful
signals of disciplinary values — signals that
don’t merely reflect current priorities but
actively shape future knowledge production
by indicating to researchers and practi-
tioners which directions merit continued
exploration.

This analysis addresses three funda-
mental questions about systems engineer-
ing’s knowledge validation architecture:

(1) What systematic patterns emerge in
acceptance rates across different submis-
sion characteristics, such as track types,
methodological approaches, and appli-
cation domains? (2) Which factors most
strongly predict acceptance, and how have
these predictors changed over the 14-year
study period? (3) What do these accep-
tance patterns reveal about the technical
review process — its consistency, potential
biases, and effectiveness as a quality control
mechanism?

Major findings suggest an unbiased
review process coupled with a dramatic
temporal decline in overall acceptance rates
from approximately 90% in 2012 to 40% by
2025, independent of changes in submis-
sion quality or composition — suggesting
increasing selectivity and standards as the
symposium has matured. Such insights pro-
vide stakeholders, from symposium orga-
nizers to contributors, with evidence-based
understanding of how the field is devel-
oping and what factors most significantly
impact a submission’s likelihood of entering
the formal knowledge base.
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B. Acceptance Patterns
The distribution of acceptance rates




Table 9. Acceptance rates by submission characteristics (2012-2025)

Submissions
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Category Attribute
% of Total Acceptance Rate (%)
Paper 2516 62.3 67.4
Presentation 794 19.7 42.8
Track
Panel 252 6.2 54.8
Tutorial 476 11.8 38.9
Foundational 1834 42.7 56.2
Model-Based 1246 29.0 57.8
Engineering Agile/Lean 240 5.6 59.2
Approach Simulation-Driven 271 6.3 59.0
Thinking/Complexity/Sociotech. 404 9.4 67.6
Generalized 304 7.1 62.8
Methodological 1760 41.6 59.4
Tools/Technologies 1337 31.6 57.4
Contribution | APplications 541 12.8 54.7
Type Review/Synthesis 243 5.7 60.9
Empirical 133 3.1 55.6
Theory 217 51 60.4
Domain Free 113 25.4 56.1
Computing/Software/Intelligent 1215 27.7 55.7
Application Aerospace & Defense 580 13.2 63.6
Domain Physical Infrastructure & Services 658 15.0 60.9
Commercial & Industrial 482 1.0 60.0
Education/Leadership 331 7.6 61.0
Academic Non-Academic 2234 553 531
Status Academic 1804 447 65.0
Notes:

. Data represents aggregated INCOSE submission observations
(2012-2025, n = 4,038).

. Acceptance rates are presented as percentages (accepted
submissions/total submissions/100) for each category level.

. Sample sizes vary substantially across category levels (min: 133
for Empirical contributions; max: 2,516 for Paper track), which
should be considered when interpreting percentage differences.

. Key findings: (a) Papers have significantly higher acceptance

rates (67.4%) than other tracks; (b) Thinking/Complexity/
Sociotechnical approaches show the highest acceptance
rate (67.6%) among engineering approaches; (c) Review/
Synthesis work (60.9%) has the highest acceptance rate among
contribution types; (d) Aerospace & Defense (63.6%) leads
acceptance rates among application domains; and (e) Academic
submissions enjoy substantially higher acceptance rates
(65.0%) compared to Non-Academic submissions (53.1%).

across submission characteristics reveals
distinct patterns in how systems engineer-
ing knowledge is validated and integrated
into the discipline. This section examines
these patterns across multiple attributes,
providing clarity on both the explicit and

implicit selection mechanisms that shape
the discipline’s intellectual trajectory. higher average acceptance rates (67.4%)
Table 9 reports aggregated acceptance compared to other formats, while also
data from 2012-2025 and finds pronounced  constituting the majority of submissions
differences across submission tracks, (62.3%). This preferential acceptance
reflecting their distinct roles in the IS affirms the papers track’s position as the

program. Papers demonstrate substantially




symposium’s scholarly backbone, channel-
ing methodological advancements into the
permanent proceedings.

In contrast, presentations — despite their
growing popularity noted in previous
sections — maintain substantially lower ac-
ceptance rates (42.8%), creating a more se-
lective filter for this increasingly prominent
knowledge-sharing format, particularly
among practitioners. Panels occupy a mid-
dle ground with an average acceptance rate
of 54.8% acceptance, while tutorials face
the most stringent acceptance threshold
(38.9%), reflecting the heightened scrutiny
applied to educational content that directly
shapes practitioner capabilities as well as
their limited inclusion in the program.

When examined through the lens of
systems engineering approaches, accep-
tance patterns reveal subtle but significant
disciplinary preferences. Systems thinking,
complexity, sociotechnical approach-
es achieve the highest acceptance rates
(67.6%) — markedly above the overall
average — despite representing only 9.4% of
submissions. This subtly disproportionate
acceptance suggests the symposium’s tech-
nical reviewers and organizers likely place
particularly high value on holistic perspec-
tives that integrate complex technical and
social dimensions.

Similarly, generalized approaches enjoy
elevated acceptance rates (62.8%), con-
trasting with more modest rates for both
foundational (56.2%) and model-based
approaches (57.8%). This pattern presents
two potential interpretations: First, though
MBSE represents a growing proportion of
submissions (as documented in the Section
III), its contributions may not receive pref-
erential treatment in the peer review pro-
cess, reflecting a natural quality distribution
across methodological approaches. Second,
and perhaps more significantly, the pattern
may indicate intentional higher selectivity
by reviewers and conference organizers
to maintain methodological balance amid
the proliferation of MBSE submissions. In
either case, the data suggests the review
process ultimately favors methodological
breadth over depth - perhaps reflecting the
discipline’s demand for integrative frame-
works that bridge increasingly specialized
approaches within systems engineering
practice.

Contribution types exhibit more mod-
erate variations in acceptance rates, with
work on reviews and syntheses achieving
the highest acceptance (60.9%), closely
followed by theory (60.4%) and meth-
odological contributions (59.4%). The
relatively strong performance of theoretical
contributions is particularly noteworthy
given their limited representation in the
overall submission pool (5.1%), suggesting

reviewers highly value these foundational
contributions despite their rarity.

Application-oriented submissions
demonstrate the lowest acceptance rates
(54.7%), creating a potential barrier for
practical implementation knowledge en-
tering the formal record. This likely reflects
how domain-specific applications resonate
less broadly - reviewers naturally favor
content transferable to their own practice
areas. However, this preference for method-
ologies carries risk: systematically favoring
abstract frameworks over implementation
specificity may privilege process ideation
over the practical insights that help validate
them.

Moving down the table, application do-
mains reveal meaningful acceptance dispar-
ities that reflect both historical disciplinary
roots and emerging interests. Aerospace
and defense submissions maintain the
highest domain-specific acceptance rates
(63.6%), affirming this sector’s continued
influence as systems engineering’s tradi-
tional stronghold. Meanwhile, computing,
software, Al submissions — despite their
growing representation documented in
previous sections — achieve more modest
acceptance rates (55.7%), suggesting that
while this domain has gained prominence
in submission volume, it may face a more
critical evaluation threshold. This do-
main-based acceptance hierarchy creates
natural feedback loops that shape domain
representation in the discipline’s formal
knowledge base. Aerospace’s higher accep-
tance rates naturally amplify its visibility
and influence, while emerging domains
may face greater challenges in establishing
their legitimacy within the systems engi-
neering corpus.

Perhaps most striking is the substantial
acceptance rate gap between academic
(65.0%) and non-academic submissions
(53.1%). This 11.9 percentage point differ-
ential represents a significant advantage
for scholarly contributions over practi-
tioner-generated knowledge, potentially
reinforcing separation between scholarly
and practice knowledge streams within
the discipline. This disparity presumably
reflects underlying incentive misalignments
- academics build careers on publication
while industry practitioners rarely receive
professional recognition or advancement
for symposium contributions and often face
organizational barriers to knowledge shar-
ing. This academic advantage merits par-
ticular attention given the findings in the
Authors Analysis section regarding institu-
tional affiliations. The industry-dominated
author demographics (60-70% of contribu-
tors) combined with lower acceptance rates
for non-academic submissions suggests that
a substantial portion of potential industry

knowledge fails to enter the formal systems
engineering record. This systematic filtering
creates a disciplinary knowledge base that
may over-represent academic perspectives
relative to industry practice — potentially
limiting the discipline’s ability to incorpo-
rate practical innovations and implementa-
tion insights.

Further examining annual acceptance
rates from 2012-2025 reveals significant
year-over-year variations in the sympo-
sium’s selectivity. The raw acceptance
data, as shown in Figure 2, demonstrates a
general downward trend in acceptance per-
centages across the fourteen-year period,
though with notable fluctuations.

The early years (2012-2017) maintained
relatively high acceptance rates, typically
between 70-85%. A transition period then
emerged around 2018-2019 with accep-
tance rates settling in the 60-70% range,
indicating increasing selectivity even as
submission volumes remained relatively
stable. The pandemic years (2020-2021)
temporarily disrupted this trend, with
virtual-format symposia demonstrating
distinct acceptance patterns compared to
the predominant trajectory — an anom-
aly suggesting external factors beyond
submission quality influenced the review
process during this exceptional period.
Most striking is the dramatic shift in the
post-pandemic period (2022-2025), where
acceptance rates dropped significantly to
approximately 45-55% due to substantial
increases in overall submission volume.

The progressive tightening of the accep-
tance filter across the study period reflects a
maturing symposium transitioning from a
primarily inclusive knowledge-sharing ven-
ue toward a more discriminating arbitrator
of systems engineering contributions. The
transformation seems to be establishing
progressively higher thresholds for what
constitutes significant advancement worthy
of integration into the formal knowledge
base, ultimately curating the discipline’s
intellectual landscape.
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C. Statistically Modeling Acceptance Rates
While descriptive patterns provide valu-
able insights into acceptance trends, a more
sophisticated statistical approach allows
us to disentangle the complex, interrelated
factors that influence submission outcomes.
This section employs logistic regression to
identify which characteristics most strongly
predict acceptance to the INCOSE Inter-
national Symposium, how these predictors
interact, and what they reveal about the
underlying technical review process.
Logistic regression proves particularly
suitable for this analysis because it effec-
tively models binary outcomes (accept/
reject) while accommodating the multiple
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Table 10. Logistic regression of submission acceptance indicators

Coefficient

Standard Error

0Odds Ratio

Intercept

-2.478

* %

(.803)

0.084

Team Composition

Year -0.167 * (.072) 0.846
Virtual Only Event (Yes/No) 1168 * (.u87) 3.216
Event in USA (Yes/No) 0.893 (.492) 2.443

Track

Total Authors 0.032 (.043) 1.033
0 Active Author — — —
1Active Author 0.061 (123) 1.063
2-3 Active Authors 0.462 * (182) 1.588
4+ Active Authors 0.460 . (.268) 1.584
Industry - - -
Academic 0.254 (142) 1.290
Government -0.100 (.222) 0.905
Retired/Self Representing 0.269 (.344) 1.308
Americas - - -
Asia Oceania 0.119 (.285) 1126
Europe, the Middle East and Africa -0.101 (116) 0.904

Submission Characteristics

Systems Engineering Approach

Paper - - -

Presentation -1.942 (1102) 0.143
Panel -2.520 o (.794) 0.080
Tutorial -3.536 o (.990) 0.029

Foundational -0.404 o (125) 0.668
Model-Based Systems Engineering -0.253 ** (.078) 0.776
Generalized 0.054 (.229) 1.055
Simulation-Driven Engineering -0.128 (185) 0.880
Agile/Lean -0.317 * (144) 0.728
Systems Thinking, Complexity, Sociotechical - - -
Type of Contribution

Methodological 0.039 (176) 1.039
Applications 0.074 (135) 1.077
Tools/Technologies -0.065 (155) 0.937




Type of Contribution (continued)
Review/Synthesis -0.027 (.210) 0.973
Theory - - -
Empirical -0.014 (.262) 0.986
Application Domain
Education/Leadership 0137 (146) 1147
Commercial & Industrial Systems 0.057 (139) 1.058
Computing/Software/Intelligent Systems 0.082 (100) 1.085
Aerospace & Defense 0.035 (118) 1.036
Physical Infrastructure & Services Systems -0.010 (.160) 0.990
Domain-Free - - -
Reviewer Outcomes
Total # of Reviews 0.285 * (136) 1.329
Avg Reviewer Confidence 0.092 (.082) 1.096
Avg Overall Evaluation 2175 ok (.478) 8.801
Avg Acceptance Recommendation 0.662 * (.329) 1.938
N =4,038
Notes:
1. Coefficients are presented in log-odds. Odds ratios (OR) 6. The analysis indicates a generally robust technical review

represent the multiplicative change in odds for a one-unit
increase in the predictor.

2. Significance levels: *** p<0.001, ** p<0.01, * p<0.05, otherwise
p<0.10
3. Reference category (baseline) for categorical variables are

4. All variable VIF values < 5,

indicated by a long dash ( - ) across row values.

indicating no problematic
multicollinearity. AIC = 3,003.76. BIC = 3224.38.

. Variables excluded to improve model parsimony and avoid
detected multicollinearity: Submission has at least one author
in Top 5th Percentile of Submitters; Total Number of Lifetime
Submissions; First Submission's Year; Count of Authors from
Sector 1; Count of Authors from Sector 2; Count of Authors from
Sector 3; Count of Academic Affiliated Authors; Count of Industry
Affiliated Authors, Count of Government Affiliated Authors;
Count of Retired/Self-Employed Authors, interactions between
Year and Track, and interactions between topic classifications.

7.

process for International Symposium submissions with some
systematic patterns worth noting. As expected, reviewer
evaluations strongly predict acceptance (Avg Overall Evaluation:
OR=8.801, p<0.001), suggesting reviewers' assessments carry
substantial weight. Authors with academic affiliations and
more experienced authors possibly show a modest positive
effect, while track selection significantly impacts outcomes.
MBSE approaches receive disfavorable outcomes (OR=0.776,
p<0.01), as do Foundational contributions (OR=0.668, p<0.01).
Virtual-only events (during COVID-19; 2020-21) show higher
acceptance rates (OR=3.216, p<0.05). The model's exceptionally
high explanatory power (McFadden R?=0.465; AUC: 0.848 at
probability threshold 0.69) demonstrates that acceptance
decisions follow consistent evaluation patterns rather than
arbitrary judgments, though temporal trends suggest slightly
decreasing acceptance rates over time (Year: OR=0.846, p<0.05).
Data source: International Council on Systems Engineering
International Symposium submission database (2012-2025).

predictor variables of different types that
characterize symposium submissions. Un-
like machine learning approaches focused
primarily on predictive accuracy, this
modeling approach prioritizes interpret-
ability — seeking to parse out the systematic
relationships between submission attributes
and acceptance decisions.

1. Logistic Regression and Model Fit

The statistical model incorporates four
conceptual clusters of predictors that
potentially influence acceptance decisions:

event characteristics (year, location,
format), author attributes (experience,
institutional affiliation, geographic
origin), submission attributes (track type,
methodological approach, contribution
type, application domain), and review
outcomes (evaluation scores, confidence
levels, recommendation strength). This
comprehensive approach allows us to
estimate the relative importance of each
factor while controlling for others.

As detailed in Table 10, the model
demonstrates exceptional explanatory

power, with a McFadden R’ of 0.465 —
extraordinarily high for social science
applications — and an area under the ROC
curve (AUC) of 0.848. These performance
metrics indicate that acceptance decisions
follow consistent, identifiable patterns
rather than random outcomes, suggesting
a largely structured, systematic technical
review process underpins the symposium’s
gatekeeping function.

The model’s classification performance
metrics, presented in Table 11, further
underscore its robustness. With 83.9%
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Table 11. Classification performance metrics for acceptance prediction model

Metric Value

Classification Distribution Summary

Formula

Description

Total Population 4038 |[P+N Total number of observations

Positive (P) 1678 Total actual positive instances (class 0)

Negative (N) 2360 | — Total actual negative instances (class 1)

Predicted Positive (P*) 1994 | — Model predicted positive (class 0)

Predicted Negative (N*) 2044 | — Model predicted negative (class 1)
Confusion Matrix

True Positive (TP) 1511 Correctly predicted positive (class 0)

False Negative (FN) 167 Incorrectly predicted negative

False Positive (FP) 483 Incorrectly predicted positive

True Negative (TN) 1877 Correctly predicted negative (class 1)
Classification Performance Metrics

Prevalence 0.416 |P/(P+N) Proportion of positive instances in dataset

Accuracy (ACC) 0.839 |(TP+TN) /(P +N) Overall correctness of the model

Balanced Accuracy (BA) 0.848 |(TPR+TNR) /2 Average of sensitivity and specificity

True Positive Rate (TPR) 0.900 | TP/P Also known as Sensitivity or Recall

True Negative Rate (TNR) 0.795 |TN/N Also known as Specificity

Positive Predictive Value (PPV) | 0.758 | TP / (TP + FP) Also known as Precision

F1Score 0.879 | 2*(PPV*TPR)/ (PPV+TPR) |Harmonic mean of precision and recall

Matthe_ws Correlation 0.686 sqrt(TPR * TNR * PPV * NPV) - Corrglation coelﬁficielnt between actual and

Coefficient (MCC) sqrt(FNR * FPR * FOR * FDR) | predicted classifications

Notes:

1.

overall accuracy (95% CI: 0.827, 0.850),
the model correctly identifies 90.0% of
accepted submissions (sensitivity) and
79.5% of rejected submissions (specificity).
This balanced performance across both
acceptance and rejection classification

Class 0 is designated as the “Positive” class in this analysis,
which affects the interpretation of all metrics. True Positive
Rate (TPR) and Positive Predictive Value (PPV) reference correct
identification of class 0.

. The model demonstrates statistically significant performance

above the No Information Rate (p < 2.2e-16), with an Accuracy of
0.839 (95% CI: 0.827, 0.850).

. McNemar's Test (p<2.2e-16) indicates significant differences

in the proportions of false positives and false negatives,
suggesting asymmetric error distributions.

. With Prevalence of 0.416, the model achieves balanced

performance across classes as evidenced by Balanced Accuracy

fidelity.

Particularly noteworthy is the Matthews
Correlation Coeflicient of 0.686, which
quantifies the correlation between pre-

(0.848), addressing potential bias from class imbalance.

. The Matthews Correlation Coefficient (MCC=0.686) indicates

strong agreement between predictions and actual values, with
values ranging from -1 (perfect disagreement) to 1 (perfect
agreement).

. Key performance indicators show the model excels atidentifying

class 0 instances (Sensitivity=0.848) while maintaining good
specificity (0.795), with harmonic balance between precision
and recall (F1 Score=0.879). The high Negative Predictive
Value (0.918) indicates particular reliability when predicting
submission rejections.

indicates the model captures the underlying dicted and actual classification outcomes.
decision mechanisms with remarkable

Values ranging from -1 (perfect disagree-
ment) to 1 (perfect agreement) make this
0.686 value indicative of strong agreement
between model predictions and actual
acceptance decisions.



This modeling approach provides three
critical advantages over descriptive analysis
alone: it isolates the independent effect of
each predictor while controlling for others;
it quantifies the relative strength of various
predictors, revealing which factors matter
most; and it enables examination of interac-
tion effects between predictors, uncovering
how different submission characteristics
may amplify or diminish each other’s influ-
ence on acceptance outcomes. This analysis
also benefits from having the entire popu-
lation of submission data from 2012-2025,
therefore these are not sample estimates,
increasing confidence in interpretation.

For readers interested in additional
methodological details underlying the
development of the logit model, see the
Appendix under Methodological Details:
Statistical Modeling.

2. Evaluating the Technical Review Process

The logistic regression results offer a
compelling window into the dynamics of
the INCOSE International Symposium’s
technical review process. The model reveals
a filtration mechanism that operates with
remarkable consistency while exhibiting
distinct patterns of preference across
submission characteristics.

The results demonstrate that reviewer
evaluations appropriately serve as the
strongest determinants of acceptance deci-
sions. The average overall evaluation score
demonstrates an extraordinary odds ratio
of 8.801 (p<0.001), indicating that submis-
sions receiving strongly positive evaluations
experience dramatically higher acceptance
probabilities. Similarly, reviewer acceptance
recommendations carry substantial weight
(OR=1.938, p<0.05), confirming that the
technical review process fundamentally
respects expert judgment rather than fol-
lowing predetermined formulas or quotas.

In logistic regression models, the odds
ratio (OR) represents the change in odds
of the outcome occurring for a one-unit
increase in the predictor variable, while
holding all other variables constant.

This reviewer-centric decision making
suggests a healthy review ecosystem
where individual expertise meaningfully
shapes outcomes. However, the model also
reveals systematic patterns that transcend
individual reviewer judgments, indicating
structural factors that influence acceptance
beyond submission quality alone.

Most striking is the pronounced
temporal trend in acceptance rates.
Controlling for all other variables, the year
coeflicient reveals a significant negative
effect (OR=0.846, p<0.05), translating to a
decline from approximately 90% acceptance
probability in 2012 to nearly 40% by 2025 -
a 3.5-4% decrease in acceptance probability

per year. This dramatic shift represents
increasing selectivity independent of
submission quality, reviewer evaluations, or
compositional changes in the submission
pool. Rather than merely reflecting
growing submission volume, this temporal
effect suggests a elevation in evaluation
standards — a maturation process where

the symposium has progressively raised its
threshold for what constitutes contribution-
worthy knowledge.

The virtual-only event format during
COVID-19 (2020-2021) demonstrates a
significant positive effect on acceptance
probability (OR=3.216, p<0.05). This
finding suggests that these turbulent
circumstances influenced review dynamics,
perhaps reflecting adjusted expectations,
the sudden drop in submission volume, or
recognition of the pandemic’s challenges
for contributors. This temporal pattern
reveals the technical review process as both
consistent in its fundamental mechanisms
yet remains responsive to exogenous
factors.

Allin all, the model indicates a fun-
damentally fair review process without
evidence of deliberate manipulation.

While various factors influence acceptance
outcomes, none suggest improper handling
of submissions. The strongest predictors

of acceptance remain reviewer evalua-
tions (OR=8.801, p<0.001) and reviewer
recommendations (OR=1.938, p<0.05),
confirming that expert assessment — not
arbitrary decisions - drives inclusion into
the technical program. Though structural
factors like track type and year do show sta-
tistical significance, these represent natural
selection pressures rather than systematic
bias. Importantly, other potential areas of
concern such as geographic representation
(Asia-Oceania: OR=1.126, p>0.05; EMEA:
OR=0.904, p>0.05) and US-based events
(OR=2.443, p>0.05) show no statistically
significant effect on acceptance outcomes
once other variables are controlled. This
evidence portrays a technical review pro-
cess that maintains intellectual rigor while
naturally increasing in its selectivity and
standards over time.

3. Key Predictors of Acceptance

Leveraging the model presented in Table
10, Figure 14 offers a nuanced portrait of
the factors that shape INCOSE Symposium
acceptance outcomes. This visualization
captures the probabilistic effects of key
predictors while holding all other variables
constant, transforming complex statisti-
cal relationships into intuitive probability
scales that reveal the relative importance of
different submission characteristics.

Track selection emerges as perhaps the
most consequential initial decision for

prospective contributors. Papers demon-
strate substantially higher acceptance

rates (approximately 80%) compared to
presentations (40%), panels (27%), and
tutorials (11%) - a nearly 70 percentage
point difference between the most and least
favored formats. This extreme disparity
suggests that contributors seeking to max-
imize acceptance probability might strategi-
cally package their work as formal papers
rather than interactive formats, potentially
creating misalignment between content and
presentation medium.

Engineering approaches reveal parti-
cularly intriguing patterns that contradict
simple narratives about methodological
preferences. “Generalized” and “Systems
Thinking, Complexity, and Sociotechnical”
approaches demonstrate the highest
acceptance rates (approximately 70%),
while both traditional foundational and
increasingly prevalent model-based
approaches show more modest performance
near the baseline rate. This counters what
might be expected if the symposium simply
favored either established or emerging
methodologies, instead suggesting
preference for relatively more rare,
integrative approaches that transcend
specific methodological paradigms.

Author characteristics exert substantial
influence on acceptance outcomes, with
submissions featuring more experienced
authors (those with multiple years of sym-
posium participation) showing progres-
sively higher acceptance probabilities. This
experience advantage creates a reinforc-
ing cycle where established contributors
enjoy easier access to the knowledge base,
potentially creating barriers for newcomers
with novel perspectives. The data sug-
gests that even one experienced co-author
significantly enhances acceptance proba-
bility - offering a potential collaborative
pathway for new contributors to navigate
the experience barrier.

Perhaps most revealing is what doesn’t
strongly predict acceptance decisions: After
controlling for other factors, the statistical
model shows neither application domain
nor contribution type significantly impacts
the probability of acceptance. Similarly,
author geographic origin and institutional
affiliation demonstrate little to no influence
once other variables are accounted for.
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4. Implications

The logistic regression analysis reveals
a technical review process that combines
meritocratic evaluation with systemat-
ic structural influences - a finding with
profound implications for how systems
engineering knowledge is created, validat-
ed, and disseminated.

The dramatic temporal decline in
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Figure 14. Predictors of acceptance in INCOSE Symposium submissions

Note: Figures report the probabilistic effects of key predictors
from a logistic regression model of submission acceptance. These
represent marginal effects, holding all other variables in the model
constant. The red dashed lines indicate baseline acceptance
rates for the International Symposium (2012-2025). (Top Left)
Year: Acceptance rates show a declining trend over time from
2012 to 2025, with the probability of acceptance decreasing from
approximately 90% to 40%. (Top Middle) Submission Track: Papers
have substantially higher acceptance rates (around 80%) compared
to presentations (40%), panels (27%), and tutorials (11%)-a nearly
70 percentage point difference between paper and tutorial track
submissions. (Top Right) Engineering Approach: “Generalized”
and “STS/Complexity/Sociotech” approaches demonstrate the
highest acceptance rates (around 70%), while other approaches

show rates perform near the baseline rate. (Bottom Left) Number
of Active Authors: Submissions with more active authors (authors
with multiple years of submissions) show progressively higher
acceptance probabilities, with acceptance rates increasing steadily
as the number grows from 0 to 4+ (Bottom Middle) Average
Acceptance Recommendation Score: Higher recommendation
scores positively correlate with acceptance probability, showing
a steady increase as scores rise from 0 to 5. (Bottom Right)
Average Evaluation Score: Each increase in evaluation score
dramatically increases acceptance probability, with the effect
being most pronounced between scores of -1 and 2 (that is, from
weakly negative to positive review). Data source: International
Council on Systems Engineering (INCOSE) International Symposium
submission database.

acceptance rates signals a discipline in
transition from knowledge aggregation
toward knowledge curation. Early symposia
(2012-2017) functioned primarily as inclu-
sive knowledge-sharing venues, accepting
70-90% of submissions and emphasizing
broad participation. The current trajectory
toward 40% acceptance rates in 2025 rep-
resents a fundamental shift toward a more
selective arbitration model that exercises
stronger judgment about what constitutes
meaningful contribution. This creates both
benefits and challenges: increased selectiv-
ity likely elevates average content quality
but risks excluding novel or unorthodox
perspectives that might drive disciplinary
innovation.

The persistent advantage for paper
submissions over other formats creates
potential misalignment between content
and medium. Contributors facing a nearly
40 percentage point acceptance advantage
for papers compared to presentations may
strategically package work as formal papers
even when other formats might better serve

the material. This misalignment potentially
diminishes the effectiveness of knowledge
transfer, particularly for practice-oriented
innovations that might be better demon-
strated through interactive formats.

The statistical advantage for submissions
with experienced authors (OR=1.588 for
teams with 2-3 active authors) creates a re-
inforcing cycle that potentially limits intel-
lectual diversity. While experienced author
advantages likely reflect genuine quality dif-
ferences in some cases, this pattern creates
structural barriers for newcomers whose
perspectives might challenge established
thinking. Particularly concerning is how
this dynamic intersects with the high first-
year attrition documented earlier (94.7% of
first-time authors never return) - together
creating a dynamic that may systematically
exclude innovative outliers who could drive
the discipline forward.

The preference for generalized and
systems thinking approaches over both
traditional and model-based methodologies
suggests the review process may function

as a counterbalance to submission trends.
While MBSE submissions have increased
dramatically (from 30% to 40% of submis-
sions), they receive no corresponding pref-
erence in the review process. This suggests
technical reviewers may consciously or
unconsciously apply more stringent stan-
dards to trending methodologies, perhaps
serving as a quality control mechanism that
moderates methodological enthusiasm with
critical assessment.

These findings have practical impli-
cations for multiple stakeholder groups.
For contributors, they highlight strategic
submission approaches that optimize
acceptance probability: focusing on formal
papers, building teams that include experi-
enced authors, and framing methodological
approaches through integrative rather
than specialized lenses. For symposium
organizers, the results suggest potential
interventions to mitigate structural biases,
particularly addressing the experience
barrier through mentorship programs or
dedicated newcomer tracks.



D. Conclusion

The comprehensive analysis of INCOSE
International Symposium acceptance pat-
terns reveals a sophisticated knowledge val-
idation architecture that shapes both what
enters the systems engineering corpus and
how the discipline evolves over time. This
filtering mechanism combines meritocratic
technical assessment with systematic struc-
tural influences that collectively determine
which ideas gain legitimacy within the field.

The striking temporal pattern - declining
acceptance rates from approximately 90%
in 2012 to 40% by 2025 - represents more
than mere statistical fluctuation. It signals
a fundamental transformation in the
symposium’s role from an inclusive knowl-
edge-sharing forum toward a selective arbi-
trator of systems engineering contributions.
This evolution reflects a maturing discipline
progressively raising standards for what
constitutes meaningful advancement.

The model’s exceptional explanatory
power demonstrates that acceptance deci-
sions follow consistent, identifiable patterns
rather than arbitrary judgments. This
consistency provides reassurance that the
technical review process operates as a ro-
bust evaluation system rather than a capri-
cious gatekeeper. Yet within this structured
framework, systematic preferences emerge
across submission characteristics, creating
differential access to the knowledge base
that likely shapes disciplinary development.

The dramatic advantage for paper sub-
missions creates potential misalignment
between content and presentation medium,
while the substantial experience premium
potentially limits intellectual diversity by
favoring established contributors. Mean-
while, methodological preferences favor
integrative approaches over both traditional
and trending methodologies, suggesting
the review process may function as a
moderating influence on methodological
enthusiasm.

The systems engineering discipline’s
knowledge validation mechanism operates
as a remarkably self-reflective complex
adaptive system - one that doesn’t merely
filter submissions but actively shapes the
discipline’s intellectual evolution through
sophisticated feedback loops and emergent
behaviors. This creates an elegant irony:

a discipline dedicated to understanding
complex systems has organically developed
its own complex knowledge ecosystem with
pronounced concentration patterns (10%
of authors producing 43.5% of contribu-
tions), consistent filtering mechanisms, and
persistent structural tensions (academic
submissions enjoying 12% higher accep-
tance rates than industry contributions).

By recognizing these patterns, systems
engineering leaders gain unprecedented op-

portunity to intentionally design interven-
tions that could transform the discipline’s
intellectual architecture to create a more
balanced knowledge production system.

V. DISCUSSION AND FUTURE DIRECTIONS
A. Synthesis of Key Findings

The longitudinal analysis of INCOSE’s
International Symposium from 2012-2025
finds a discipline amidst a pivotal time of
transformation — shaped by interconnected
forces of social structure, methodological
evolution, and knowledge validation. When
viewed holistically, these fourteen years
tell a story not of isolated trends, but of a
complex adaptive ecosystem responding to
change while maintaining surprising stabil-
ity in its fundamental architecture.

At the core of this story is what might be
called an “hourglass network” of knowledge
creation. This distinctive social architec-
ture features thousands of contributors at
the broad top who engage briefly with the
discipline, a narrow middle where just 10%
of authors generate over 43% of intellectual
output, and a wide bottom where this con-
centrated knowledge diffuses into global
practice. The Lorenz curve quantifying
this concentration (with a Gini coefficient
of 0.45) illustrates not merely unequal
participation but a fundamental knowledge
filtering where ideas must survive expert
scrutiny before being endorsed for main-
stream adoption.

This social structure creates both resil-
ience and vulnerability. The stable core of
prolific contributors ensures continuity of
expertise and methodological refinement.
However, the “94% problem” — where
nearly 94% of first-time contributors never
return to the symposium - represents a
critical vulnerability in the discipline’s
knowledge transfer pipeline. This remark-
ably consistent attrition rate, persisting
across virtual and in-person formats,
different geographic locations, and various
methodological trends, suggests deep struc-
tural barriers to sustained participation that
transcend circumstantial factors.

Against this backdrop of social stability,
a profound methodological revolution
has unfolded. The rise of MBSE - growing
from 30% to 40% of submissions - rep-
resents more than a trending fad. It signals
a fundamental epistemological shift in
how systems knowledge is represented and
manipulated. Where traditional approaches
encoded information in inherently ambig-
uous natural language, MBSE transforms
this knowledge into formal, computable
representations amenable to algorithmic
analysis. This parallels earlier transforma-
tions in other engineering disciplines, such
as the shift from drafting boards to CAD
systems in mechanical engineering.

The inflection point around 2020 marks a
critical acceleration in this transformation,
coinciding with three converging develop-
ments: a surge in computing, software, and
Al systems applications, increased academ-
ic participation, and the post-pandemic
return to in-person events. This confluence
suggests a potential threshold moment
where modeling methodologies achieved
sufficient maturity and accessibility to drive
widespread adoption.

Given this methodological revolution,
one might suppose a shift in intellectual
focus. However, the discipline’s knowledge
architecture shows remarkable continuity:
Persistent dominance of methodological
contributions (30-40%) and tools/technolo-
gies (25-30%) throughout the study period,
coupled with chronic underrepresentation
of theoretical foundations (5%) and empir-
ical validation (3%). This knowledge archi-
tecture creates a potentially upside-down
pyramid - a wealth of methodological
innovation built atop sparse theoretical de-
velopment and limited empirical evidence.

This imbalance is made explicit in the
gap analysis, which reveals extensive “white
space” in the knowledge landscape. Particu-
larly concerning is the scarcity of empirical
studies validating methodological effec-
tiveness across different domains, creating
uncertainty about which approaches truly
deliver value in which contexts. Similarly,
the persistent underrepresentation of edu-
cation and leadership applications suggests
a discipline focused more on developing
new technical approaches than developing
the workforce to implement them.

The acceptance analysis reveals how
knowledge validation mechanisms have
evolved alongside these developments. The
dramatic temporal decline in acceptance
rates represents more than increasing
competition; it signals a fundamental
transition from knowledge aggregation to
knowledge curation. The systems engineer-
ing community has progressively raised its
standards for what constitutes meaningful
contribution, creating a more selective filter
that emphasizes methodological sophis-
tication and demonstrated expertise. This
increasing selectivity interacts with author
experience in revealing ways: Submissions
from experienced authors have a signifi-
cantly higher probability of acceptance,
creating a self-reinforcing cycle where es-
tablished contributors maintain privileged
access to the knowledge base - an example
of “first-mover advantage” When combined
with the high first-year attrition rate, this
experience advantage creates a system that
potentially limits intellectual diversity by
favoring established perspectives.

Geographic and institutional patterns
add further dimension to this landscape.
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The persistent North American dominance
(approximately 50% of contributors) creates
natural “knowledge gravity wells” that
concentrate and amplify certain method-
ological preferences. Meanwhile, countries
exhibit distinctive systems engineering
ecosystems — from France’s overwhelmingly
industry-dominated landscape (85% in-
dustry affiliation) to Norway’s academically
concentrated environment (60.6% aca-
demic representation). The United States
maintains a near-equilibrium between
industry (50.7%) and academia (41.1%), es-
tablishing a balanced knowledge exchange
environment where research advances

and practical implementations readily
cross-pollinate. This balanced institutional
architecture likely contributes to America’s
anchor position in systems engineering
knowledge production.

Perhaps most surprising is the dramatic
academic surge during 2023-2025, with
scholarly participation nearly tripling
compared to earlier years. This substantial
shift suggests a potential rebalancing of
who produces knowledge, with increased
academic influence offering to potential-
ly drive more theoretical and empirical
contributions to address the discipline’s
knowledge gaps.

Collaboration patterns add another layer
to this complex portrait. The longitudinal
analysis reveals a community increasingly
building on established relationships rather
than forming new connections. First-time
collaborations have steadily decreased
from approximately 85% in 2012 to about
65% by 2025, while repeat collaborations
show corresponding growth. When viewed
alongside the collaboration network analy-
sis — which demonstrates a strong positive
relationship between collaboration breadth
and depth - this suggests the formation of
increasingly specialized “knowledge tribes”
with distinctive methodological orienta-
tions and application focuses.

In sum, these findings suggest systems
engineering is transitioning from a prac-
tice-driven craft toward a more formalized
discipline.

The increasing methodological sophis-
tication, growing academic participation,
and tightening acceptance standards all
point toward a field maturing from expe-
riential knowledge toward more rigorous,
formalized approaches. Yet, the persistent
underrepresentation of theory and empir-
ical validation suggests this maturation re-
mains incomplete — a discipline still seeking
a diversified scientific investigation even as
its methodologies continue to advance. The
path forward requires strategic interven-
tions that preserve the practical wisdom
embedded in the discipline’s industrial
origins while building stronger foundations

across the full spectrum of systems engi-
neering research.

The system of knowledge production
— with its concentrated influence, experi-
ence-based advantages, and networked col-
laboration - creates both opportunities and
challenges for systems engineering’s future
development. The same mechanisms ensur-
ing intellectual stability may inadvertently
stifle transformative innovation. The core of
prolific contributors can act as an immune
system, safeguarding against untested ideas
but potentially rejecting groundbreaking
shifts that challenge established paradigms.

Rather than simply expanding sympo-
sium participation, the 94% dropout rate
suggests that focusing on early-career
retention could yield disproportionate ben-
efits — creating pathways for newcomers to
develop into the next generation of knowl-
edge hubs who can shepherd the discipline
through its continuing evolution.

B. Future Research Opportunities

The following are a list of possible
research opportunities that follow from the
identified knowledge gaps, methodologi-
cal transitions, and community dynamics
documented in this analysis.

1. Empirical Validation of Methodological
Efficacy

Perhaps the most critical research oppor-
tunity lies in addressing the pronounced
scarcity of empirical studies. The gap
analysis reveals that empirical contributions
represent merely 3% of submissions across
the fourteen-year period - creating a disci-
pline rich in methodological innovation but
poor in validated outcomes. This deficiency
creates three specific research pathways:

First, comparative studies that system-
atically evaluate the relative effectiveness
of traditional document-centric versus
model-based approaches across different
application domains. Rather than assuming
MBSE’s superiority based on supposed ad-
vantages, such research establishes quanti-
fiable metrics (cost, schedule performance,
defect rates, etc.) to determine where and
when modeling approaches deliver demon-
strable value. These studies shift the MBSE
conversation from adoption evangelism
toward evidence-based implementation
guidance.

Second, longitudinal case studies quanti-
fying organizations through methodologi-
cal transitions illuminate the organizational
learning curves, implementation barriers,
and adaptation strategies that determine
transformation success. Such studies move
beyond technical capabilities to address
the sociotechnical dimensions of systems
engineering practice — revealing how meth-
odological changes interact with organiza-

tional culture, workforce development, and
knowledge management systems.

Third, meta-analytical research synthe-
sizing implementation outcomes across
diverse contexts help identify contingency
factors that determine methodology effec-
tiveness. This research aids organizations in
selecting and tailoring systems engineering
approaches based on project characteristics,
organizational capabilities, and stakeholder
environments — moving beyond one-size-
fits-all methodological prescriptions toward
contextually optimized implementations.

2. Knowledge Transfer and Community
Development Mechanisms

The striking 94% first-year contributor
attrition rate identified in the analysis rep-
resents both a critical vulnerability and a
compelling research opportunity. This pat-
tern suggests fundamental flaws in how sys-
tems engineering knowledge is transferred
and how new practitioners are integrated
into the community. Three specific research
directions emerge from this challenge:

First, educational research exploring the
cognitive and social dimensions of systems
engineering expertise development could
transform how we prepare new practi-
tioners. By identifying the specific learning
barriers that differentiate successful from
unsuccessful professional development
trajectories, this research could inform
curriculum design, mentoring programs,
and organizational onboarding strategies
that accelerate expertise acquisition and
community integration.

Second, comparative studies examining
knowledge transfer models across related
engineering disciplines could identify po-
tential approaches for systems engineering
to adapt. Fields like software engineering
have developed robust mechanisms for
integrating newcomers — from open-source
communities to coding bootcamps — that
might offer transferable models for the
systems engineering ecosystem.

Third, action research aimed at design-
ing and testing interventions to improve
newcomer retention could directly address
the 94% problem. Experimental approaches
— such as structured mentorship programs,
progressive engagement pathways, or rec-
ognition systems that incentivize sustained
participation — could be implemented at
conferences and within organizations,
with outcomes tracked to identify effective
retention strategies.

3. Cross-Disciplinary Integration at
Methodological Boundaries

The analysis reveals systems engineering
as a discipline in methodological transfor-
mation, with emerging intersections be-
tween traditional systems approaches and



adjacent fields like artificial intelligence,
complexity science, and software engi-
neering. These boundary areas represent
particularly fertile ground for innovative
research:

First, at the MBSE-AI intersection, con-
tinued and deepened research that explores
how machine learning approaches might
augment or transform model-based tech-
niques. From automated model generation
based on requirements to intelligent verifi-
cation of model consistency, this research
frontier could significantly accelerate
modeling capabilities while reducing the
cognitive load of model maintenance.

Second, the systems thinking-complexity
boundary offers rich territory for develop-
ing methodologies that bridge formal mod-
eling rigor with systemic sociotechnical
understanding. Research in this space could
develop hybrid approaches that leverage
both the computational precision of models
and the adaptive, emergent perspectives of
systems thinking — creating more robust
approaches to wicked problems that resist
presupposed technical solutions.

Third, the educational-methodological
nexus presents opportunities for research
on knowledge codification and transfer. As
systems engineering methodologies grow
more sophisticated, research on pedagog-
ical innovations — from simulation-based
learning to virtual reality (VR) / augmented
reality (AR) visualization techniques —
could transform how complex modeling
approaches are taught, learned, and mas-
tered across organizational contexts.

4. Methodological Synthesis and
Integration

The gap analysis reveals a fragmented
methodological landscape, with limited
research synthesizing disparate approaches
into cohesive frameworks. This fragmen-
tation creates three specific integration
research opportunities:

First, theoretical research could devel-
op more robust conceptual foundation
that connect methodological islands into
coherent archipelagos. By identifying fun-
damental principles that transcend specific
approaches, this research could create a
stronger theoretical foundation for systems
engineering — moving beyond process pre-
scriptions toward deeper understanding of
what it truly means to engineer systems.

Second, integration research could
develop frameworks that bridge method-
ological divides - particularly between
model-based and agile approaches. As
both paradigms gain traction, research on
their complementary strengths could yield
hybrid methodologies that combine the
formalism of modeling with the adapt-
ability of iterative development - creating

more responsive yet rigorous approaches
to complex systems challenges.

Third, longitudinal research track-
ing methodological development across
multiple domains could uncover patterns
in how approaches migrate, adapt, and
hybridize across different application
contexts. This research would move beyond
static methodological comparison toward
understanding systems engineering as a
living knowledge environment with its own
evolutionary dynamics.

C. Recommendations for the Systems
Engineering Discipline

In concluding this comprehensive lon-
gitudinal analysis of the INCOSE Inter-
national Symposium from 2012-2025, I
find myself reflecting on the discipline as a
whole. Systems engineering has evolved re-
markably since INCOSE’s establishment in
1990, growing from a specialized practice
within aerospace and defense to a global
discipline addressing complex sociotech-
nical challenges across diverse domains.
The patterns revealed in this analysis offer
strategic insights not just for researchers
or practitioners, but for the stewards of the
discipline’s future.

The methodological shift toward mod-
el-based approaches, the growing integra-
tion with computational domains, and the
increasing academic participation all signal
a discipline formalizing. Building upon the
results of this analysis, the following stra-
tegic recommendations may help INCOSE
leadership guide the systems engineering
discipline through this time of transition,
strengthen the discipline’s knowledge eco-
system, enhance its impact in addressing
complex systems challenges:

1. Implement a Strategic Retention
Initiative
Given the key finding that 94% of first-
time contributors never return represents
both a challenge and an extraordinary
opportunity. Even modest improvements
in early-career retention could dramatically
increase intellectual diversity and knowl-
edge production capacity. Recommenda-
tions include:
= Establishing a structured “First Time
Contributors” resource that provides
mentorship, guidance, and recognition
for new symposium participants
= Creating dedicated “newcomer tracks”
with modified acceptance criteria that
balance quality standards with develop-
mental opportunities
= Implementing longitudinal tracking of
participant engagement to measure re-
tention outcomes and identify effective
intervention points.

These offer to transform the community’s
structure to a more flexible knowledge net-
work with gradual pathways for contribu-
tion development.

2. Balance Knowledge Validation with
Innovation
The declining year-over-year acceptance
rate reflect increasing rigor but risk creating
barriers to novel perspectives. To main-
tain quality while fostering innovation,
consider:
= Establishing specialized innovation
tracks explicitly designed for emerging
topics or unconventional approaches
= Utilize the call for submissions to target
research gaps while maintaining quality
standards
= Creating structured feedback mech-
anisms that provide developmental
guidance even for rejected submissions.

Such balanced validation would maintain
the discipline’s intellectual standards while
creating space for transformative ideas that
might challenge established paradigms.

3. Bridge the Academic-Industry Divide
The meaningful acceptance gap between
academic (65%) and industry (53%) sub-
missions suggests a concerning disconnect
between research and practice. To strength-
en this crucial bridge:
= Develop collaborative submission
formats that explicitly reward academ-
ic-industry partnerships
= Create recognition mechanisms that
value practical implementation along-
side scholarly innovation
= Establish knowledge translation initia-
tives that transform academic research
into practitioner-oriented frameworks.

These bridges would leverage the recent
surge in academic participation while
maintaining the discipline’s crucial connec-
tion to industrial practice.

4. Cultivate Global Knowledge Networks
While geographic distribution is improv-
ing, the community remains dominated by
North American and Western European
perspectives. To develop truly global sys-
tems engineering knowledge:
= Implement targeted development
programs for underrepresented regions
with demonstrated systems engineering
potential
= Create regional innovation hubs that
cultivate locally relevant approaches
while connecting to global knowledge
networks
= Target symposium locations that enable
increased physical participation for
those overcome by geographic barriers.
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These efforts would continue to trans-
form systems engineering from a predom-
inantly Western discipline to a truly global
knowledge ecosystem.

5. Address Critical Knowledge Gaps

The systematic “white space” identified in
the gap analysis — particularly in empirical
validation, theoretical foundations, and ed-
ucational approaches - represents strategic
opportunities for disciplinary advance-
ment. To address this, consider:

= Establishing targeted research initia-
tives that directly address identified
knowledge gaps
Creating specialized publication path-
ways for underrepresented contribution
types, for example empirical validation
studies
Developing collaborative frameworks
that connect practitioners implement-
ing methodologies with researchers
studying their effectiveness.

Such initiatives would strengthen the
discipline’s intellectual foundation, creating
a more balanced knowledge architecture
capable of supporting continued method-
ological innovation.

D. AVision for Systems Engineering's Future

As INCOSE crosses the threshold into
its fourth decade, systems engineering
finds itself at a pivotal juncture — one rich
with possibility. The discipline has evolved
remarkably, developing methodological
sophistication, attracting deeper academic
engagement, and increasingly interweaving
with computational domains. This matura-
tion hasn't happened by chance but through
the deliberate efforts of a committed
community confronting ever more intricate
challenges.

What might systems engineering become
in the decades ahead? The data suggests
a discipline poised to address the most
complex sociotechnical puzzles of our
time: from autonomous systems that blur
traditional boundaries to healthcare net-
works that must balance human touch with
technological precision to climate interven-
tions that require unprecedented systems
thinking across global scales.

The path forward requires intentional
cultivation. By addressing the structural
challenges revealed in this research, IN-
COSE can steward the discipline through
its next developmental phase. This isn't
about wholesale reinvention but thoughtful
refinement, honoring the practical wisdom
embedded in industrial heritage while nur-
turing the depth and rigor that can amplify
its future impact.

We stand on solid ground. The extraordi-
nary dedication of INCOSE’s core contrib-

utors has established a robust foundation
for what comes next. Their concentrated
expertise forms a launchpad rather than a
ceiling.

From here, systems engineering must
expand outward and upward. Not through
revolutionary disruption but through
intentional, balanced growth — weaving
together continuity with innovation, rigor
with accessibility, and specialized knowl-
edge with integrative thinking. The patterns
identified in this analysis aren’t merely his-
torical artifacts but guideposts for strategic
leadership that can help the discipline fulfill
its essential role in navigating the increas-
ingly complex sociotechnical landscape of
the twenty-first century.

VI. APPENDIX
A. Methodological Details

1. International Symposium Submission
Database

This analysis draws upon a comprehen-
sive dataset of submissions to the INCOSE
International Symposium spanning
fourteen years (2012-2025). The primary
data source comprises detailed records of
4,038 symposium submissions collected
from INCOSE’s conference management
system EasyChair. Submission years prior
to 2012 were not available. Each submis-
sion record (n=4,039) contains content
information such as submission number,
title, authors, abstract, track type (paper,
presentation, panel, tutorial), year, and final
decision (accept/reject). Author informa-
tion (n=4,813) includes author names,
affiliations, countries, and corresponding
status. Correspondently, each submission
with reviews contains reviewer evaluations
(n= 15,146) which includes reviewer con-
fidence levels, technical scores, acceptance
recommendations, and textual feedback.
Conference-wide metadata (n=14) includes
location, dates, and format (in-person vs.
virtual, hybrid).

The data preprocessing methodology
addressed multifaceted challenges inherent
in transforming disparate submission re-
cords into a coherent analytical dataset. The
primary data integration obstacles centered
on three critical domains of complexity:
geographic and institutional mapping, sub-
mission track normalization, and decision
status standardization. Geographic and
institutional mapping required algorithmic
approaches to reconcile inconsistent repre-
sentations of author identities, institutional
affiliations, and national origins. Mapping
techniques standardized variations in
country names - resolving discrepancies
between entries such as “USA,” “United
States,” and “United States of America”.
Probabilistic name matching algorithms

were developed to identify and merge po-
tential duplicate author entries, accounting
for variations in name formats, institutional
affiliations, and career transitions. The con-
ference’s introduction of new tracks, most
notably the presentations track in 2018,
required a classification framework that
accounted for evolving submission types.
Conference submission decisions exhibited
some variability, ranging from unambigu-
ous accept/reject determinations to more
nuanced classifications like “probably
accept” or “Panel is accepted.” The research
methodology implemented a clear binary
classification system by converting varied
decision indicators into a consistent accept/
reject framework.

Comprehensive validation included
cross-referencing submissions across
multiple data sources, verifying submission
counts and author participation patterns
with conference proceeding, and con-
ducting consistent manual spot-checks to
ensure data integrity.

The final dataset represents a complete
census of all formal submissions to the
International Symposium during the study
period rather than a sample, which elimi-
nates sampling bias concerns and allows for
definitive rather than inferential conclu-
sions about submission patterns.

2. Simpson’s Indices for Collaboration-
based Network Analysis

The quantification of collaborative pat-
terns within systems engineering networks
requires metrics that capture both the
breadth and depth of researcher interac-
tions. This study adapts Simpson’s diversity
indices from ecological and social sciences
to characterize the multidimensional nature
of collaborative relationships within the
INCOSE community from 2012-2025.
The index (S) provides a robust metric for
quantifying the effective number of catego-
ries in a distribution. For network analysis,
this index is formulated as:

1
S= P
i i

where p; represents the proportional
abundance of category i in the distribution,
and n is the total number of categories. This
calculation yields the “effective number”

of equally abundant categories that would
produce the same diversity value — a more
intuitive interpretation than traditional
diversity metrics.

For this study, two complementary
Simpson’s indices were developed to
capture distinct dimensions of an author’s
collaborative behavior within the systems
engineering community. The Breadth Index
measures the effective number of collabo-



rators by analyzing how evenly an author’s
collaborative relationships are distributed
across their network of co-authors over
all submissions. The Depth Index comple-
ments this by measuring how effectively an
author distributes collaborative engagement
across different submissions, distinguishing
between concentrated collaboration pat-
terns (multiple co-authors on few papers)
and distributed patterns (collaborations
spread across many projects).

The Breadth Index (B) quantifies the
distribution of an author’s collaborations
across unique collaborators:

1
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Bj is the Breadth Index for author j, ¢j is the
number of unique collaborators for author
, nij is the number of submissions author
has co-authored with collaborator 7, and
Nj is the total number of collaborations for
author j. Unlike simple collaborator counts,
this metric accounts for the distribution
pattern of collaborations. An author with
five equally distributed collaborations
would have a Breadth Index of 5.0, while an
author with five collaborators but heavily
skewed collaboration patterns might have a
Breadth Index closer to 2.0 or 3.0, reflecting
the effective number of collaborators.

The Depth Index (D) measures the
distribution of collaborative relationships
across distinct submissions:
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Dj is the Depth Index for author j, sj is
the number of unique submissions (with
collaborators) for author j, mk;j is the
number of collaborators for author j on
submission k, and Mj is the total number
of collaborative instances across all
submissions. This metric identifies authors
who maintain distributed collaborative
relationships across multiple projects
versus those who concentrate collaborative
efforts on fewer submissions. For example,
a value of 7.0 suggests that an author’s
collaborative projects are distributed as if
they had exactly 7 submissions with equal
collaborative engagement.

3. Submission Classification Analysis
The research methodology began with
the development and implementation
of a three-dimensional classification
taxonomy to categorize submissions
across core systems engineering dimen-
sions: type of research contribution,
systems engineering approach, and
application domain. This classification
architecture, detailed in Tables 5-7,

defines six research contribution types
that distinguish the intellectual nature of
systems engineering artifacts, six systems
engineering approaches that characterize
methodological paradigms, and six
application domains that contextualize
contributions within specific sectoral
implementations. The framework serves to
facilitate consistent bibliometric analysis
for the longitudinal study of systems
engineering development and knowledge
dissemination within the discipline.

Specialized natural language processing
techniques, adapted for systems engi-
neering terminology, incorporated both
title and abstract content with weighting
coefficients prioritizing title keywords. The
classification algorithm integrated toke-
nized contextual analysis to distinguish be-
tween superficial terminology matches and
substantive orientations, ensuring reliability
through review-based validation protocols.
The computational approach then com-
bined probabilistic keyword matching with
contextual analysis to refine classification
accuracy. Submissions underwent systemat-
ic normalization, including case standard-
ization, preservation of critical punctuation
such as hyphens, and whitespace normal-
ization to enhance pattern recognition
consistency. Title and abstract content
were analyzed independently, with a 3:1
title-to-abstract weighting ratio reflecting
the greater classificatory significance of title
terminology.

The classification system employed a
multi-tiered keyword matching process
with word-boundary detection to dif-
ferentiate between embedded substrings
and genuine terminological matches. For
multi-word terms, proximity-based pattern
matching with configurable word-distance
parameters enabled recognition of concept
clusters, even when separated by modifier
terms. Beyond simple keyword matching,
complex pattern recognition identified
archetypal phrasal structures such as “a
framework for...,” “a method for...,” and “a
review of...,” applying classification heuris-
tics accordingly.

A probabilistic classification scoring
mechanism assigned normalized scores
across all potential categories within each
dimension. When primary and secondary
category scores exhibited high proximity
(threshold ratio >0.8), dual classification
was applied to reflect genuine method-
ological hybridization rather than enforc-
ing discrete categorization — ultimately
resulting in 740 submissions total receiving
more than one tag across all categories.

In cases where keyword matching yielded
insufficient signal, a sophisticated default
classification subsystem analyzed broader
contextual patterns and structural indica-

tors to assign the most probable category.

4. Statistical Modeling

This study employed a carefully con-
structed modeling framework to iden-
tify key factors influencing submission
acceptance to the INCOSE International
Symposium. Logistic regression was
selected as the primary analytical method
due to its suitability for modeling binary
outcomes (accept/reject) while accounting
for multiple predictor variables of different
types. Since the analysis included the entire
population of submissions from 2012-2025
rather than a sample, the modeling focused
on parameter estimation and effect quanti-
fication rather than statistical inference.

The model incorporated four conceptual
clusters of predictors: event characteristics,
author attributes, submission attributes,
and review metrics. Continuous predictors
were mean-centered to improve interpret-
ability of coefficients. Categorical variables
were identified using the submission
classification analysis and were transformed
into binary indicators for each category
level, and establishing appropriate reference
levels for interpretation.

Unlike prediction-focused machine
learning approaches, this analysis pri-
oritized understanding the systematic
relationships between predictors and accep-
tance decisions. The model was estimated
using maximum likelihood methods with
particular attention to multicollinearity,
correlations within annual events, and
non-linear effects, see Table 10. Variance
inflation factor (VIF) analysis confirmed
absence of problematic multicollinearity
among predictors (all VIF values below
critical thresholds, <5), ensuring coeflicient
stability. Robust standard errors (clustered
by year) were calculated using the sandwich
estimator to account for potential correla-
tion within submission years. Probability
scales enable intuitive interpretation of
marginal effects while preserving the
non-linear nature of the relationship.

The model’s performance was evaluated
through multiple metrics, see Table 11. The
model achieved 83.9% overall accuracy,
with 90.0% sensitivity (correctly identifying
accepted submissions) and 79.5% specific-
ity (correctly identifying rejected submis-
sions) at an optimal threshold determined
through threshold optimization. The area
under the ROC curve (AUC) - a measure
of overall performance of a binary classifi-
cation model by summarizing its ability to
distinguish between positive and negative
instances across all possible thresholds
- demonstrated excellent discrimination
ability with a value of 0.848, substantially
exceeding the no-information rate. The
Matthews Correlation Coeflicient value of
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0.686 confirmed strong alignment between
predicted and actual acceptance decisions
across the dataset.

The evidence from this comprehensive
statistical approach supports the conclu-
sion that acceptance decisions at
the International Symposium follow
systematic patterns driven by submission
attributes, reviewer evaluations, and
contextual factors, rather than arbitrary
assessment processes. These patterns
reflect the underlying evaluation criteria
and priorities of the systems engineering
community as expressed through the
technical review process.

5. Limitations and Assumptions

This research, while comprehensive,
operates within several methodological
constraints that warrant acknowledgment
to properly contextualize its findings. The
limitations stem from data availability,
classification methodology, and analytical
boundaries inherent in meta-analytical
approaches to disciplinary evolution.

First, submission abstracts serve as
primary data for classification, creating an
inherent limitation in classification depth.
While abstracts typically encapsulate
core concepts, they necessarily compress
complex methodological nuances and
theoretical frameworks that might be
fully elaborated in complete manuscripts,
presentations, and live tutorial or panel
discussions. This compression effect poten-
tially introduces classification imprecision,
particularly for submissions that employ
hybrid approaches or novel methodological
integrations that resist traditional categori-
zation. The classification taxonomy, while
developed through iterative refinement,
remains a constructed lens through which
we interpret disciplinary evolution rather
than an absolute representation of systems
engineering knowledge structures.

Second, the longitudinal dataset
presents several temporal challenges
that affect analytical resolution. Though

comprehensive within its fourteen-year
span (2012-2025), the absence of pre-
2012 data creates a historical blind spot
that potentially obscures important
structural differences and foundational
developments in the discipline’s evolution.
Within the available timeframe, significant
heterogeneity exists in data quality and
standardization. Early-period submissions
(2012-2015) contain notably less structured
metadata and reviewer information
compared to later entries, creating what
might be described as a resolution gradient
across the time series — higher definitional
clarity in recent years contrasted with
somewhat hazier characterizations in
the dataset’s early period. This temporal
inconsistency is further complicated
by the unprecedented disruption of the
COVID-19 pandemic (2020-2021), which
fundamentally altered the symposium’s
operational paradigm. The shift to virtual
conference formats during this period
likely introduced systematic variations in
submission patterns, author participation
dynamics, and review processes that
cannot be considered mere statistical
noise. Although our regression models
incorporate year-fixed effects to control
for these temporal discontinuities,
the pandemic represents a significant
confounding variable that potentially masks
or amplifies certain trends in ways that
complicate straightforward longitudinal
interpretation. These combined temporal
factors necessitate appropriate caution
when drawing conclusions about the
trajectory of systems engineering’s
development across the study period.
Third, the study’s definitional boundaries
create inherent blind spots regarding dis-
ciplinary integration. Systems engineering
increasingly overlaps with adjacent fields
including artificial intelligence, complexity
science, and sustainability engineering.
Submissions that position themselves pri-
marily within these adjacent disciplines but
incorporate “systems” methodologies may

be underrepresented in INCOSE’s focused
symposium. Similarly, practice-based
innovations in systems engineering that
haven’t been formalized into submissions
remain invisible to this analysis, creating
a potential gap between documented and
real-world systems engineering.

Fourth, the methodological approach
to author identification assumes rela-
tive name stability across submissions.
While algorithms address common name
variations, fundamental identity tracking
challenges persist when authors change
institutional affiliations, legal names, or
use inconsistent naming conventions
across submissions. Consequently, author
continuity metrics and collaboration net-
work analyses likely slightly underestimate
actual collaborative relationships.

Finally, the interpretive framework
assumes that INCOSE’s International
Symposium represents a meaningful
proxy for broader systems engineering
disciplinary development. While the
symposium constitutes a significant
knowledge exchange platform, it exists
within a complex ecosystem of journals,
specialized conferences, and industry
practices. The degree to which symposium
evolution mirrors broader disciplinary
trajectories remains an open question
requiring complementary research
methodologies.

These limitations notwithstanding,
the comprehensiveness of the dataset -
incorporating 14 years of submissions,
4,813 authors, and 15,146 reviewer
evaluations — provides unprecedented
insight into systems engineering’s intel-
lectual ecosystem. These methodological
frameworks seek to balance analytical rigor
with practical interpretability, creating a
foundation for understanding disciplinary
development that acknowledges the
inherent complexity of knowledge
formation in a maturing field. m
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