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Abstract

The International Council on Systems Engineering (INCOSE) Certification program began as a
subsystem of INCOSE, with only a few external entities involved. The majority of the required
capabilities were carried out internally, such testing based on the INCOSE Systems Engineering
Handbook. Many capabilities have since been outsourced to independent external agencies such
as psychometricians and certificate providers to gain flexibility and simplify operations. As a re-
sult, the INCOSE certification program evolved from an INCOSE subsystem to a System of Sys-
tems (SoS) with component systems such as universities, exam providers, training providers, and
local chapters. This paper discusses the characteristics and challenges of the INCOSE Certification
program as a System of Systems, the type of a SoS that best suits the certification program, change
management of the certification program, learnings from managing the certification program as a
System of Systems, the System of Systems engineering application to the certification programs,
and critical problems involved in the certification program'’s operation and management.

1. Introduction

Many domains, including transportation, defense, healthcare, business, and media, use a System
of Systems (SoS), which are made up of independent pre-existing or newly developed systems that
collaborate to achieve a unique capability. Growing interconnections and interoperability between
different systems make it easier to create an SoS which has distinctive features in addition to the
main functions of the systems.

The International Council on Systems Engineering’s (INCOSE) Systems Engineering Handbook
4th Edition (Walden et al., 2015) defines SoS as “an system of interest (SOI) whose components
are managerially and/or operationally independent system”. The US Defense Acquisition Guide-
book (DAG) (Dahmann, 2015) defines a SoS as a “set or arrangement of systems that results when
independent and useful systems are integrated into a larger system that delivers unique capabili-
ties”. ISO/IEC/IEEE 21839 (Henshaw, 2022) defines SoS as “Set of systems or system elements
that interact to provide a unique capability that none of the constituent systems can accomplish on



its own.” and the constituent systems as “Constituent systems can be part of one or more SoS.”
System of Systems (SoS) are made up of independent pre-existing, modified or newly developed
systems. This paper uses the ISO/IEC/IEEE 21839 (ISO, 2019) definition of SoS, and constituent
systems.

The INCOSE Systems Engineering Professional (SEP) certification formally recognizes a systems
engineer's career progression as they develop and apply systems engineering knowledge and prac-
tices. The INCOSE Certification program specifies the requirements for each of three stages of a
person's competence in systems engineering. It provides assessment against those requirements,
assisting in ensuring compliance. Individuals can plan their career path in a way that is resilient to
job changes by defining multiple phases that are independent of domain, country, or employer. It
provides engineers, as well as their employers and customers, with an independent assessment of
individual abilities. It also informs the recipients of the certifications. The INCOSE Certification
program collaborates with a variety of external agencies which may or may not be contractually
bound, including exam providers, certificate providers, universities, and INCOSE technical oper-
ations, to carry out the aforementioned functions, making it a SoS. These external agencies are
operationally and managerially independent but work together to contribute to the objective of the
INCOSE Certification Program. INCOSE Certification program consists of diverse geographically
distributed constituent systems. It is continuously evolving with its constituent system changing.
Operating as a SoS provides the Certification program flexibility and lessens the burden of exe-
cuting all the required tasks by itself, making operations simpler.

On contrary, the INCOSE Certification Program cannot be considered as a system as it does not
have an individual life cycle, it does not have clear set of stakeholders, it does not have a clear
operational priority or escalation rule, it does not have a clear ownership, and it does not have clear
and agreeing purpose and objectives.

The purpose of this paper is to show that the INCOSE Certification program is a SoS and to explore
how considering it as a SoS helps to comprehend the issues involved in managing it, as well as to
derive potential solutions and improvements. This paper presents the case study of the INCOSE
Certification Program as a SoS. This case study is particularly interesting and novel as it deals with
application of concepts of SoS and Systems Engineering to a process-oriented SoS with no hard-
ware and limited software components. The literature discusses several prominent examples of
SoS like transportation system, integrated defence system, and the internet (Maier, M.W et al.,
1998) but it does not show case a process-centric organisation such as the INCOSE Certification
program as a SoS. The case study consists of understanding the objectives, and capabilities of the
INCOSE Certification Program, their allocations to each of the constituent systems, mapping the
characteristics of the Certification Program to that of a SoS, challenges posed by the Certification
Program as a SoS, recognising what type of SoS is the Certification Program, change management
of the certification program, lessons learnt from managing the certification program as a SoS, ap-
plication of system of systems Engineering (SoSE) to the Certification Program, existing problems
in the Certification Program, and potential solutions, followed by future work.

2. Background

Certification is a formal process whereby a community of knowledgeable, experienced, and skilled
representatives of an organization, such as the International Council on Systems Engineering
(INCOSE), provides formal recognition that a person has achieved competency in specific areas



(demonstrated by education, experience, and knowledge) (Certification Program Overview, n.d.).
Certification differs from a “license” that is a permission granted by a government entity for a
person to practice within its regulatory boundaries (Certification Program Overview, n.d.). Certi-
fication also differs from a "certificate” that documents the successful completion of a training or
education program (Certification Program Overview, n.d.). The INCOSE Certification Program
offers three levels of certifications corresponding to different stages of career of a systems engi-
neer. The three levels and systems engineering (SE) capabilities of a systems engineer tested at the
corresponding level are:

Table 1. INCOSE Certification levels and corresponding SE capabilities verified/tested.

Certification level SE Capabilities verified/tested

Associate Systems Engineering Professional (ASEP) | Systems Engineering (SE) knowledge

Certified Systems Engineering Professional (CSEP) | SE knowledge, SE experience, and ed-
ucation

Expert Systems Engineering Professional (ESEP) Leadership, SE experience, and educa-
tion

2.1 Objectives and Capabilities of INCOSE Certification Program

The INCOSE Certification program has to fulfill several objectives/functions in order to provide
the above mentioned 3 levels of certifications. To fulfill these objectives the certification program
needs to have certain capabilities which can either be possessed internally by the certification pro-
gram or can be outsourced to external agents that is the constituent systems. These objectives are
solution-neutral. INCOSE offers a solution to meet each objective but also works to identify alter-
nate paths to meet those objectives through other constituent systems. Table 2. Describes the ob-
jectives of INCOSE Certification program and the capabilities needed to achieve these objectives.

Table 2. Objectives and Capabilities of INCOSE Certification Program

Serial Obijectives Capabilities
No.
Set requirements for each level of | Establish basis of certification requirements; De-
1 certification consistent with ISO | fine requirements for 3 levels of certification based
standards on competency framework and ISO standards.
. . Publish certification requirements for all 3 levels;
Communicate the requirements : P -
2 e publish the certification application procedure for
and certification process o
all 3 levels of certification
Define different ways of certification application
Offer assessment against the set | assessment; prepare knowledge exam questions;
3 requirements to ensure compli- | provide basis for knowledge exam and certification
ance equivalency; create questions for knowledge exam;
beta-test the exam questions; conduct the




knowledge exam; evaluate the knowledge exam pa-
pers; announce the exam results; set requirements
for certification equivalency; evaluate and establish
certificate equivalency with organizations; offer
certification equivalency as an alternative path to
certification; review CSEP, and ESEP applications;
conduct interviews for ESEP applicants.

Track the certification applicants

Maintain database of certification applicants and

4 o certified SEPs; access data of and track the certifi-
and certified SEPs . - .
cation applicants and certified SEPs.
Increase certification awareness | Provide trainings to assist the certification process;
5 and preparedness (Improve qual- | create awareness about the certification application
ity of certification applications) | and evaluation procedures.
Create shareable certificates for certified individu-
als; announce the certification to certified individ-
6 Announce/report certification uals and send their certificates; announce the certi-
fications publicly; publish list of certified individu-
als.
y Promote value of certified indi- | Communicate value of certifications through
viduals to companies agreements and MOAs with companies.
Set requirements for renewal of Provide basis for renewal requirements; Define re-
8 requr newal requirements for 2 (ASEP, and CSEP) levels
certification e
of certification.
Provide means to meet renewal Provide events and activities through which certi-
9 . fied individuals can earn PDUs (Professional De-
requirements : N
velopment Units) needed for certification renewals.
. Review the PDUs and details provided by certified
Provide assessment for renewal | . . " . . o
10 N individuals; make a decision on renewal of certifi-
of certification .
cation.
. Maintain database of certified applicants and re-
11 Track renewal applications Nl "
newal applications; track the renewal applications.
Create a new (renewed)shareable certificate (with
Report/announce renewal of cer- | "€W certification expiry date); announce the re-
12 P newal of certification to certified individuals and

tification

send their certificates; update database with renew-
als.




2.2 Composition of the INCOSE Certification Program

The certification program began as a subsystem of INCOSE which met most of the capabilities
mentioned above such as providing and assessing knowledge exam, beta-testing knowledge exam
questions etc. internally without many external entities involved. But it evolved as a SoS by in-
volving independent external entities to perform/meet some of the above-mentioned capabilities
in order to meet the objectives of the certification programs. These external entities are the con-
stituent systems of the certification SoS. The Certification SoS includes systems like universities
(for Academic Equivalencies), Technical operations for handbook content production, Events,
Competency framework, Test provider / platform, INCOSE membership database, INCOSE web-
site, certificate providers, other equivalency providers, training providers, INCOSE local chapters,
companies with a memorandum of agreement (MOA), and other events which are independent
and have their own purposes integrate to meet this purpose of INCOSE Certification Program.

2.3 Allocation of capabilities to the constituent system

Each constituent system has to meet one or more capabilities mentioned above in order to fulfill
the objectives of the INCOSE Certification program. Table 3. explains the capabilities allocated
to each of the constituent systems. It also indicates the objectives that these constituent systems
contribute to.

Other capabilities such as define requirements for 3 levels of certification based on competency
framework and the International Organization for Standardization (ISO) standards, define different
ways of certification application assessment, set requirements for certification equivalency, eval-
uate and establish certificate equivalency with organizations, review CSEP, and ESEP applica-
tions, conduct interviews for ESEP applicants, provide basis for renewal requirements, define re-
newal requirements for 2 (ASEP, and CSEP) levels of certification, review the professional devel-
opment units (PDUs) and details provided by certified individuals, and make a decision on renewal
of certification are met internally by the certification program.

The certification program also shares some capabilities such as create questions for knowledge
exam, beta-test the exam questions, announce the certification to certified individuals and send
their certificates, communicate value of certifications through agreements and MOAs with com-
panies, announce the renewal of certification to certified individuals and send their certificates
with its constituent systems.

Table 3. Allocation of capabilities to the constituent systems of the SoS

Consituent Capabilities allocated/met Asgom_ated
system objectives

Offer certification equivalency as an alternative path to
Universities certification; provide trainings to assist the certification
process

Objectives 3,
and 5.

Provide basis for knowledge exam and certification
equivalency (by producing the INCOSE SE Handbook
and learning objectives).

Technical op-
erations

Objectives 1,
and 3.




Test provider/

Display knowledge exam questions; provide proctor;
conduct the knowledge exam; evaluate the knowledge

Obijective 3.

platform ,
exam responses; announce the exam results
Competency
framework Establish basis of certification requirements; Provide ba- | Objectives 1,
sis for renewal requirements. and 8.
Provide venue for the knowledge exam; Provide events
and activities through which certified individuals can Obiectives 3
Events earn PDUs (Professional Development Units) needed for J ’
e ) .. | b,and9.
certification renewals; create awareness about the certifi-
cation application and evaluation procedures.
INCOSE mem- | Maintain database of certification applicants and certified

bership  data-
base

SEPs; Maintain database of certified applicants and re-
newal applications.

Objectives 4,
and 11.

INCOSE web-
site

Publish certification requirements for all 3 levels; publish
the certification application procedure for all 3 levels of
certification; publish list of certified individuals.

Objectives 2,
6, and 12.

Certificate pro-
viders

Create shareable certificates for certified individuals;
provide webpage with unique link to certificate for each
SEP; announce the certification to certified individuals
and send their certificates; Create a new (renewed)share-
able certificate (with new certification expiry date); an-
nounce the renewal of certification to certified individu-
als and send their certificates;

Obijectives 6,
and 12,

Other equiva-
lency providers

Offer certification equivalency as an alternative path to
certification; provide trainings to assist the certification
process.

Obijectives 3,
and 5.

Provide trainings to assist the certification process; create

Iiﬁé?smg pro- awareness about the certification application and evalua- | Objective 5.
tion procedures.
Provide trainings to assist the certification process; create
Companies awareness about the certification application and evalua- | Objectives 5,
with MOA tion procedures; Communicate value of certifications | and 7.
through agreements and MOAs with companies.
Provide trainings to assist the certification process; create | Objectives 3,
Local INCOSE e o
chapters awareness about the certification application and evaIL_Ja- 5 9, 6, and
tion procedures; Conduct the knowledge exam; Provide | 12.




events and activities through which certified individuals
can earn PDUs (Professional Development Units) needed
for certification renewals; announce the certifications
publicly.

Conduct the knowledge exam; Provide events and activ-
ities through which certified individuals can earn PDUs
Other events (Professional Development Units) needed for certifica-
tion renewals; create awareness about the certification
application and evaluation procedures.

Obijectives 3,
5,and 9.

3. Characteristics of the INCOSE Certification program as a SoS

A typical SoS is distinguished by its constituent systems' operational or managerial independence,
geographical distribution, interdependence, emergent behavior, and evolutionary development of
the SoS and its constituent systems (INCOSE, 2018). The mapping of these characteristics to the
INCOSE Certification program is demonstrated as follows:

3.1 Independence of constituent systems

The component systems of the certification program are operationally and managerially independ-
ent. They work towards accomplishing their own purpose and contribute to the capabilities of the
certification program. For example: Universities being a constituent system of the certification
program contributes towards the objectives of the INCOSE certification program by providing
academic equivalency programs as an alternative to knowledge exam while working towards its
main purpose of providing education, technical operations contribute to objectives of the certifi-
cation program by developing the handbook, and learning objectives which serve as basis for
knowledge exam, and academic equivalency while working towards its purpose of producing tech-
nical documentation, Companies with MOAs with the certification program contribute to the cer-
tification program by providing qualified candidates for certification while meeting their own busi-
ness missions. Neither of the universities, technical operations, and companies with MOAs are
dependent on each other operationally/managerially to meet their own purposes.

3.2 Geographical distribution

None of the constituent systems of the certification program are in the same city, nor do they
interact in a way where their location matters. All communications are performed independent of
their location, generally through asynchronous, written messages. The universities with academic
equivalency, companies with MOAs, training providers, other equivalency programs, and the
INCOSE local chapters are distributed all over the world (Universities with academic equivalency
are distributed in USA majorly). The events that provide written knowledge tests, and opportuni-
ties for certified individuals to gain PDUs for renewal are conducted all over the world.

The constituent systems are not only geographically but also culturally and functionally diverse.
Each constituent system has unique capabilities, different ways of operation, and diverse individ-
ual purposes.



3.3 Emergent Behavior

Emergent behavior is a property generated by interactions of the constituent systems and cannot
be produced by an individual constituent system (INCOSE, 2018). The certification program
showed the following emergent behavior: As a result of benefits of certification, universities in-
creasingly teaching SE 501 courses using the INCOSE SE Handbook and joining the Corporate
Advisory Board (CAB) so they can get Academic Equivalency, and increased INCOSE chapter
engagement and event attendance to participate in SEP training, testing, and continuing education.
These behaviors are global are results of overall interactions of the systems, and cannot be pro-
duced by the universities, and local chapters individually.

3.4 Interdependency

Although the constituent systems of a SoS are operationally and managerially independent, they
depend on and interact with each other in order to contribute to the objectives of the SoS. This is
no different for the constituent systems of the certification program too. For instance, the Univer-
sities, training providers, and the exam providers depend on the handbook, and the learning objec-
tives to meet the capabilities needed from them.

3.5 Evolutionary Development

A SoS evolves continuously over time. As mentioned previously, the INCOSE certification started
as a subsystem of INCOSE and evolved into a SoS, the constituent systems have evolved over
time too. Several changes occurred to the SoS such as: adding of 2 more levels of certifications
(ASEP, and ESEP), providing the certificates in a shareable portable document format (PDF) form
unlike in the paper form at the beginning, establishing academic equivalencies as an alternative to
taking the knowledge exam, any organization seeking certification equivalency having to meet
general requirements in addition to the organization specific requirements, updating the handbook,
and learning objectives, providing of web-based knowledge exam in addition to the paper based
exam, changing the ESEP telephonic interviews to zoom interviews, transitioning from paid cer-
tification reviewers to volunteer certification reviewers, and changing the method of transporting
the answer sheets from physically mailing the answer sheets to the evaluation center to scanning
and sending it through mail for evaluation. There are many drivers to these evolutions like cost
saving, time saving, simplification in processes, and evolution in technology.

Since the INCOSE Certifications program possesses all these characteristics of a typical SoS, it
can be established that the certification program is a SoS indeed. This will be further confirmed
by discussing the challenges of a SoS that the certification program faces.

4. Challenges due to being a SoS

Working as a SoS can provide flexibility and simplicity, but it also brings many pain points/chal-
lenges as it involves many existing constituent systems. Here are the typical challenges of a SoS
that the certification challenge has faced:

4.1 Capabilities & Requirements

The constituent systems have their own needs in addition to meeting the capabilities needed by the
SoS. Sometimes their own needs contradict with the capabilities needed for the SoS which might



affect the operation, constituents, and performance of the SoS. For instance: (1) During COVID
crisis, the test providers continued to provide facility-based exams (complying to COVID norms)
meeting their objectives and needs, but the certification program needed them to provide remote
testing capability. The online tests provided by the test providers did not meet the capabilities
needed by the certification program which resulted in change of the test providers. (2) Changes in
Defence Acquisition University (DAU) certification program was not in compliance with the
equivalency requirements of the certification program, which resulted in the modified certification
program not being equivalent to the INCOSE Certification program.

4.2 Autonomy, interdependencies, and emergence

Although independent and autonomous there are complex interdependencies within the constitu-
ent systems at different stages of the SoS. These interdependencies result in emergent behaviour
at the SoS level which are difficult to anticipate. For examples: (1) As a result of benefits of the
certification program certain companies required their employees and subcontractors to have
INCOSE SEP certification. This resulted in backlash towards the certification. (2) Due to increase
in the number of trainings to support the certification process, the quality of the certifications sud-
denly raised increasing the expectations of the reviewers from a certification application. This
impacted the applicants who did not opt for any trainings for certification, as their applications
could not meet the raised expectations of the reviewers.

4.3 Validation

The constituent systems have unsynchronized development cycles. The operation of the certifica-
tion program and the contribution of the constituent systems have to be validated, especially after
changes in the certification programs and/or the constituent system, which is expensive, and time
consuming. For example: The change in handbook has led to the certification program to develop
new exam items. To validate this change beta testing of the exam items will be performed. The
training providers are a constituent system, but their contributions (trainings provided by them)
are not validated by INCOSE due to high cost, and time required.

4.4 Authority

Lack of common authority makes it difficult for constituent systems to collaborate effectively. The
certification has no control over the timeline for implementation of changes in the constituent sys-
tems. The certification program does not have authority over timeline of handbook update. For
instance, delays in timelines of handbook update might result in delay in preparation and beta
testing of new exam items, and delay in transition of academic equivalencies, impacting the certi-
fication program. The certification program does not have complete control over updating of con-
stituent systems. The certification program can object to the changes proposed in the handbook,
propose changes but does not have authority to enforce changes.

5. The INCOSE Certification Program as a type of SoS

An acknowledged SoS has recognized objectives, a designated manager, and resources, while
maintaining the operational, and managerial independence of the constituent system. The SoS
manager does not have power to control any of the constituent system, but they can influence the
development, and update of the constituent system (Dahmann, 2015). This description fits the



certification program well, as it has defined objectives, and dedicated resources with a manager.
The SoS manager has influence over constituent system, for example: the certification program
has power to oppose, or propose changes in the handbook but cannot accept or reject any changes,
the certification program collaborates with the universities to meet the academic equivalency re-
quirements, but the certification program does not have any control over the universities other than
the ability to grant or reject the academic equivalency. The certification program lies in between
the directive SoS type, and the collaborative SoS type, hence it is an acknowledged SoS.

6. Change management in the Certification Program

The certification program, and its components are continuously changing. These changes can af-
fect the performance, operation of the SoS, and the contribution of the other constituent systems.
For example: Update in the handbook results in change in knowledge exam, changes in academic
equivalency, and changes in trainings provided by training providers. Hence, change management
is done by having processes/plans in place to deal with the changes, and providing time for other
constituents to adapt to the changes. Few examples of plans/ processes for managing changes are:
(1) There is a plan in place to manage update of INCOSE SE Handbook from 4™ edition to 5%
edition. (2) If an equivalency organisation decides to make changes to their program, the organi-
sation must submit the changes to INCOSE for review of the equivalency. (3) There exist require-
ments for proctoring companies, in case of change, the new proctoring company needs to comply
to these requirements. Providing guidance and time to adapt to the changes helped in these past
situations: (1) Guidance given to academic equivalencies on compliance with updated learning
objectives and handbook (5™ edition). (2) In case of changes in application forms, training provid-
ers are given 12 months to update their training materials accordingly. (3) During the first year of
COVID, in-person activities were abruptly cancelled, affected individuals’ opportunities to earn
PDUs. SEPs were allowed to renew with fewer PDUs to accommodate for this surprise.

7. Learnings from viewing the certification program as a SoS

The INCOSE Certification Program has examples of implementing many keys to effective SoS
leadership. These include recognition of incompatibility, recognition of unscalability, differentiat-
ing requirements from implementation, and signing short-term contracts. The Certification Pro-
gram is fortunate to have engaged stakeholders from diverse communities. Suggestions from these
communities are frequently not scalable or in some other ways do not fit with a global SoS.

In 2016, INCOSE learned that few certification candidates in China took the INCOSE knowledge
exam at test centers in that country, even if the candidates had successfully completed an exam
preparation training course. One obstacle was that the exam registration was to be completed
through a website that used Google Maps to search for the closest testing location. Despite this
test center provider having facilities in China, they failed to recognize that the Google Maps widget
did not work on that country’s internet. INCOSE Certification ended up finding an expensive al-
ternative to that test center provider because it was not usable in one country. INCOSE recognized
that the system was not compatible with the SoS that desired a solution that would work for all
candidates.



INCOSE tried in 2021 to expand on a pilot program to interview CSEP candidates about their SE
competency, as a supplement to their individual application for CSEP. This process had worked
well in its first pilot within the UK, but it became very difficult to implement on a global scale.
Coordinating across time zones and communicating the updated application form instructions to
candidates from various backgrounds was too resource-intensive to scale up that process across all
of INCOSE.

Another example of global scalability failing was not seen as a fault in scaling but rather as a fault
in defining what should be scaled. The requirement that all ASEPs and CSEPs pass the knowledge
exam (which is written in English, delivered with a time limit, and presented with multiple-choice
options) put some candidates at a disadvantage. The root cause of the problem was that the re-
quirement was written incorrectly. The requirement should not have been “The candidate has
passed the INCOSE knowledge exam.” It should have been: “The candidate has verified
knowledge of the INCOSE Systems Engineering Handbook.” This requirement is scalable and
INCOSE has recognized over a dozen different ways to meet the requirement through its Academic
Equivalency program, as well as other equivalencies specific to particular languages or domains.
This problem can be solved through the SoS Engineering practice “Understanding capability ob-
jectives” (refer section 8).

A final key to success with SoS coordination relates to the asynchronous development schedules
of SoS constituent systems. INCOSE has resolved this in its agreements with universities and cor-
porate partners, by setting time-bounded contracts. These force the review of requirements and
active decision to renew agreements. This reduces the psychological aversion to raising concerns
that can exist when it is easier to let problems or inefficiencies continue. This problem can be
solved through “Orchestrating upgrades” (refer section 8).

Viewing the INCOSE Certification program has an impact on its performance. For example, one
of the key performance indicators of the Certification Program is the number of certified SEPs
every year. By outsourcing the capability of “Offer assessment against the set requirements to
ensure compliance” to SEZERT certification equivalency in Germany in addition to providing the
traditional assessment path, the total number of certified SEPs in Germany for 2021, and 2022 are
38 (23 from equivalency), and 43 (16 from equivalency) respectively, which are higher than that
of France which does not have any alternative assessments, 33 in 2021, and 35 in 2022.

8. SoS engineering practices applied to the Certification
Program

System of Systems Engineering (SoSE) is about the integration of independent and operable sys-
tems networked together to provide new capabilities. Its focus is on the behavior of the System of
Systems (So0S), i.e., on synchronization, interoperability, and interface management between the
constituent systems.

Following are some of the key elements of SoS engineering applied to the certification program
(INCOSE, 2018):



Understanding capability objectives: It is important to understand the capabilities needed
from the constituent systems by the SoS, to ensure that the constituent systems are able to
meet these capabilities. While this is briefly described in section 2, it is documented in
detail in the certification procedures.

Understanding systems and relationships: This involves understanding the interactions be-
tween the constituent systems, and between the constituent system and the SoS. These re-
lations are documented in the certification procedures.

Developing & Evolving an SoS Architecture: The architecture of the SoS should include
the concept of operations, systems involved, their functions and interactions, and function-
ality of SoS with the data flow. The development of the certification architecture has been
initiated.

Orchestrating Upgrades: Any changes, and updates in the SoS, and the constituent systems
in managed by the change management plan described in section 6.

9. Open problems and future work for the INCOSE Certification
Program

9.1 Problems

Even though some of the SoS engineering practices have been applied to the certification program
there are following open problems:

1.

There are different ethical norms due to geographical distribution, and cultural diversity of
the certification applicants. This implies that there is different definition of cheating
throughout the world. Hence, maintaining fairness throughout the certification process is
difficult.

Opportunities to collect PDUs to renew certification depends on various factors such as
availability and accessibility of trainings, and events, and mindsets of applicants from dif-
ferent regions, cultures, and economic conditions.

Current cost of certification process might seem higher to applicants from some regions
due to higher currency exchange rate or lower incomes. This makes the certification less
equitable to all.

Language barrier affects the certifications as the knowledge exams only happen in English,
and the handbook is released in English and needs translation for several region. Transla-
tion of handbook is particularly tricky because a translator might align the content of the
handbook to the work practices of that region rather than the actual content of the hand-
book.

Data security requirements vary with countries, regions, and organization. Handling vary-
ing, and sometimes conflicting data security requirements is an open problem especially
when different requirements arise at different times.



Most of the above problems stem from the diversity and geographical distribution of the SoS.
Apart from the listen problems, issues like incompatibility between constituent systems, emergent
behavior, unsynchronous upgrades, and changes in the SoS and the constituent systems remain
open issues.

9.2 Future work

In order to deal with problems associated with cultural, or situational diversity, two approaches
can be taken: (1) Creating customized requirements: For example: to deal with the issue of cost of
certification being high for applicants of certain region can be solved with differential pricing,
similarly, the issue of variation of opportunities, and motivation for collecting PDUs can be solved
by interacting certified individuals of different regions, cultures, industries, and age groups in order
to understand their perspective, and problems to better device the PDU requirements for them. The
issue of language barrier can be partially solved by establishing academic equivalencies in differ-
ent countries, providing courses in their own languages. (2) Having flexible or reduced require-
ments to bridge the gap: The problem of varying understanding of cheating/malpractice can be
reduced by simplifying the application steps making it improbable to cheat, for instance: to avoid
copying/cheating in the reference forms, the applicants can copy and paste the parts of their expe-
rience forms into the reference forms for the references to just confirm the experience. To solve
the problem of data security, the data required to be shared between the parties can be reduced to
absolutely necessary information. This information has to be shared through authorized channels
by authorized personnel.

The problems related to emergent properties, evolutions, and changes in the SoS can be dealt with
by applications of Model-Based Systems Engineering (MBSE). Several possible events of SoS can
be modelled from the past data and simulated to anticipate the emergent behaviors. This can help
in mitigating any risks associated with the emergent behaviors. Through modelling of the SoS, the
constituent systems, and their interactions an impact analysis can be run if there is any change in
the constituent systems or the SoS to understand the effect of this change on the other constituent
systems, and the SoS.

The application of MBSE to a certification program (SoS) may provide the following benefits
(Chen, and Mark Unewisse, 2012): e establishing common SoS practices, assisting in the genera-
tion of artifacts, managing interdependencies and agreements between constituent systems and the
SoS, supporting trade-offs, monitoring and managing the SoS's status and performance, anticipat-
ing emergent behaviors, monitoring and tracking the status of constituent systems, and analyzing
the impact of constituent system change on the SoS.

The MBSE tools and methodology used would be heavily influenced by the purpose of this activity
and the expected outputs from the models and simulation. However, here are a few examples of
activities that can be carried out (E. Honoré-Livermore et al., 2021):

1. Simulation of the SoS's capabilities and objectives.
2. Simulation of various operational concepts.

3. Modeling of constituent systems to determine and define interfaces and how constituent systems
meet the SoS objectives.



4. To reduce the likelihood of undesirable effects, the model should support simulation or predic-
tion of emergent behavior.

5. SoS testing and validation modeling should ensure traceability from top-level objectives to
lower-level requirements and functional elements of the constituent system.

Although MBSE provides many benefits but there are some challenges that can arise while imple-
menting MBSE to a SoS, such as (E. Honore-Livermore et al., 2021):

1. The purpose of the modelling effort and expected insights must be clearly defined at the
onset of the effort.

The architecture can quickly become complicated.
Clarity on what is the "system of interest" is needed.

The level of detail up to which the constituent systems should be modelled is not clear.
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Information needed from the developers/owners of the constituent systems is not clear.

Modelling efforts towards this have begun. Figure 1. is a class diagram representing the ele-
ments of the certification program and their associations.
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Figurel. Class diagram of the certification program.



10. Conclusion

Although the INCOSE Certification Program has been functioning as a System of Systems prior
to the authors identifying it as such, there is value in recognizing its nature so that it can be more
effectively managed. Some of the SoS characteristics have always existed within the INCOSE
Certification Program — particularly its geographic distribution — and no action is required to opti-
mize that. Emergent behaviour and interdependency are important to keep in mind, as they drive
the need for close tracking and communication with constituent systems. Training providers have
taken on these functions of tracking and communicating between individual stakeholders and the
Certification Program. They could not have been assigned this role but all parties benefit from
their service. Modelling system interactions is also an important mitigation to the challenge of
asynchronous development across constituent systems. Models and relationship management are
both appropriate activities for the Certification Program Office to coordinate. This combination of
people, processes, and tools is a useful contribution as a case study in the development and oper-
ations of a System of Systems. This case study can motivate other process-oriented organisations
like the INCOSE Certification program as a SoS. They can especially benefit from understanding
the capabilities that are needed by the organisation and finding existing systems that can meet these
capabilities.
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