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Abstract: In order to lead successful projects, coordinating the 
different business units of a company is compulsory. This paper 
proposes a framework to make companies’ practices evolve 
toward a better alignment of the business units based on their 
processes, and illustrates it with project management and sys-
tems engineering processes. Indeed, all the different organiza-
tion units intend to serve the common global objective to 
satisfy the customer needs, and need to closely collaborate 
during projects. However, work organization in companies 
often leads to barriers between these stakeholders, with the 
result of an incoherent decision-making that may compromise 
project execution. Therefore, the issue of processes alignment 
from different domains lies at the very heart of ongoing 
research topics and ranks first among economic and industrial 
concerns. This paper uses a qualitative approach to show how 
different business units’ processes can be integrated and illus-
trate this framework by aligning the systems engineering and 
project management processes within a certain engineering 
project context. By using the proposed framework, different 
teams (or even different companies, in a context of distributed 
enterprise) can align their practices, while also making them 
evolve toward a better compliance with standards.

Keywords: Systems Engineering, Project Management, Stan-
dard Alignment, Process Integration

EMJ Focus Areas: Program & Project Management, Systems 
Engineering

M 
any technical projects end in failure or do not end 
with the expected success; the product or service does 
not meet customer expectations, is only partially 

compliant with specifications, or is not delivered on time or 
at expected cost. Extensions of project time and budgets are 
generally required in order to achieve acceptable results. Often, 
it is not the technical complexity that is involved, but rather 
problems in the management of objectives and alternative 
solutions, inconsistent team expectations, incompatible stake-
holders’ practices, lack of coordination between activities, to 
name a few (Andres & Zmud, 2002; Blackwell et al., 2009; 
Patanakul, 2014). This raises questions about how to improve 
the management of engineering projects in order to have 
a better approach and better results. To improve project per-
formance and to successfully lead projects, a thorough coordi-
nation of the different stakeholders involved (teams, business 
units, suppliers . . .) is mandatory, as highlighted in (Brammer 
& Millington, 2004; De Graaf & Loonen, 2018; Hsiao, 2014; 

Rajkumar, 2010). Indeed, although stakeholders each might 
have specific visions and targets, they need to serve the com-
mon global project objective to satisfy the customer needs at 
the end, and therefore must closely cooperate during the whole 
projects. However, work organization, often designed in silos, 
as stated by (Forsten-Astikainen et al., 2017; Kevan, 2016; 
Serrat, 2017), leads to segregation between stakeholders, each 
referring to his own specific processes, with as result an inco-
herent decision-making that may compromise project execu-
tion. Efficiently managing technical developments is a strong 
source of motivation for companies as well as for international 
standards organizations and governments; the issue of process 
alignment lies at the very heart of ongoing research topics and 
ranks first among economic and industrial concerns, as demon-
strated by recent surveys in (Rebentisch & Prusak, 2017; Tallon, 
2007; Tallon & Kraemer, 2003).

Some studies (e.g., Conforto et al., 2013; Faraj & Sproull, 
2000; Hernandez-Vivanco et al., 2018) revealed that efficiently 
coordinating stakeholders during the project is vital for com-
panies. To illustrate their conclusions, the authors took the 
case of systems engineering and project management 
domains, that are two critical factors for the success of engi-
neering projects (Cook & Ferris, 2007; Locatelli et al., 2014; 
Philbin, 2008). They demonstrated that aligning practices 
allows delivering better solutions and has a great impact on 
organizations and on the customers’ satisfaction. This means 
integrating people, objectives, processes and procedures, 
understanding everyone’s role and their values, promoting 
collaboration over competition, sharing information, using 
combined standards. (Faraj & Sproull, 2000; Karlsen, 2002; 
Rebentisch & Prusak, 2017) indicated that the use of one 
unique standard comprising both Systems Engineering and 
Project Management is one of the potential ways to improve 
cooperation, thus reducing budget slips, scheduling errors, 
and a variety of challenges that affect the final project out-
come. However, the authors did not provide any pragmatic 
solution to integrate different processes, referring to different 
standards, toward a unique standard.

This paper thus proposes an operational framework to 
align processes from different standards in order to better 
integrate different business practices, and illustrates the propo-
sal in the context of an alignment of Systems Engineering and 
Project Management practices. The section ‘Literature Review’ 
gives an overview of the scientific context. The section 
‘Research methodology and proposal of a framework’ presents 
our research approach and the resulting framework we propose 
for enhancing engineering project management through pro-
cesses alignment; it is applied in a case study. The following 
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section discusses the results, their interests and limitations. 
Then the paper considers the implications on the practice of 
engineering management. Finally, it concludes on the contribu-
tions and gives some perspectives for future research.

Literature Review
This section gives a broad overview on the current state of 
research as reported in literature. Two main questions are 
addressed: the need of coordinating practices and the issues 
and stakes of integrating Systems Engineering and Project 
Management.

Need of Coordinating Practices by Aligning Processes
Several analyses (Aziz & Hafez, 2013; Johnson & Gustafsson, 
2006; Liu & Atuahene-Gima, 2018) outlined that, in today’s 
highly competitive industrial environment, companies have to 
find solutions to keep improving their performance for market 
positioning reasons. To this goal, they need to better control 
and shorten development cycles while maintaining the achieve-
ment of objectives (Griffin, 2002; Meredith et al., 2017; Meyer 
& Utterback, 1995). (Conforto et al., 2013; Hardman & 
Colombi, 2012; Mir et al., 2016) proposed several complemen-
tary solutions that can contribute to this: define, precisely 
describe and promote a set of best practices, clearly define the 
objectives, the roles and responsibilities, make teams cooperate, 
manage the data and ensure their continuity all along the 
project in-between stakeholders, select a few of reliable suppli-
ers and partners, deploy standards and seamless tools. At the 
same time, the trend in industry is toward cooperating teams, 
larger projects with more and more partners and also compa-
nies’ merger to either bring in complementary knowledge or to 
strengthen existing knowledge. The goal remains the same: 
developing a product or a service, fulfilling the clients’ require-
ments, within an optimal design and development approach. 
This brings people with different backgrounds working 
together. However, they naturally base themselves on their 
own framework that usually relies on procedures from their 
“home” company or department. As a result, these different 
perspectives potentially lead to important misunderstandings.

The awareness to organize work and manage competencies 
differently is a major stake, allowing organizations to be con-
sistent with business models between suppliers and between 
different entities inside the company (Chesbrough, 2010; Mor-
ris et al., 2005; Pedersen et al., 2018). Indeed, (Goh, 2002; 
McKinsey Global Institute, 2013) and more recently (Gupta 
et al., 2019) analyzed that, as companies often are structured 
in silos by business units, this usually leads to an extension of 
development cycles, to projects failures or to projects that do 
not reach their objectives (costs, delays, quality, customer satis-
faction). Some more studies (Davis, 2017; Engelbrecht et al., 
2017; Standish Group International, Inc, 2015) have assessed 
that project success rates were less than 40% only (delivered on 
time, on budget, with required features and functions). How-
ever, each business unit is not a stand-alone entity, it is con-
nected to the others, and a good cooperation, based on 
common bases and common understandings, is a must.

These observations are not new, and (Leach, 2014) already 
noted this situation. However, the industrial situation regularly 
and progressively grew along with the quest for continuous 
improvement. Pushed by the growing complexity of systems 
that are being developed as well as stronger quality constraints, 

project durations are becoming longer and longer (Chaudhuri 
& Boer, 2016; Maylor & Turner, 2017). Companies are actively 
looking into their processes, their associated Product Life-Cycle 
Management (PLM) tools and their organization, to try to 
understand how and why this is occurring. It turns out that, 
beyond the necessary continuity in data management and tool 
interoperability, a major key to improve their global perfor-
mance lies with the mastery and the consistency of the pro-
cesses used by the multiple stakeholders involved in systems 
development (Aversano et al., 2016; Mardani et al., 2015; Tal-
lon, 2007).

Integrating Systems Engineering and Project Management: 
Issues and Stakes
Let us illustrate this urgent need of better coordination through 
process alignment with the case of systems engineering and project 
management. The context is that, with the growing systems com-
plexity and increasing size of projects, the roles of systems engineers 
and project managers progressively became more crucial (Ahmed 
& Anantatmula, 2017; Cohen et al., 2014; INCOSE-UK, 2009). 
However, a cultural barrier has steadily grown over time between 
them. As noted by several surveys (Rebentisch & Prusak, 2017; 
Sharon et al., 2011; Zeierman & Ben-Asher, 2016), the chief systems 
engineer is working on the (technical) solution of a development, 
while concurrently the project manager is working on the project 
organization. The former focuses on the technical accountability, 
the later on the overall managerial elements of the project. They 
often do not operate for a final perspective, they often see the 
project as “yours” or “mine,” without necessarily see it as “our 
problem.” In this situation, it frequently happens that systems 
engineers and project managers “live their own life,” erroneously 
believing that what they do is different, thus forgetting that their job 
is part of a whole (Arnold, 2012; Langley et al., 2011; Rebentisch & 
Prusak, 2017). Consequently, projects’ expenditure rises, projects 
need more time to reach the desired goal, and even then, often 
provide suboptimal solutions to the customers (Conforto et al., 
2013; Langley et al., 2011; Walden et al., 2015).

The joint Alliance INCOSE-PMI, together with the Massa-
chusetts Institute of Technology (MIT), conducted several 
activities to show how organizations can become more efficient 
and can get better performance outcomes (PMI & INCOSE, 
2016). Among a few, one way of improvement is to integrate 
the methods, tools, and performance from systems engineering 
and program management (Dasher, 2003; Oehmen et al., 2012; 
Rebentisch & Prusak, 2017). (Laporte et al., 2016; Saaty, 2004; 
Sharon et al., 2011) argue that the future of engineering projects 
depends on a team integrating both systems engineers and 
project managers. They are supported in their opinion by 
(Componation et al., 2008; Hart, 1995; Sols & Salado, 2019), 
that are convinced that creating a stronger alignment and 
integration between project management and systems engineer-
ing practices can help delivering complex large-scale engineer-
ing projects which align with objectives within schedule 
projections, as well as deliver the requirements to the custo-
mers’ perspectives.

Ho and O’Sullivan (2018), Hussain et al. (2009), and 
Rebentisch and Prusak (2017) argue that the use of standards 
or standardization framework can improve the project effi-
ciency. Among the pathways toward this alignment (Barafort 
et al., 2002; Faraj & Sproull, 2000; Rebentisch & Prusak, 2017), 
underline the interests of using of combined standards and of 
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a better coordination of procedures at a transversal level, to 
ensure the uniformity and coherence of practices, by formaliz-
ing (description and modeling) and harmonizing the stake-
holder practices. Indeed, depending on the size of the 
company and its history, there may be a single standard, or 
several specific standards (Delisle, 2019; Laporte et al., 2008; 
Tarí et al., 2020). Analyses of standards can allow identifying 
where difficulties may reside, which sources may induce ineffi-
ciency, and studying how to optimize the activities. For 
instance, important overlaps can be noticed between the 
scope of systems engineering as described in the SEBoK or 
Capability Maturity Model Integration (CMMI) (BKCASE Edi-
torial Board, 2019; Fiorèse & Meinadier, 2012; Rebentisch & 
Prusak, 2017) and the scope of project management as 
described in the PMBoK (PMI, 2017). Looking at the processes 
from the concerned standards, several similarities can be iden-
tified. For example, life cycle planning, business case analysis, 
and quality assurances are considered in both Systems Engi-
neering and Project Management (see Exhibit 1).

As underlined by (Langley et al., 2011; Rebentisch & Pru-
sak, 2017; Sharon et al., 2011), project execution can notably 
benefit from exploring the similar or complementary aspects of 
systems engineering and project management functions and 
activities. However, the absence of common standards or expli-
cit connections between systems engineering and project man-
agement put the responsibility on benefiting from the close 
relationships on the shoulders of the people actually perform-
ing the work, i.e., systems engineers and project managers. Sage 
and Rouse (2014), Sharon et al. (2011), and Rebentisch and 
Prusak (2017) advanced that systems engineering and project 
management are two lightly integrated domains that could 
benefit from a stronger integration. These authors proposed 
that actual systems engineering management practice involved 
continuous cognitive zigzagging between systems engineering - 
the product domain - and project management - the project 
domain.

Several initiatives addressed this issue. The two disciplines 
can be disjointed, partially intersecting, or one can be seen as 
a subset of the other (Adcock et al., 2016; Ferguson, 2007; 
Turner et al., 2016). (Adcock et al., 2016; Sharon et al., 2011; 
Turner et al., 2016) identified that the overlap between systems 

engineering and project management depended on the envir-
onment and organization. From the INCOSE and PMI experts’ 
point of view, the root for the observed problems can be found 
in the (mis-)alignment of processes, roles, and languages 
(Arnold, 2012; Rebentisch & Prusak, 2017; Sharon et al., 
2011). The conclusion was that, in real life, the interaction of 
the two domains often results in mismatched expectations and 
confusion as to who has the responsibility for each process/ 
knowledge area, in part due to mismatched process descriptions 
according to standards.

Very few standards clearly define relationships between 
these disciplines. Laporte et al. (2008), Laporte et al. (2016), 
and O’Connor and Laporte (2012) attempted to address the 
integration of systems engineering, software implementation, 
and project management with the recent ISO/IEC 29110 series 
of standards and technical reports, stepwise published since 
2011 (ISO/IEC, 2011) and aiming at helping Very Small Enter-
prises (VSEs). The goal of this standard is to support the VSEs 
with the relevant international standards to their business needs 
and also to justify the application of the standards to their 
business practices. In this series of standards, fewer processes 
are defined than in the other standards and guides. The SEBoK 
(Systems Engineering Body of Knowledge) (BKCASE Editorial 
Board, 2019) deals with the relationships between systems 
engineering and project management in its part 6 but does 
not suggest how to integrate them. Looking at the state of the 
art and state of practices, it appears that there is a true need for 
a methodological guide to progress toward a better alignment 
of processes.

Research Methodology and Proposal of a Framework
Research Methodology
Our research objectives are to:

● Develop a comprehensive framework for aligning the pro-
cesses from different business units;

● Validate the applicability of the framework using a project 
involving systems engineering and project management;

● Discuss the usefulness of the framework to assist the pro-
ject managers to better and collaboratively manage the 
project.

To these goals, an analysis of the commonly used standards 
in systems engineering and project management was done. 
Overlaps and similarities between them were identified, but 
also incoherencies between processes (Xue, 2016; Xue et al., 
2017, 2020). This led to results on the ‘alignability’ of the 
different standards and the evaluation of gaps to align them. 
Following this phase, several projects were analyzed and in 
particular, an industrial survey was done (Vargas et al., 2018; 
Zheng et al., 2017) so to see how standards were used in 
industry and what the real issues were resulting from badly 
aligned practices. Several pathways were considered so to over-
come the issues and thanks to an additional industrial survey, 
these findings have been given a broader scope for the align-
ment of processes between the different work units. The 
retained pathway was to improve cooperation between teams 
by an integration of referred standards. Once the problem 
stated and the objective clear, we contributed to build this 
integration with the proposal of a framework to align the 
processes described in standards step by step.

Exhibit 1. Overlaps Between Systems Engineering and Project 

Management (Kossiakoff et al., 2011) 
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The obtained framework was tried out on projects so to get 
some insight and be able to assess its interests and limitations.

Consequently, the research approach proceeds into three 
steps: an assessment of the importance of process alignment 
from the need of coordinating practices by aligning processes 
and alignment of systems engineering and project management 
perspectives, the development of the framework, and experi-
mentation on a case study. From an epistemological viewpoint, 
the approach can be characterized as a kind of exploratory, 
grounded research which means that the development of the 
framework is based on the literature review and on the analysis 
of the alignment of processes.

Proposal of a Framework
If we analyze the use of processes in the companies, they 
(suppliers for instance) need to demonstrate the quality of 
their processes. Often, however, companies have in-house prac-
tices that grew over the years and that they manage thanks to 
their experience; sometimes they rely on defined processes, but, 
according to (Mendling et al., 2017; Röglinger et al., 2012; 
Vallurupalli & Bose, 2018), these are scarcely optimized.

To reassure their clients (or meet the authorities require-
ments), and also to improve their efficiency, companies need to 
comply with some well known and very largely spread stan-
dards or recognized best practices’ guides, so that clients and 
authorities can be confident in the quality of their practices 
(Brunsson et al., 2012; Tarhan et al., 2016; Uzumeri, 1997). 
Several situations can be distinguished: (1) either the company 
already refer to standard practices, or (2) the company uses in- 
house practices and thus needs to demonstrate that they com-
ply with a standard or to make them evolve toward 
a compliance, or (3) the company is not mature enough to 
have developed in-house practices yet, and needs to select 
a standard and to be as compliant as possible with. In the two 
last cases, they need to first identify a short selection of stan-
dards that are relevant to them, then evaluate these standards in 
order to determine the one they will adopt. They need to refer 
to at least one standard defining engineering processes and 
another standard for project management. To be efficient, the 
interest of the company is to directly adopt standards that are 
coherent with one another, to overcome the drawbacks 

mentioned in the previous section (misalignment of processes, 
ambiguous roles, and incoherence in overlapping). Once stan-
dards are selected, a precise look at potential remaining diffi-
culties to effectively align processes must be taken, in order for 
the company to finally define then adopt the set of coherent 
processes that results from this alignment.

Our proposal thus naturally consists of two general steps, 
as shown in Exhibit 2: analyze the ‘alignability’ of standards and 
align processes from standards.

First general step: Analysis of the “alignability” of standards. 
The methodology here aims at analyzing and comparing 
standards from different domains to evaluate their ability to 
be aligned. This analysis consists of six steps as follows (see 
Exhibit 2):

Step 1: Select standards from each domain. In the first step, 
different standards are collected, that are suitable for the domain 
of activity of the company. According to the company profile 
(large group, small and medium enterprise . . .) and its scope 
(software, manufacturing . . .), the set of standards selected is likely 
to be different. For example, whereas software companies may 
want to bring in software engineering standards and agile project 
management norms, mechanical engineering-oriented companies 
may rather favor more traditional management and engineering 
standards. The choice belongs to the person or department in 
charge of performing the study to select the best possible, relevant 
standards. This collection process could be implemented by using 
brainstorming, expert ranking, or Delphi methods.

Step 2: Define comparison criteria. To evaluate the different 
standards, a set of criteria should first be defined. Such criteria 
can include, for example, the level of detail that each standard is 
going into, or the frequency with which the standard is 
updated, the latter showing the reactivity to changes in the 
economic environment. The study of Sheard and Lake (1998) 
is one of the most important references that compared the 
systems engineering references. The criteria defined in this 
study are widely used for the study of systems engineering 
references. For this reason, it was used as starting point in the 
current study. A seminar was organized within the framework 

Exhibit 2. The Two-Steps Global Framework 
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of this study so to gather around 50 different industrial experts 
that led to a consensus on a general list of criteria:

● Content – describing the number of processes defined by 
the standard and how they are put together;

● Level of detail – explaining how precisely the processes or 
activities are described, how detailed the standard is;

● Year of publication – giving a lower value if the standard is 
older;

● Revision frequency – describing the update dynamics with 
respect to methodology and techniques;

● Number of management processes – indicating the number 
of processes related to project management;

● System life cycle – describing the type of system life cycle 
defined by the standards;

● Process structure – evaluate the possibility to align the 
processes from the process structure perspective.

However, the person or department that wants to use our 
methodological proposal has to choose the best possible criteria 
for her/his own context, and should not be limited with this list 
of criteria. For example, a company working in a very fast 
evolving domain may favor norms and standards that are fre-
quently updated, aiming at staying connected to the state of the 
art in the domain. Moreover, it should be noted that companies 
can have their own point of views on how to define the 
comparison criteria, and these criteria should be defined con-
sidering the companies context. For instance, they can be 
collected through a survey answered by the company’s systems 
engineering and project management experts. The experts can 
be selected based on the method proposed by Hadad et al. 
(2013). Meanwhile, several other methods could be used to 
this aim, by brainstorming, expert ranking, or using methods 
such as Delphi, Analytic Hierarchy Process, Analytic Network 
Process, Data envelopment analysis, binomial coefficient 
method, to name a few. Several software tools and applications 
could be used during this step. Such as the Microsoft Excel, 
DEA-Solver, DEAP, MaxDEA, MATLAB to only name a few.

Step 3: Evaluate the standards according to the criteria. The 
standards that will be used for a study need to be assessed with 
respect to the selected criteria. The actual evaluation of each 
standard or norm for the selected criteria asks for a strict homo-
geneity in the assessment; the evaluation must be done using 
strictly the same approach, preferably by the same person(s), or 
maybe the same group of people using the same approach. 
Absence of such a strict homogeneity will not allow for 
a balanced comparison of the standard pairs. In this step, it should 
be noted that the marks for criteria do not mean the degree of 
“alignability”; the degree “alignability” relies on the distance of the 
same marks from both systems engineering and project manage-
ment standards. The less distance they have, the more “alignable” 
they are. To support calculation in this step, software tools such as 
Microsoft Excel or MATLAB could be used.

Step 4: Allocate weights to criteria. Once the standards have 
been selected, the criteria defined and the selected standards 
evaluated with respect to each criterion, the stakeholders 
responsible in a company or project need to express their 
interest in certain criteria with respect to others. The concerned 
company management (quality department, norms, and 

standards department, process methods, and tools depart-
ments . . .) are asked to express the relative weight they want 
to give to each criterion. For example, a company working in 
a relatively stable technical environment may want to favor 
technical detail in the standards to be taken into consideration, 
giving less importance to the frequency with which these stan-
dards are updated. A company working on developments that 
need to take into consideration the latest aspects may give 
a higher weight on the update frequency so to be sure to have 
the latest information on board. Therefore, a different weight 
pattern can be expected for different company sizes (large 
groups, SMEs (Small and Medium Enterprises) and VSEs 
(Very Small Enterprises)). Many techniques can be used in 
this step, to get the criteria weights such as factor analysis 
method (Chin, 1998), analytic hierarchy process (Mon et al., 
1994), Delphi method (Linstone & Turoff, 1975), binomial 
coefficient method (Mendoza & Prabhu, 2000). As in the pre-
vious step, this calculation could be done with Microsoft Excel, 
MATLAB, or any other calculation tool.

Step 5: Evaluate the potential alignment of standards. Once 
the weights have been assigned to each of the criteria, the 
potentiality of alignment of a standard from one domain with 
a standard from another domain is done using the weighed 
calculation of the absolute value of the difference between 
these marks. This difference leads to an appreciation for 
each possible pair. This appreciation, referred to as distance, 
gives a higher potentiality of “alignability” when the distance 
is smaller. The distance is calculated using the following for-
mula (1):

Dmn ¼
XN

i¼1
wi vim

� vin
j j (3:3:) 

N denotes the total number of criteria evaluated for each 
standard pair m (systems engineering) and n (project management).

Vim denotes the value of the ith criterion of the mth standard.
wi denotes the weight that is assigned to the ith criterion in 

the calculation.
Dmn denotes the distance between the standard pair m and n.
This simple calculation process could be supported by any 

existing calculation software.

Step 6: Select the best “alignable” pair of standards. Now, all 
the calculated distances have been evaluated, the most “align-
able” pair of standards can be found with the minimum value 
of Dmn. Proceeding this way, pair by pair, the pair of most 
“alignable” standards can be obtained.

Remark. It should be noted that in working this way, two 
distinct sources of impacts can be identified.

On one hand, the choice of criteria and the weights asso-
ciated to each criterion by the stakeholders, leading to 
a direction on where process alignment can go for the con-
cerned company.

On the other hand, the contents of each norm or standard 
will guide the way the actual assessment takes place.

These two sources of impact are independent from each 
other and have a strong impact on the final result.

Second general step: Aligning processes from standards. As 
starting point for this step, two standards have been assessed 
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as “alignable.” This section will explain the methodology for 
aligning the processes of the two standards. The presented 
methodology has the advantage of being able to be used for 
any kind of process; one can think of processes from different 
business units, from external sources, homegrown procedures, 
or even from other companies. The analysis is organized 
around four steps as shown in Exhibit 2.

Step 1: Analyze the structures of standards and chose a level 
to make the alignment. Standards generally are hierarchically 
structured into several levels. Given the diverse origins, all 
standards’ structures are likely to be different: the number 
and names of levels, the level of abstraction and precision of 
the descriptions may vary. Considering these differences, the 
first step is to analyze the structures of standards, in order to 
determine at which level of their structure could be aligned. 
Each level of standards structures is evaluated according to the 
level of abstraction (process level, activity level . . .) and the level 
of detail of the description. Then, a suitable level of the struc-
ture where the alignment would make sense is identified. The 
result of this step is the choice of levels in each of the standards’ 
structures to proceed to the alignment of standards.

Step 2: Align the structures. A deeper look at the processes, 
tasks or activities to align will reveal either that the standards 
have suitable processes or activities for the chosen level defined, 
or that no obvious matching between the standards appears.

In the first case, there is no need to analyze and compare 
processes because alignment will be relatively straightforward 
and this step can be skipped.

In the second case, a complementary analysis needs to be 
done to determine how processes from the standards can be 
best aligned in order to create an intermediary level to align 
processes.

Illustration: In Exhibit 3, standard #2 has two levels of 
abstraction: one of high level and one very low level. Here, in 
the first step, it was decided to align the two standards at an 
intermediate level (i + 1) of standard #1; there is no direct 
matching with either level (j) or (j + 1) of standard #2. An 
intermediate level needs to be created for the standard #2 by 
refining level (j) and by abstracting the information level (j + 1) 
level to get a corresponding level of abstraction as level (i + 1) 
of standard #1. This induces adjusting the standards structure 
and creating an intermediate level in the second standard to 
align it with the first one. After the adjustment of the standard 
structures and the alignment of the processes are at the same 
level of detail.

Step 3: Analyze the processes and identify the overlaps. The 
integration of processes in Step 2 could lead to an identification 
of potential overlaps between the processes. The analysis in the 
current step aims at the similarities and differences between the 
processes. If descriptions are completely identical, descriptions 
can be merged into a single process description. If the processes 
have the same names but different meanings, distinguishing 
names need to be introduced. This step results in a set of 
integrated processes from the two standards. As multiple stan-
dards and guides define different processes, this step will 
involve a heavy text analysis to identify overlaps. However, 
with the development of Artificial Intelligence, several technol-
ogies and software tools for text mining have been developed 

and could be used during this step, such as Google Cloud NLP, 
IBM Watson, or Lexalytics.

Step 4: Structure the processes. The last step is to define 
a new structure of the integrated processes according to 
different project contexts to be easily applied during the 
complete project life cycle. Following the context in which 
the development takes place, a company can choose suitable 
processes according to its scale. This step brings flexibility 
that may in particular interest VSEs that have a more difficult 
task to relate the available resources to the processes 
described in the systems engineering and project manage-
ment standards.

Remarks. The presented four-step methodology provides 
a comparative analysis of processes, identifying the main 
differences between their descriptions in standards, evaluating 
the ability of standards to be aligned, aligning the processes and 
structuring them in a new suitable structure.

In order to structure the processes for a development pro-
ject, a company may, for example, decide to align the structure 
of one standard with that of partners in order to make them 
compatible. Let’s take the example of an acquisition of a smaller 
company by a large group. It may be expected from the smaller, 
acquired company to bring its processes in line with those of 
the group. However, for specific reasons (e.g., keeping a start- 
up like behavior) the group may also decide to only partially 
adapt the structure.

If a development project takes place in one and the same 
organization, meaning the complete project life cycle takes place 
in the same organization, it is easier to apply all the integrated 
processes. If the development project is done with external sup-
pliers, then the creation of the new structure has all its benefits. 
For example, for the external suppliers the executing phase of the 
development is more important than the closing phase of the 

Exhibit 3. Elaborate an Intermediary Level to Align Project Man-

agement (PM) and Systems Engineering (SE) Processes 
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project, even though they still need to pay attention to planning, 
monitoring, and controlling. Small external suppliers most likely 
have little attention to pay to such a closing phase, as the project 
closing is done within the clients’ organization.

Result from a Case Study
This section aims at presenting the results obtained by experi-
menting with the application of the framework on a case study. 
It will be shown how the framework allows for aligning SE and 
PM processes according to the project context. The project is 
a scholar project, with as objective to apply systems engineering 
discipline on the definition, development, realization, and 
operation of a LEGO robot. The project was aiming at master-
ing the details of every systems engineering process in order to 
implement the SE practices successfully. Meanwhile, the project 
members also needed to write a research report on how they 
managed the project execution. In this illustration, the project 
team will emphasize the project context on three project phases 
(planning, executing, controlling, and monitoring) and three 
steps of the system life cycle (conception, development, produc-
tion) (see Exhibit 4). A subset of these standards will be ana-
lyzed and aligned according to this project context.

The application of the framework proceeds in two steps, 
first analyze the alignability of SE and PM standards then align 
processes from standards.

Assessment of Alignability
Step 1: Choose standards from each domain. Based on the 
Sheard and Lake (1998), Xue et al. (2014), and Xue et al. 
(2015), five most important systems engineering standards 
and two famous project management standards are 
considered, respectively, ANSI/EIA 632 (ANSI/EIA, 1998), 
IEEE 1220 (IEEE, 2005), ISO/IEC 15288 (ISO/IEC, 2015), 
INCOSE Systems Engineering Handbook (INCOSE, 2015), 
SEBoK (BKCASE Editorial Board, 2019), PMBoK (PMI, 
2017), and ISO 21500 (ISO, 2012).

Step 2: Define comparison criteria. This step will choose or 
define comparison criteria with as starting point the already 
mentioned study of Sheard and Lake (1998) that compares the 

systems engineering standards available according to four criteria: 
scope, level of abstraction, system life cycle, and systems 
engineering management processes guidance. Since then, the 
ANSI/EIA 632, IEEE 1220 and ISO/IEC 15288 standards have 
been updated several times, and two additional guides, the 
INCOSE Systems Engineering Handbook and SEBoK, have been 
published. However, less recent research analysis has been 
comparing them. It was therefore decided to compare the latest 
versions of the five previous systems engineering standards and 
two important standards from the project management domain: 
PMBoK and ISO 21500. The “level of abstraction” criterion 
introduced by Sheard and Lake (1998) was taken over as a basis 
and considered as “level of detail”; we also use the “system life 
cycle” as an important criterion for evaluating the project scope. 
Five additional criteria were defined in accordance with the 
objectives defined by the company, evaluating the vivacity of the 
standard or norm (“year of publication” and “revision 
frequency”), its ability to address the management (“content” 
and “number of management processes”) and the hierarchical 
structuration of processes (“process structure”).

Step 3: Evaluate the standards according to the criteria. For 
the seven cited standards, the result of these criteria is shown in 
Exhibit 5.

Marks given on the level of detail and the revision fre-
quency of these standards are relative. The higher a mark is, the 
better this criterion is fulfilled by the standard in question. 
However, a high mark does not have a specific interpretation 
as to the performance quality of a standard or norm; the goal 
here is exclusively to evaluate the most “alignable” pair of 
standards, not the performance quality of individual standards. 
Looking, for example, at the criterion “level of detail,” it cannot 
be concluded that a more detailed standard (i.e., with a higher 
mark), the more “alignable” the standard is. The marks defined 
and used are only for evaluating the distance of the systems 
engineering and project management standards on the same 
measurement perspective. The closer the marks on level of 
detail of both standards are, the easier to align the systems 
engineering and project management standards. For example, 
if the systems engineering standard has the same level of 

Exhibit 4. Limited Subset of Processes 
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abstraction and the marks for evaluating the level of abstraction 
is very low, but the distance between them on this criterion is 
zero; based on this criterion, they are the most “alignable” 
systems engineering and project management standards 
because they have the same level of abstraction. The more 
“alignable” the standards are, the much easier to cooperate 
between the systems engineering and project management pro-
cess and related stakeholders.

The final result of the standards marks is based on the 
seven criteria and shown in Exhibit 6. Reconsidering the seven 
criteria, the following rules were selected in this paper:

● Content – the more processes the standard has, the higher 
the mark;

● Level of detail – the more level of detail a standard has, the 
higher the mark;

● Year of publication – the more recent the publication, the 
higher the mark;

● Revision frequency – the higher the update frequency, the 
higher the mark;

● Number of management processes – the more manage-
ment processes the standard has, the higher the mark.

● System life cycle – the more general the system life cycle is, 
the higher the mark;

● Process structure – the more layer the process has, the 
higher the mark.

Step 4: Allocate weights to criteria. In this step, the weights for 
each criterion are defined so that the comparison can take 
place. Different methods can be applied to do so, detailed 
interviews or workshops with the concerned parties give 
a good input. During such workshops, the different 
stakeholders can appreciate the importance of each criterion 
and try to see what parts would be best for their project or for 
their company. Different stakeholders have different interests: 
the criteria weights differ according to the stakeholders. In this 
case study, the project numbers expressed that the level of detail 
of each process was the most important aspect to take into 
account. The revision frequency was also considered important, 

Exhibit 5. Evaluation of Standards According to the Criteria

References

Criteria ANSI/EIA 632 IEEE 1220 ISO/IEC 15288

INCOSE SE 

Handbook SEBoK PMBoK ISO 21500

Content 13 processes 8 processes 31 processes 31 processes 31 processes 49 processes 39 processes

Level of detail

Year of publication ANSI/EIA, 1998 IEEE, 2005 ISO/IEC, 2015 INCOSE, 2015 BKCASE Editorial 

Board, 2019

PMI, 2017 ISO, 2012

Revision frequency 2 3 4 4 2 6 1

Number of 

management 

processes

3 1 14 14 14 49 39

System life cycle Enterprise-based Typical Life cycle 

processes

Life cycle 

processes

Life cycle 

processes

Life cycle 

processes

Life cycle 

processes

Process structure Process-activity 

(output)-task

Process-task Process-task 

-(input, output)

Process Knowledge area- 

activity

Process-task 

-(input, output)

Process-task 

-(input, output)

Exhibit 6. Giving Mark to Each Standard

References

Criteria ANSI/EIA 632 IEEE 1220 ISO/IEC 15288 INCOSE SE Handbook SEBoK PMBoK ISO 21500

Content 2 1 3 3 3 5 4

Level of detail 1 4 3 3 5 4 2

Year of publication 1 2 4 4 6 5 3

Revision frequency 2 3 4 4 2 5 1

Number of management processes 2 1 3 3 3 5 4

System life cycle 1 1 2 2 2 2 2

Process structure 2 1 3 4 1 3 3
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as the project group wanted to take on board the most recent 
advances on the state of the art of the concerned areas systems 
engineering and project management. This criterion therefore 
had the second highest weight. The five remaining criteria were 
given the same weight. Normalizing to a “total” weight of 1, the 
criteria weights were then selected to as shown in Exhibit 7.

Step 5: Evaluate the potential alignment of each pair of 
standards. Using formula (1) the distance between the 
different standards can now be calculated. Exhibit 8 shows the 
results of the example for norm ANSI/EIA 632 and guide 
PMBoK, calculating the absolute value of difference for these 
standards.

As an example for calculating the distances, formula (1) can 
be used. The comparison between ANSI/EIA 632 and PMBoK 
then becomes the absolute value of difference for this pair is:

D11 ¼ 12% � 2� 5j j þ 25% � 1� 4j j þ 12% � 1� 5j j þ 15%

� 2� 5j j þ 12% � 2� 5j j þ 12% � 1� 2j j þ 12%

� 2� 3j j

¼ 2:64 

Following this method, all the absolute value of differences 
of each pair systems engineering and project management 
standards are calculated and shown in Exhibit 9.

The lowest value concerns the standard pair ISO/IEC 
15288 – PMBoK.

Step 6: Select the best “alignable” standards. Using the weights 
as defined above, the conclusion is that the pair of ISO/IEC 
15288 and PMBoK, having the lowest absolute value of 
differences, would be the most “alignable” standards for this 
scholar engineering project.

SE and PM Processes Alignment
As an illustration of the methodology presented above, integra-
tion is done on a sub-set of systems engineering and project 
management processes following the results of the first general 
step, that the most “alignable” standards are ISO/IEC 15288 for 
systems engineering and PMBoK for project management. In 
the following, the methodology is performed step by step.

Step 1: Analyze the structures of standards and chose a level to 
make the alignment. In this step the goal is to determine at 

Exhibit 7. Giving Weights to Each Criterion

Criterion Content Level of Detail Year of Publication

Revision 

Frequency Number of Management Processes System Life Cycle Process Structure

Weight 12% 25% 12% 15% 12% 12% 12%

Exhibit 9. Evaluation of the Distance between Systems Engineering and Project Management Standards

SE

PM ANSI/EIA 632 IEEE 1220 ISO/IEC 15288 INCOSE SE Handbook SEBoK

PMBoK 2.64 1.98 1 1.12 1.54

ISO 21500 1.36 2 1.06 1.18 1.74

Exhibit 8. Giving Mark to ANSI/EIA 632 and PMBoK

ANSI/EIA 632

Content

Level of 

Detail

Year of 

Publication

Revision 

Frequency

Number of Management 

Processes

System Life 

Cycle

Process 

Structure

PMBoK Content |2-5|

Level of detail |1-4|

Year of publication |1-5|

Revision frequency |2-5|

Number of management 

processes

|2-5|

System life cycle |1-2|

Process structure |2-3|

Weight 12% 25% 12% 15% 12% 12% 12%
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which level the standards could be aligned. ISO/IEC 15288 
follows the structure as shown in Exhibit 10: four process 
groups, including 31 processes. Each process is described in 
terms of “purpose,” “outcomes”, and “tasks and activities.”

PMBoK is also organized in three levels: 10 Knowledge Areas, 
covering 5 process groups, each process being described by 
“inputs,” “tools and techniques,” and “outcomes” (see Exhibit 
11). A Knowledge Area represents a complete set of concepts, 
terms, and activities that make up a professional field, project 
management field, or area of specialization. The 49 processes are 
organized into five process groups.

For both standards, three levels of decomposition can be 
identified. These levels are, however, not directly matching. 
Going deeper in detail on each level, correspondences can be 
found. Here we focused on the level of detail of processes 

description on the one side or knowledge areas description on 
the other side. A detailed explanation has been provided in (Xue 
et al., 2015). After comparing the different levels of description 
available at different levels of the hierarchical structures of systems 
engineering processes and project management knowledge areas, 
we found that the level of detail of “process” in ISO/IEC 15288 is 
similar to the level of detail of “knowledge area” in PMBoK, while 
the level of detail of the “activities” in the ISO/IEC 15288 is at the 
same level of detail as PMBoK’s ‘processes.’ Exhibit 12 illustrates 
the case of the “Quality management” process of ISO/IEC 15288 
and the “Project quality management” Knowledge Area of 
PMBoK. A direct match can be identified between tasks and 
activities of ISO/IEC 15288 and processes from PMBoK at the 
same level of decomposition. The “process” level of ISO/IEC 
15288 is the similar to the “Knowledge Area” level in PMBoK, 

Exhibit 11. Structure of PMBoK 

Exhibit 10. Structure of ISO/IEC 15288 
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so the level of detail of PMBoK’s “processes” is the same as the 
“activities” of the ISO/IEC 15288. This is where focus will be given.

Step 2: Align the structures. Even though the number of 
processes and Knowledge Areas is not the same, the 31 
processes of ISO/IEC 15288 can now be compared to the 10 
Knowledge Areas of the PMBoK. Both standards’ structures 
analyzed and having found the best level to align them, the 
processes of PMBoK need to be regrouped to align the 
structures. As we analyzed before, the processes of ISO/IEC 
15288 and the knowledge areas (KAs) of PMBoK are at the same 
level of detail. After the comparison of the standards, it is 
necessary to regroup the processes from PMBoK into the 
aggregated process at the same level of detail as the processes of 
ISO/IEC 15288. PMBoK not only classifies the processes 
according to the knowledge areas, but is also organized 
according to the project management process groups (see 
Exhibit 13). So, the processes of the PMBoK are localized in two 
dimensionalities: “knowledge area” and “project management 
process group” (see Exhibit 13). The rule adopted to regroup the 
processes is based on “knowledge area” and “project management 
process group” of PMBoK. The processes related to the same 
“knowledge area” and the same “project management process 
group” are regrouped into the same integrated processes. For 
example, from one dimensionality (project management process 
group), the three “Plan cost management,” “Estimate costs,” and 
“Determine budget” are located in the group “Planning process 
group;” from another dimensionality (knowledge area), the three 
processes are located in the knowledge area “project cost 
management,” so they are regrouped into a new process “Cost 
planning process” (see Exhibit 13).

After regrouping the processes of PMBoK into integrated 
processes, these integrated processes have the same level of detail 
as the process of ISO/IEC 15288 (see Exhibit 14), the original 
processes of PMBoK being now sub-processes of the integrated 
processes. The level of detail of the process is located at the 
intermediary (medium) level of the standards structure. As we 
see, the ISO/IEC 15288 and PMBoK have more than 100 tasks and 
activities while there are less than 20 process groups totally; so 
aligning references is not easy at the lowest level or highest level. 

The most suitable level for this alignment is at the process level 
based on the detailed level (as shown in Exhibit 14).

Step 3: Analyze processes and identify the overlaps. In the 
previous step, the 49 processes from PMBoK were regrouped 
into 30 aggregated processes as presented in Exhibit 15. As the 
ISO/IEC 15288 also has systems engineering management 
activities and processes, some overlaps exist between the two 
standards. There is a need to analyze in detail the ISO/IEC 
15288 and the PMBoK (integrated) processes so to identify the 
overlaps. If after a deep analysis some redundant activities are 
found between the two standards, and these are merged.

As an example (see Exhibit 16), in the “Stakeholder Need & 
Requirements Definition Process” of ISO/IEC 15288 there are 
five activities: “Prepare for Stakeholder Needs and Require-
ments Definition,” “Define stakeholder needs,” “Develop the 
operational concept and other life cycle concepts,” “Transform 
stakeholder needs into stakeholder requirements” and “Manage 
the stakeholder needs and requirement definition stakeholder 
requirements.” The activities of “Define stakeholder needs” 
respectively correspond to the “Plan scope management” & 
“Collect requirements” and “Define scope” & “Create WBS” 
of “Scope plan process” in the PMBoK. One natural solution 
could be to suppress the duplicated activities from ISO/IEC 
15288 to avoid overlaps (see Exhibit 16), but only after detailed 
comparisons of the details of the activities.

Sometimes, standards use the same words, but in reality 
focus on different things. The PMBoK’s system of interest is 
a project whereas ISO/IEC 15288’s system of interest is 
a product or a service. This may happen in each knowledge 
area and in each process. For example, “risk management 
process” in ISO/IEC 15288 deals with a product or service, 
whereas “project risk management” in the PMBoK deals with 
a project as an activity. Nevertheless, “approaches,” “processes,” 
and “steps” in ISO/IEC 15288 and PMBoK still have the same 
meanings. For example, every tasks and activities of the process 
“risk management process” in ISO/IEC 15288 matches almost 
every process of the knowledge area “project risk management” 
as shown in Exhibit 17.

Exhibit 12. Alignment of the PMBoK and ISO/IEC 15288 (Xue et al., 2015) 
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Step 4: Structure the processes. After the elimination of the 
overlaps of both standards, a new set of integrated Systems 
Engineering and Project Management processes is now available. 
In step 4, the goal is to structure these processes according to the 
different phases of a project. In this case study, the focus is on the 

development stage of a project; “Planning,” “Executing,” and 
“Controlling.” The 23 corresponding organizational processes 
out of the 30 from the “Planning process group,” “Executing 
process group” and “Monitoring and controlling process group” 
in PMBoK, as well as 12 technical processes from the “Technical 

Exhibit 14. The Best Level for the Alignment of Processes from ISO/IEC 15288 and PMBoK 

Exhibit 13. Regrouping Processes from the PMBoK 
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processes group” (items underlined in Exhibit 18) in ISO/IEC 
15288 are selected. The proposal is now to structure the 
processes into three process groups: “Planning Process group,” 
“Executing Process group” and “Controlling Process group.” The 
result of the combination is shown in Exhibit 18.

Based on the given context, 35 integrated processes are 
selected from PM and SE references (see Exhibit 18). It should 
be noted that lifecycles in SE and PM are different. The SE 

references are less process oriented than PM references. So, in 
these 35 integrated processes, 23 organizational processes are 
selected from PMBoK while 12 technical processes are selected 
from ISO/IEC 15288. Another reason is that ISO/IEC 15288 
offers some systems engineering management processes that 
totally meet or are partially included in some processes from 
PMBoK. So, the number of processes from SE is less than from 
PM in this case study.

Exhibit 15. The Integrated Processes of PMBoK

Initiating Process 

Group

Planning Process 

Group

Executing Process 

Group

Monitoring and Controlling 

Process Group

Closing Process 

Group

Project integration 

management

Integration 

initiating process

Integration planning 

process

Integration executing 

process

Integration monitoring and 

controlling process

Integration 

closing process

Project scope 

management

Scope planning 

process

Scope monitoring and controlling 

process

Project schedule 

management

Schedule planning 

process

Schedule monitoring and 

controlling process

Project cost 

management

Cost planning process Cost monitoring and controlling 

process

Project quality 

management

Quality planning 

process

Quality executing 

process

Quality monitoring and 

controlling process

Project resource 

management

Resource planning 

process

Resource executing 

process

Resource monitoring and 

controlling process

Project communications 

management

Communications 

planning process

Communications 

executing process

Communications monitoring and 

controlling process

Project risk management Risk planning process Risk executing process Risk monitoring and controlling 

process

Project procurement 

management

Procurement planning 

process

Procurement 

executing process

Procurement monitoring and 

controlling process

Project stakeholder 

management

Stakeholder 

initiating process

Stakeholder planning 

process

Stakeholder executing 

process

Stakeholder monitoring and 

controlling process

Exhibit 16. An Example of Resolving the Overlaps 
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Discussion
This paper presents a framework aiming to provide guidance for 
the integration of the systems engineering and project manage-
ment practices. The approach is shown in Exhibit 2 and illustrated 
with the integration of processes from international standards. It 
defines a clear succession of steps to align pairs of processes 
considering the different structures in standards and analyzing 
the overlaps resulting from the alignment of processes. It is 
experimented on a real-world case study that allowed validating 
the approach and drawing lessons from the results.

The case study shows the choice of criteria and the weight 
associated to each criterion. It also shows how to integrate the 
processes from systems engineering and project management 
standards in a given context. In this case study, most commonly 
used international standards were analyzed (ANSI/EIA 632, IEEE 
1220, ISO/IEC 15288, INCOSE Systems Engineering Handbook, 
SEBoK, PMBoK, and ISO 21500). When turning to aligning in- 
house developed procedures with international standards, for 
instance, the exercise can lead to identifying which international 
standard is closest to the in-house developed procedures.

The current study aimed at proposing such methods to 
align the general practices as described for systems engineering 

and project management, easy to be understood and applied 
industry organizations. This framework being generic in its set- 
up, the range of applications is much larger. On the one hand, 
staying on the same domain, companies having an existing set 
of (in-house) processes and looking for having them evolve 
toward a better integration can use this methodology to analyze 
and compare their processes with other standards and guides. 
On the other hand, looking at larger domains than project 
management and systems engineering, the methodology allows 
for analyzing any procedure, norm, standard, or guide with 
another, and for making these procedures evolve.

In the current study, the integration of systems engineering 
and project management is done largely manually, as can be 
seen in the case study. This means that the alignment results 
may be different with potential different viewpoints of different 
experts and stakeholders. Thorough aligning of the viewpoints 
for an organization is therefore essential, so to allow the appro-
priate selection of the concerned references.

With the development of artificial intelligence text mining 
technologies, tools could be developed following the presented 
framework, allowing in particular larger companies and projects 
to overcome the manpower required for the presented framework.

Implications to the Practice of Engineering Management
The presented framework aims at a better integration of sys-
tems engineering and project management methods. The impli-
cations to the practice of engineering management are 
numerous. First of all, a better integration of the methods, 
starting with a better understanding of both domains by those 
concerned, will allow for smoother projects. Secondly, the 
implementation of the proposed framework has as an impact 
that engineering project managers would be more acquainted 
with international standards of systems engineering and project 
management, and that they could align (if wished) to the latest 
international references. In addition, the framework allows 
making a comparison and an alignment of in-house procedures 
with the best “alignable” international references, so to replace 
or complement their own processes.

Exhibit 18. Relationship between ISO/IEC 15288 and PMBoK

Planning (Pl) Executing (Ex) Controlling (Co)

● Develop project management 
plan

● Scope planning process
● Schedule planning process
● Cost planning process
● Quality planning process
● Resource planning process
● Communication planning 

process
● Risk planning process
● Procurement planning process
● Stakeholder planning process

● Quality executing process
● Resource executing process
● Communication executing process
● Business or Mission Analysis Process
● Stakeholder Needs & Requirements Definition 

Process
● System Requirements Analysis Process
● Architectural Design Process
● Design Definition Process
● Systems Analysis Process
● Implementation Process
● Integration Process
● Verification Process
● Transition Process
● Validation Process
● Operation Process

● Integration monitoring and controlling 
process

● Scope monitoring and controlling process
● Schedule monitoring and controlling process
● Cost monitoring and controlling process
● Quality monitoring and controlling process
● Resource monitoring and controlling process
● Communication monitoring and controlling 

process
● Risk monitoring and controlling process
● Procurement monitoring and controlling 

process
● Stakeholder monitoring and controlling 

process

Exhibit 17. Focus on Different Systems in ISO/IEC 15288 and 

PMBoK

Risk Management Process (ISO/IEC 

15288)

Project Risk Management 

(PMBoK)

Tasks and Activities:

● Plan risk management
● Manage the risk profile
● Analyze risks
● Treat risks
● Monitor risks
● Evaluate the risk management 

process

5 processes:

● Plan risk management
● Identify risks
● Perform qualitative risk 

analysis
● Perform quantitative risk 

analysis
● Plan risk responses
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Conclusions and Perspectives
In the current context of general competition imposed by the 
liberalization of trade, manufacturers must reduce time and 
costs, and increase the quality of products, to meet the con-
sumer expectations. The competitiveness of a company is there-
fore based on its ability to lead projects. Whereas project 
management and systems engineering are both contributing 
to the success of (technical) developments, the concerned stan-
dards are not unambiguous and as such do not contribute to 
bring more technical and more organizationally oriented teams 
closer together. Therefore, it is necessary for firms not only to 
correctly implement SE and PM processes but overall to inte-
grate practices from both domains and make them collaborate 
to break down the cultural barrier that separates communities 
of practitioners.

To achieve this goal, this paper describes an overall frame-
work, comprising two phases, to come to more homogenized 
development processes so to overcome existing cultural gaps 
between systems engineers and project managers. We explored 
an option to reduce the gap between systems engineers and 
project managers, relying on the alignment of processes from 
SE and PM domains. The implementation of our proposal has 
been shown on the case study. Such approaches can be thought 
of for complex development projects, for example, but also 
within the framework of mergers and acquisitions, where an 
alignment of development processes usually takes place.

In the presented case study, the five most important sys-
tems engineering standards and guides (ANSI/EIA 632, ISO/ 
IEC 15288, IEEE 1220, INCOSE Systems Engineering Hand-
book and SEBoK) and two project management references 
(PMBoK and ISO 21500) were analyzed to evaluate whether 
and how the standards and norms could be aligned. The align-
ment of some processes from ISO/IEC 15288 and PMBoK was 
illustrated within a given context. Following a clear set of steps; 
it proceeds by analyzing the different structures of standards 
and overlaps resulting from regrouping processes. The range of 
applications goes beyond the peculiar case of aligning SE and 
PM processes and can be referred to in other different contexts.

It should be noted that evaluations are based on the actual 
context and history of the company. This framework proposed 
in this paper is generic. Depending on the situation for a given 
project and company, other criteria may be defined; they may 
depend on the nature of the project and the company’s busi-
ness. Marks given to the indicators are based on the experts’ 
experience. Evaluation of standards with respect to a given 
criterion thus is mostly qualitative.

In addition, our proposal, involving mainly human opera-
tions, can induce a rather important workload. The use of tools 
at the different steps, to perform calculations, is recommended.

To go further in improving collaborative work in engineering 
projects, beyond aligning standards, which is a good way of 
coordinating systems engineers and project managers, as pointed 
out by Conforto et al. (2013), other options can be thought of, 
such as responsibilities and decisions sharing, or enhanced infor-
mation sharing. What is required is a different mind-set, making 
systems engineers and program managers collaborate within 
a “shared space,” where they can drive the project team’s perfor-
mance and success toward achieving a cooperative mission: hav-
ing a satisfied customer. This new mind-set recognizes that two 
separate views on the same problem does not help and that on the 
contrary each discipline would benefit from having a better focus 

on the processes of the other practitioner’s disciplines. In this way, 
program managers and systems engineers will develop a common 
appreciation of the dual roles that each group must play and will 
understand that they are like two interlocking pieces of a jigsaw 
puzzle. Only when they are synergistically brought together can 
the larger picture emerge, and the puzzle can be solved. The whole 
can become greater.

References
Adcock, R., Hutchison, N., & Nielsen, C. (2016, April). Defin-

ing an architecture for the systems engineering body of 
knowledge. In 2016 Annual IEEE Systems Conference (Sys-
Con) (pp. 1–7). IEEE.

Ahmed, R., & Anantatmula, V. S. (2017). Empirical study of 
project managers leadership competence and project 
performance. Engineering Management Journal, 29(3), 
189–205. https://doi.org/10.1080/10429247.2017.1343005

Andres, H. P., & Zmud, R. W. (2002). A contingency approach 
to software project coordination. Journal of Management 
Information Systems, 18(3), 41–70. https://doi.org/10.1080/ 
07421222.2002.11045695

ANSI/EIA. (1998). ANSI/EIA standard for processes for engi-
neering a system, ANSI/EIA STD 632. American National 
Standards Institute (ANSI)/Electronic Industries Associa-
tion (EIA).

Arnold, E. P. (2012, July). 9.1.1 Systems engineering and project 
management intersects and confusion. INCOSE Interna-
tional Symposium, 22(1), 1207–1232. https://doi.org/ 
10.1002/j.2334-5837.2012.tb01398.x

Aversano, L., Grasso, C., & Tortorella, M. (2016). Managing the 
alignment between business processes and software 
systems. Information and Software Technology, 72, 
171–188. https://doi.org/10.1016/j.infsof.2015.12.009

Aziz, R. F., & Hafez, S. M. (2013). Applying lean thinking in 
construction and performance improvement. Alexandria 
Engineering Journal, 52(4), 679–695. https://doi.org/ 
10.1016/j.aej.2013.04.008

Barafort, B., Di Renzo, B., & Merlan, O. (2002, December). 
Benefits resulting from the combined use of ISO/IEC 
15504 with the Information Technology Infrastructure 
Library (ITIL). International Conference on Product 
Focused Software Process Improvement (pp. 314–325). 
Springer.

BKCASE Editorial Board.(2019). The guide to the Systems Engi-
neering Body of Knowledge (SEBoK). Vol. 1.9.1. R.J. Clou-
tier (Editor in Chief). The Trustees of the Stevens Institute 
of Technology. [Online] www.sebokwiki.org

Blackwell, A. F., Wilson, L., Boulton, C., & Knell, J. (2009). 
Radical innovation: Crossing knowledge boundaries with 
interdisciplinary teams (No. UCAM-CL-TR-760). Univer-
sity of Cambridge, Computer Laboratory.

Brammer, S., & Millington, A. (2004). Stakeholder pressure, 
organizational size, and the allocation of departmental 
responsibility for the management of corporate charitable 
giving. Business & Society, 43(3), 268–295. https://doi.org/ 
10.1177/0007650304267536

Brunsson, N., Rasche, A., & Seidl, D. (2012). The dynamics of 
standardization: Three perspectives on standards in orga-
nization studies. Organization Studies, 33(5–6), 613–632. 
https://doi.org/10.1177/0170840612450120

Engineering Management Journal Vol. 00 No. 00 2021                                                                                             15

https://doi.org/10.1080/10429247.2017.1343005
https://doi.org/10.1080/07421222.2002.11045695
https://doi.org/10.1080/07421222.2002.11045695
https://doi.org/10.1002/j.2334-5837.2012.tb01398.x
https://doi.org/10.1002/j.2334-5837.2012.tb01398.x
https://doi.org/10.1016/j.infsof.2015.12.009
https://doi.org/10.1016/j.aej.2013.04.008
https://doi.org/10.1016/j.aej.2013.04.008
http://www.sebokwiki.org
https://doi.org/10.1177/0007650304267536
https://doi.org/10.1177/0007650304267536
https://doi.org/10.1177/0170840612450120


Chaudhuri, A., & Boer, H. (2016). The impact of 
product-process complexity and new product development 
order winners on new product development performance: 
The mediating role of collaborative competence. Journal of 
Engineering and Technology Management, 42, 65–80. 
https://doi.org/10.1016/j.jengtecman.2016.10.002

Chesbrough, H. (2010). Business model innovation: Opportu-
nities and barriers. Long Range Planning, 43(2–3), 354–363. 
https://doi.org/10.1016/j.lrp.2009.07.010

Chin, W. W. (1998). The partial least squares approach to 
structural equation modeling. Modern Methods for Business 
Research, 295(2), 295–336. https://www.taylorfrancis.com/ 
books/modern-methods-business-research-george-mar-
coulides/10.4324/9781410604385

Cohen, I., Iluz, M., & Shtub, A. (2014). A simulation-based 
approach in support of project management training for 
systems engineers. Systems Engineering, 17(1), 26–36. 
https://doi.org/10.1002/sys.21248

Componation, P. J., Youngblood, A. D., Utley, D. R., & 
Farrington, P. A. (2008). A preliminary assessment of the 
relationships between project success, system engineering, 
and team organization. Engineering Management Journal, 20 
(4), 40–46. https://doi.org/10.1080/10429247.2008.11431787

Conforto, E., Rossi, M., Rebentisch, E., Oehmen, J., & 
Pacenza, M. (2013). Survey report: Improving integration 
of program management and systems engineering. MIT 
Consortium for Engineering Program Excellence.

Cook, S. C., & Ferris, T. L. (2007). Re-evaluating systems 
engineering as a framework for tackling systems issues. 
Systems Research and Behavioral Science: The Official Jour-
nal of the International Federation for Systems Research, 24 
(2), 169–181. https://doi.org/10.1002/sres.822

Dasher, G. T. (2003). The interface between systems engineer-
ing and program management. Engineering Management 
Journal, 15(3), 11–14. https://doi.org/10.1080/10429247. 
2003.11415210

Davis, K. (2017). An empirical investigation into different sta-
keholder groups perception of project success. Interna-
tional Journal of Project Management, 35(4), 604–617. 
https://doi.org/10.1016/j.ijproman.2017.02.004

De Graaf, R. S., & Loonen, M. L. (2018). Exploring team 
effectiveness in systems engineering construction projects: 
Explanations why some SE teams are more effective than 
others. Systems Research and Behavioral Science, 35(6), 
687–702. https://doi.org/10.1002/sres.2512

Delisle, J. (2019). Uncovering temporal underpinnings of pro-
ject management standards. International Journal of Project 
Management, 37(8), 968–978. https://doi.org/10.1016/j. 
ijproman.2019.09.005

Engelbrecht, J., Johnston, K. A., & Hooper, V. (2017). The influ-
ence of business managers‘ IT competence on IT project 
success. International Journal of Project Management, 35(6), 
994–1005. https://doi.org/10.1016/j.ijproman.2017.04.016

Faraj, S., & Sproull, L. (2000). Coordinating expertise in soft-
ware development teams. Management Science, 46(12), 
1554–1568. https://doi.org/10.1287/mnsc.46.12.1554.12072

Ferguson, R. W. (2007, November). Systems engineering com-
plexity & project management [Paper Presentation]. In 
CMMI Technology Conference & User Group, Denver, CO.

Fiorèse, S., & Meinadier, J. P. (2012). Découvrir et comprendre 
l’ingénierie système. CEPADUES Editions.

Forsten-Astikainen, R., Hurmelinna-Laukkanen, P., Lämsä, T., 
Heilmann, P., & Hyrkäs, E. (2017). Dealing with organiza-
tional silos with communities of practice and human 
resource management. Journal of Workplace Learning, 29 
(6), 473–489. https://doi.org/10.1108/JWL-04-2015-0028

Goh, S. C. (2002). Managing effective knowledge transfer: An 
integrative framework and some practice implications. 
Journal of Knowledge Management, 6(1), 23–30. https:// 
doi.org/10.1108/13673270210417664

Griffin, A. (2002). Product development cycle time for business-to- 
business products. Industrial Marketing Management, 31(4), 
291–304. https://doi.org/10.1016/S0019-8501(01)00162-6

Gupta, S. K., Gunasekaran, A., Antony, J., Gupta, S., Bag, S., & 
Roubaud, D. (2019). Systematic literature review of project 
failures: Current trends and scope for future research. 
Computers & Industrial Engineering, 127, 274–285. 
https://doi.org/10.1016/j.cie.2018.12.002

Hadad, Y., Keren, B., & Laslo, Z. (2013). A decision-making 
support system module for project manager selection 
according to past performance. International Journal of 
Project Management, 31(4), 532–541. https://doi.org/ 
10.1016/j.ijproman.2012.10.004

Hardman, N., & Colombi, J. (2012). An empirical methodology for 
human integration in the SE technical processes. Systems Engi-
neering, 15(2), 172–190. https://doi.org/10.1002/sys.20201

Hart, S. L. (1995). A natural-resource-based view of the firm. 
Academy of Management Review, 20(4), 986–1014. https:// 
doi.org/10.5465/amr.1995.9512280033

Hernandez-Vivanco, A., Cruz-Cázares, C., & Bernardo, M. (2018). 
Openness and management systems integration: Pursuing 
innovation benefits. Journal of Engineering and Technology 
Management, 49, 76–90. https://doi.org/10.1016/j. 
jengtecman.2018.07.001

Ho, J.-Y., & O’Sullivan, E. (2018). Standardisation framework to 
enable complex technological innovations: The case of photo-
voltaic technology. Journal of Engineering and Technology 
Management, 50, 2–23. https://doi.org/10.1016/j. 
jengtecman.2018.07.003

Hsiao, C.-T. (2014). Industrial development research by sys-
tems approach in NICs: The case in Taiwan. Systems 
Research and Behavioral Science, 31(2), 258–267. https:// 
doi.org/10.1002/sres.2192

Hussain, Z., Barber, K., & Hussain, N. (2009). An Intranet based 
system as an enabler in effective project management and 
implementation of quality standards: A case study. Journal 
of Engineering and Technology Management, 26(3), 196–210. 
https://doi.org/10.1016/j.jengtecman.2009.06.003

IEEE. (2005). IEEE standard for application and management of 
the systems engineering process.

INCOSE. (2015). INCOSE systems engineering handbook:A 
guide for system life cycle processes and activities. Wiley

INCOSE-UK. (2009). Why do systems engineering? Manage 
complexity, reduce your risk. INCOSE-UK.

ISO. (2012). ISO 21500 guidance on project management. ISO.
ISO/IEC. (2011). Software engineering - Lifecycle profiles for 

Very Small Entities (VSEs). ISO/IEC.
ISO/IEC. (2015). ISO/IEC/IEEE systems and software engineer-

ing - System life cycle processes. IEEE STD.
Johnson, M., & Gustafsson, A. (2006). Improving customer 

satisfaction, loyalty and profit: An integrated measurement 
and management system. John Wiley & Sons.

16                                                                                                       Engineering Management Journal Vol. 00 No. 00 2021

https://doi.org/10.1016/j.jengtecman.2016.10.002
https://doi.org/10.1016/j.lrp.2009.07.010
https://www.taylorfrancis.com/books/modern-methods-business-research-george-marcoulides/10.4324/9781410604385
https://www.taylorfrancis.com/books/modern-methods-business-research-george-marcoulides/10.4324/9781410604385
https://www.taylorfrancis.com/books/modern-methods-business-research-george-marcoulides/10.4324/9781410604385
https://doi.org/10.1002/sys.21248
https://doi.org/10.1080/10429247.2008.11431787
https://doi.org/10.1002/sres.822
https://doi.org/10.1080/10429247.2003.11415210
https://doi.org/10.1080/10429247.2003.11415210
https://doi.org/10.1016/j.ijproman.2017.02.004
https://doi.org/10.1002/sres.2512
https://doi.org/10.1016/j.ijproman.2019.09.005
https://doi.org/10.1016/j.ijproman.2019.09.005
https://doi.org/10.1016/j.ijproman.2017.04.016
https://doi.org/10.1287/mnsc.46.12.1554.12072
https://doi.org/10.1108/JWL-04-2015-0028
https://doi.org/10.1108/13673270210417664
https://doi.org/10.1108/13673270210417664
https://doi.org/10.1016/S0019-8501(01)00162-6
https://doi.org/10.1016/j.cie.2018.12.002
https://doi.org/10.1016/j.ijproman.2012.10.004
https://doi.org/10.1016/j.ijproman.2012.10.004
https://doi.org/10.1002/sys.20201
https://doi.org/10.5465/amr.1995.9512280033
https://doi.org/10.5465/amr.1995.9512280033
https://doi.org/10.1016/j.jengtecman.2018.07.001
https://doi.org/10.1016/j.jengtecman.2018.07.001
https://doi.org/10.1016/j.jengtecman.2018.07.003
https://doi.org/10.1016/j.jengtecman.2018.07.003
https://doi.org/10.1002/sres.2192
https://doi.org/10.1002/sres.2192
https://doi.org/10.1016/j.jengtecman.2009.06.003


Karlsen, J. T. (2002). Project stakeholder management. Engi-
neering Management Journal, 14(4), 19–24. https://doi.org/ 
10.1080/10429247.2002.11415180

Kevan, H. (2016). Matrix management – Breaking the silos. 
[Online] http://www.global-integration.com/blog/matrix- 
management-breaking-the-silos-2/

Kossiakoff, A., Sweet, W. N., Seymour, S. J., & Biemer, S. M. 
(2011). Systems engineering principles and practice. Wiley.

Langley, M., Robitaille, S., & Thomas, J. (2011). Toward a new 
mindset: Bridging the gap between program management 
and systems engineering. INSIGHT, 14(3), 4–8. https://doi. 
org/10.1002/inst.20111434

Laporte, C. Y., Renault, A., & Alexandre, S. (2008). The appli-
cation of international software engineering standards in 
very small enterprises. In Software process improvement for 
small and medium enterprises: Techniques and case studies 
(pp. 42–70). Information Science Reference, IGI Global.

Laporte, C. Y., Tremblay, N., Menaceur, J., Poliquin, D., & 
Houde, R. (2016, July). Developing and implementing sys-
tems engineering and project management processes at 
CSiT - A small Canadian company in public 
transportation. INCOSE International Symposium, 26(1), 
933–950. https://doi.org/10.1002/j.2334-5837.2016.00203.x

Leach, L. P. (2014). Critical chain project management. Artech 
House.

Linstone, H. A., & Turoff, M. (Eds.). (1975). The delphi method. 
Addison-Wesley.

Liu, W., & Atuahene-Gima, K. (2018). Enhancing product 
innovation performance in a dysfunctional competitive 
environment: The roles of competitive strategies and 
market-based assets. Industrial Marketing Management, 
73, 7–20. https://doi.org/10.1016/j.indmarman.2018.01.006

Locatelli, G., Mancini, M., & Romano, E. (2014). Systems engi-
neering to improve the governance in complex project 
environments. International Journal of Project Manage-
ment, 32(8), 1395–1410. https://doi.org/10.1016/j.ijproman. 
2013.10.007

Mardani, A., Jusoh, A., Nor, K., Khalifah, Z., Zakwan, N., & 
Valipour, A. (2015). Multiple criteria decision-making techni-
ques and their applications – A review of the literature from 
2000 to 2014. Economic Research-Ekonomska Istraživanja, 28 
(1), 516–571. https://doi.org/10.1080/1331677X.2015.1075139

Maylor, H., & Turner, N. (2017). Understand, reduce, respond: 
Project complexity management theory and practice. Interna-
tional Journal of Operations & Production Management, 37(8), 
1076–7093. https://doi.org/10.1108/IJOPM-05-2016-0263

McKinsey Global Institute. (2013). Disruptive technologies: 
Advances that will transform life, business, and the global econ-
omy. McKinsey Global Institute. https://www.mckinsey.com/ 
~/media/McKinsey/Business%20Functions/McKinsey% 
20Digital/Our%20Insights/Disruptive%20technologies/MGI_-
Disruptive_technologies_Full_report_May2013.pdf

Mendling, J., Baesens, B., Bernstein, A., & Fellmann, M. (2017). 
Challenges of smart business process management: An 
introduction to the special issue. Decision Support Systems, 
100, 1–5. https://doi.org/10.1016/j.dss.2017.06.009

Mendoza, G. A., & Prabhu, R. (2000). Multiple criteria decision 
making approaches to assessing forest sustainability using 
criteria and indicators: A case study. Forest Ecology and 
Management, 131(1–3), 107–126. https://doi.org/10.1016/ 
S0378-1127(99)00204-2

Meredith, J. R., Mantel Jr, S. J., & Shafer, S. M. (2017). Project 
management: A managerial approach. John Wiley & Sons.

Meyer, M. H., & Utterback, J. M. (1995). Product development 
cycle time and commercial success. IEEE Transactions on 
Engineering Management, 42(4), 297–304. https://doi.org/ 
10.1109/17.482080

Mir, M., Casadesús, M., & Petnji, L. H. (2016). The impact of 
standardized innovation management systems on innova-
tion capability and business performance: An empirical 
study. Journal of Engineering and Technology Management, 
41, 26–44. https://doi.org/10.1016/j.jengtecman.2016. 
06.002

Mon, D.-L., Cheng, C.-H., & Lin, J.-C. (1994). Evaluating 
weapon system using fuzzy analytic hierarchy process 
based on entropy weight. Fuzzy Sets and Systems, 62(2), 
127–134. https://doi.org/10.1016/0165-0114(94)90052–3

Morris, M., Schindehutte, M., & Allen, J. (2005). The entrepre-
neur’s business model: Toward a unified perspective. Jour-
nal of Business Research, 58(6), 726–735. https://doi.org/ 
10.1016/j.jbusres.2003.11.001

O’Connor, R. V., & Laporte, C. Y. (2012, June). Software 
project management in very small entities with ISO/IEC 
29110. In European Conference on Software Process 
Improvement (pp. 330–341). Springer.

Oehmen, J., Oppenheim, B. W., Secor, D., Norman, E., 
Rebentisch, E., Sopko, J. A., Dove, R., Moghaddam, K., 
McNeal, S., Bowie, M., Ben-Daya, M., Altman, W., & 
Driessnack, J. (2012). The guide to lean enablers for mana-
ging engineering programs. Joint MIT-PMI-INCOSE Com-
munity of Practice on Lean in Program Management.

Patanakul, P. (2014). Managing large-scale IS/IT projects in the 
public sector: Problems and causes leading to poor 
performance. The Journal of High Technology Management 
Research, 25(1), 21–35. https://doi.org/10.1016/j.hitech.2013. 
12.004

Pedersen, E. R. G., Gwozdz, W., & Hvass, K. K. (2018). Explor-
ing the relationship between business model innovation, 
corporate sustainability, and organisational values within 
the fashion industry. Journal of Business Ethics, 149(2), 
267–284. https://doi.org/10.1007/s10551-016-3044-7

Philbin, S. P. (2008). Managing complex technology projects. 
Research-Technology Management, 51(2), 32–39. https:// 
doi.org/10.1080/08956308.2008.11657493

PMI. (2017). A guide to the project management body of knowl-
edge: PMBoK guide. PMI.

PMI & INCOSE. (2016). Align to help organizations improve pro-
gram success. Project Management Institute [Online] http:// 
www.pmi.org/About-Us/Press-Releases/PMI-and-Incose- 
Align-To-Help-Organizations-Improve-Program-Success. 
aspx

Rajkumar, S. (2010). Art of communication in project manage-
ment [Paper presentation]. PMI® Research Conference: 
Defining the Future of Project Management, Washington, 
DC. Newtown Square, PA: Project Management Institute.

Rebentisch, E., & Prusak, L. (2017). Integrating program manage-
ment and systems engineering: Methods, tools, and organiza-
tional systems for improving performance. John Wiley & Sons.

Röglinger, M., Pöppelbuß, J., & Becker, J. (2012). Maturity 
models in business process management. Business Process 
Management Journal, 18(2), 328–346. https://doi.org/ 
10.1108/14637151211225225

Engineering Management Journal Vol. 00 No. 00 2021                                                                                             17

https://doi.org/10.1080/10429247.2002.11415180
https://doi.org/10.1080/10429247.2002.11415180
http://www.global-integration.com/blog/matrix-management-breaking-the-silos-2/
http://www.global-integration.com/blog/matrix-management-breaking-the-silos-2/
https://doi.org/10.1002/inst.20111434
https://doi.org/10.1002/inst.20111434
https://doi.org/10.1002/j.2334-5837.2016.00203.x
https://doi.org/10.1016/j.indmarman.2018.01.006
https://doi.org/10.1016/j.ijproman.2013.10.007
https://doi.org/10.1016/j.ijproman.2013.10.007
https://doi.org/10.1080/1331677X.2015.1075139
https://doi.org/10.1108/IJOPM-05-2016-0263
https://www.mckinsey.com/%7E/media/McKinsey/Business%20Functions/McKinsey%20Digital/Our%20Insights/Disruptive%20technologies/MGI_Disruptive_technologies_Full_report_May2013.pdf
https://www.mckinsey.com/%7E/media/McKinsey/Business%20Functions/McKinsey%20Digital/Our%20Insights/Disruptive%20technologies/MGI_Disruptive_technologies_Full_report_May2013.pdf
https://www.mckinsey.com/%7E/media/McKinsey/Business%20Functions/McKinsey%20Digital/Our%20Insights/Disruptive%20technologies/MGI_Disruptive_technologies_Full_report_May2013.pdf
https://www.mckinsey.com/%7E/media/McKinsey/Business%20Functions/McKinsey%20Digital/Our%20Insights/Disruptive%20technologies/MGI_Disruptive_technologies_Full_report_May2013.pdf
https://doi.org/10.1016/j.dss.2017.06.009
https://doi.org/10.1016/S0378-1127(99)00204-2
https://doi.org/10.1016/S0378-1127(99)00204-2
https://doi.org/10.1109/17.482080
https://doi.org/10.1109/17.482080
https://doi.org/10.1016/j.jengtecman.2016.06.002
https://doi.org/10.1016/j.jengtecman.2016.06.002
https://doi.org/10.1016/0165-0114(94)90052%20133
https://doi.org/10.1016/j.jbusres.2003.11.001
https://doi.org/10.1016/j.jbusres.2003.11.001
https://doi.org/10.1016/j.hitech.2013.12.004
https://doi.org/10.1016/j.hitech.2013.12.004
https://doi.org/10.1007/s10551-016-3044-7
https://doi.org/10.1080/08956308.2008.11657493
https://doi.org/10.1080/08956308.2008.11657493
http://www.pmi.org/About-Us/Press-Releases/PMI-and-Incose-Align-To-Help-Organizations-Improve-Program-Success.aspx
http://www.pmi.org/About-Us/Press-Releases/PMI-and-Incose-Align-To-Help-Organizations-Improve-Program-Success.aspx
http://www.pmi.org/About-Us/Press-Releases/PMI-and-Incose-Align-To-Help-Organizations-Improve-Program-Success.aspx
http://www.pmi.org/About-Us/Press-Releases/PMI-and-Incose-Align-To-Help-Organizations-Improve-Program-Success.aspx
https://doi.org/10.1108/14637151211225225
https://doi.org/10.1108/14637151211225225


Saaty, T. L. (2004). Decision making — The Analytic Hierarchy 
and Network Processes (AHP/ANP). Journal of Systems 
Science and Systems Engineering, 13(1), 1–35. https://doi. 
org/10.1007/s11518-006-0151-5

Sage, A. P., & Rouse, W. B. (2014). Handbook of systems 
engineering and management. John Wiley & Sons.

Serrat, O. (2017). Bridging organizational silos. In Knowledge 
solutions (pp. 711–716). Springer.

Sharon, A., De Weck, O. L., & Dori, D. (2011). Project management 
vs. systems engineering management: A practitioners‘ view on 
integrating the project and product domains. Systems Engi-
neering, 14(4), 427–440. https://doi.org/10.1002/sys.20187

Sheard, S. A., & Lake, J. G. (1998, July). Systems engineering 
standards and models compared. In Proceedings of the 
Eighth International Symposium on Systems Engineering, 
Vancouver, Canada (pp. 589–605).

Sols, A., & Salado, A. (2019). Integrating reliability in systems 
engineering management. Engineering Management Journal, 
31(3), 207–221. https://doi.org/10.1080/10429247.2019. 
1632664

Standish Group International, Inc. (2015). CHAOS Report 2015. 
Standish Group International, Inc. https://www.stan-
dishgroup.com/sample_research_files/CHAOSReport2015- 
Final.pdf

Tallon, P. P. (2007). A process-oriented perspective on the 
alignment of information technology and business 
strategy. Journal of Management Information Systems, 24 
(3), 227–268. https://doi.org/10.2753/MIS0742-1222240308

Tallon, P. P., & Kraemer, K. L. (2003). Investigating the rela-
tionship between strategic alignment and information 
technology business value: The discovery of a paradox. In 
Shin, N (Ed.), Creating business value with information 
technology: Challenges and solutions (pp. 1–22). IGI Global.

Tarí, J. J., Molina-Azorín, J. F., Pereira-Moliner, J., & López- 
Gamero, M. D. (2020). Internalization of quality management 
standards: A literature review. Engineering Management Jour-
nal, 32(1), 46–60.

Tarhan, A., Turetken, O., & Reijers, H. A. (2016). Business 
process maturity models: A systematic literature review. 
Information and Software Technology, 75, 122–134. 
https://doi.org/10.1016/j.infsof.2016.01.010

Turner, S., Mididaddi, V., & Hoehne, O. (2016, July). The value 
of systems engineering in project management: Case study: 
Developing a power control system ConOps. INCOSE 
International Symposium, 26(1), 1715–1730. https://doi. 
org/10.1002/j.2334-5837.2016.00256.x

Uzumeri, M. V. (1997). ISO 9000 and other metastandards: 
Principles for management practice? Academy of Manage-
ment Perspectives, 11(1), 21–36. https://doi.org/10.5465/ 
ame.1997.9707100657

Vallurupalli, V., & Bose, I. (2018). Business intelligence for perfor-
mance measurement: A case based analysis. Decision Support 
Systems, 111, 72–85. https://doi.org/10.1016/j.dss.2018.05.002

Vargas, D. A. D., Xue, R., Baron, C., Esteban, P., Vingerhoeds, R., 
Citlalih, Y., & Liu, C. (2018, June). Implementing SCRUM to 
develop a connected robot. 12th International Conference on 
Modelling, Optimization and Simulation. Toulouse, France.

Walden, D. D., Roedler, G. J., Forsberg, K., Hamelin, R. D., & 
Shortell, T. M. (2015). Systems engineering handbook: A guide 
for system life cycle processes and activities. John Wiley & Sons.

Xue, R. (2016). Improving cooperation between systems engi-
neers and project managers in engineering projects-towards 
the alignment of systems engineering and project manage-
ment standards and guides [Doctoral dissertation], INSA 
de Toulouse.

Xue, R., Baron, C., & Esteban, P. (2017). Optimising product 
development in industry by alignment of the ISO/IEC 
15288 systems engineering standard and the PMBoK 
guide. International Journal of Product Development, 22 
(1), 65–80. https://doi.org/10.1504/IJPD.2017.085278

Xue, R., Baron, C., Esteban, P., & Demmou, H. (2014, March). 
Managing systems engineering processes: A multi-standard 
approach. In 2014 IEEE International Systems Conference 
Proceedings (pp. 103–107). IEEE.

Xue, R., Baron, C., Esteban, P., Yang, J. B., & Zheng, L. (2020). 
Toward an improved monitoring of engineering projects. IEEE 
Transactions on Systems, Man, and Cybernetics: Systems, 50 
(10), 3541–3553.

Xue, R., Baron, C., Esteban, P., Zheng, L., & Jakjoud, A. (2015, 
November). Alignment of practices for an efficient man-
agement of systems engineering processes during the 
development of systems of systems. In 2015 Third 
World Conference on Complex Systems (WCCS) (pp. 1–6). 
IEEE.

Zeierman, S., & Ben-Asher, J. Z. (2016, July). The project 
manager, systems engineer and the conflict over project 
resources. INCOSE International Symposium, 26(1), 58–73. 
https://doi.org/10.1002/j.2334-5837.2016.00145.x

Zheng, L., Baron, C., Esteban, P., Xue, R., & Zhang, Q. (2017). 
Considering the systems engineering leading indicators to 
improve project performance measurement. IFAC- 
PapersOnLine, 50(1), 13970–13975. https://doi.org/ 
10.1016/j.ifacol.2017.08.2416

About the Authors
Rui Xue, PhD, is an Assistant Professor at the School of Economics 
and Management of Beijing University of Technology. She received 
her PhD degree in industrial engineering in 2016 from the National 
Institute of Applied Sciences (INSA) of the University of Toulouse 
(France). She received her M.E degree in computer software and 
theory in the year 2012 from Jilin University. Her research interests 
are system engineering, project management, system modeling, and 
decision making. 

Claude Baron, PhD, is a Full Professor in Computer 
Sciences at INSA, Université de Toulouse, France. She conducts 
research in systems and software engineering at the LAAS- 
CNRS laboratory where she leads the Systems Engineering 
and Integration team. She is interested in modeling, optimizing 
and smoothing product development processes. Her research 
work is based on a multidisciplinary and collaborative vision of 
the design of complex systems. She addresses system modeling 
and process monitoring, considering embedded and critical 
systems and applications in avionics and automotive. 

Rob Vingerhoeds, PhD, is a Full Professor of Systems 
Engineering and Head of the Department of Complex Systems 
Engineering at ISAE-SUPAERO, Université de Toulouse, 
France. Rob’s research interests include systems engineering 
and architecture, model-based systems engineering, concept 
design, the integration of project management and systems 
engineering, and artificial intelligence techniques. Systems 

18                                                                                                       Engineering Management Journal Vol. 00 No. 00 2021

https://doi.org/10.1007/s11518-006-0151-5
https://doi.org/10.1007/s11518-006-0151-5
https://doi.org/10.1002/sys.20187
https://doi.org/10.1080/10429247.2019.1632664
https://doi.org/10.1080/10429247.2019.1632664
https://www.standishgroup.com/sample_research_files/CHAOSReport2015-Final.pdf
https://www.standishgroup.com/sample_research_files/CHAOSReport2015-Final.pdf
https://www.standishgroup.com/sample_research_files/CHAOSReport2015-Final.pdf
https://doi.org/10.2753/MIS0742-1222240308
https://doi.org/10.1016/j.infsof.2016.01.010
https://doi.org/10.1002/j.2334-5837.2016.00256.x
https://doi.org/10.1002/j.2334-5837.2016.00256.x
https://doi.org/10.5465/ame.1997.9707100657
https://doi.org/10.5465/ame.1997.9707100657
https://doi.org/10.1016/j.dss.2018.05.002
https://doi.org/10.1504/IJPD.2017.085278
https://doi.org/10.1002/j.2334-5837.2016.00145.x
https://doi.org/10.1016/j.ifacol.2017.08.2416
https://doi.org/10.1016/j.ifacol.2017.08.2416


engineering became over time a key topic in his career. Rob is 
Deputy Editor of the International Scientific Journal “Systems 
Engineering.” 

Philippe Esteban, PhD, is an Associate Professor at the 
University of Toulouse. He conducts his research on system 
engineering at the LAAS Laboratory of the CNRS (French 

National Centre for Sciences and Research). He is an expert 
in the domain of the design and verification of complex and 
hybrids systems. His predilection domain of application is 
embedded systems. 

Contact: Rui Xue, 100 PingLeYuan, Chaoyang District, 
Beijing, 100124, China; sherrysven@hotmail.com

Engineering Management Journal Vol. 00 No. 00 2021                                                                                             19




