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The number of projects undertaken by companies nowadays is significant. Therefore, there is a need to establish processes
in the company supporting and increasing project management efficacy. In order to achieve this, the companies need to
know how good they are at organizational project management, taking into consideration different perspectives. Knowing
their strengths and weaknesses, they are able to improve their activities in challenging areas. In view of the critical
literature review and interviews with chosen companies, the article proposes a conceptual model for assessing project
management maturity in industrial companies. The model is based on four assessment areas. Three of them (human
resources, methods & tools, and environment) represent the traditional approach to maturity measurement, whilst the
fourth, knowledge management, represents a new approach to the topic. The model was tested in over 100 companies in the
machinery industry to verify its practical application and establish valid results of implementation, which have not been
previously explored.
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1. INTRODUCTION

The need for models that could be implemented in industry is recognized by authors of publications in different areas of
expertise (Bernardo, Angel, & Eloisa, 2011; Jasemi, Kimiagari, & Memariani, 2011; Kamrani, Adat, & Azimi, 2011;
Metikurke & Shekar, 2011). The importance of new product development from a different perspective was recognized, for
example, by Adams-Bigelow et al. (2006) and measured by Metikurke & Shekar (2011) and Kahn, Barczak, & Moss
(2006). New product development is a laborious endeavour that must be managed properly. Therefore, industrial
companies are interested in having an efficient tool to measure how good they are when it comes to project management.
That assessment must be done in different areas, including the set of best practices as the reference.

Moreover, Kwak (2000) noticed that there is an influence on the company’s project management maturity level and
the key performance indicators of projects. Furthermore, Spalek (2014a, 2014b), based on his studies in the industrial
companies, shows that increasing the maturity level potentially reduces the costs and time of ongoing and new projects.

In fact, industrial companies are managing an increasing number of projects every year (Aubry et al., 2010). Besides
the typical operational representatives in the project-oriented environment like the IT and construction sectors, companies
in other industries have increasingly embraced newer project management methods (Cho & Moon, 2006; Grant &
Pennypacker, 2006; Liu, Ma, & Li, 2004; McBride, Henderson-Sellers, & Zowghi, 2004; C. T. Wang, Wang, Chu, & Chao,
2001). A good example is the machinery sector, which is very focused on the efficient development of new products that
are then used by other industries. The products of machinery industry are divided into those of general purpose, heavy-
industry machines and their elements and components, totalling more than 200 products (ISIC, 2008). Therefore,
companies in the machinery industry are a kind of backbone of the entire economy and are located all over the world.
However, the most significant production comes from the EU (European Union), ASEAN+6 (Japan, Korea, Singapore,
Indonesia, Malaysia, Philippines, Thailand, China (including Hong Kong), Brunei, Cambodia, Laos, Burma, Vietnam,
India, Australia, New Zealand) and NAFTA & UNASUR (Canada, Mexico, USA, Argentina, Bolivia, Brasilia, Chile,
Columbia, Ecuador, Guyana, Paraguay, Peru, Surinam, Uruguay, Venezuela) areas (Kimura & Obashi, 2010). The main
customers of products of the machinery industry are companies from the following industries: construction, agriculture,
mining, steelworks, food and textiles.
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As companies have undertaken increasingly complex and more time-/cost-sensitive projects, it has become crucial to
measure how they perform in project management and to identify the areas for further improvement (Hillson, 2003). Of
special importance are the ability to conduct assessments and to identify the path for further development, which seem to be
essential in today’s turbulent times (Caprioara & Paraschivescu, 2009; Shi & Jia, 2009).

One of the first widely recognized methods (Watts, 1989) for evaluating project management performance was the
Capability Maturity Model (CMM) proposed by the Software Engineering Institute (SEI), designed for software
development purposes only (Paulk et al. 1993). Then, its successor was the Capability Maturity Model Integration (CMMI)
model, which was proposed by the same organization at the beginning of the present century (Scampi, 2006, Twaites,
Collofello, & Zenzen, 2004).

As the “maturity” idea started to become more widely recognized, other organizations and individuals (Becker,
Knackstedt, & Poppelbuss, 2009; Buch, Edwards, & Eriksson, 2009; Crawford, 2006; Grant & Pennypacker, 2006; Ha &
Lv, 2006; Khoshgoftar & Osman, 2009; McBride et al., 2004; F. L. Wang, 2005) proposed their maturity assessment
models. However, they were and still are mostly focused on IT (Becker et al., 2009) and organizational processes in the
company (Hillson, 2003).

With the application of project management in the multitude of industries, the need to assess their maturity seems to
be crucial in accordance with the requirement of improvement of their efficacy in new product development (Metikurke &
Shekar, 2011; Mortensen, Harlou, & Haug, 2008) and associated aspects of project management in manufacturing
(Allenbach & Huffman, 2000; Cho, Moon, 2006, Wang & Liang, 2006).

Therefore, there is a need to propose a conceptual model that could be used for assessing project management
maturity in the industrial environment.

2. DEVELOPMENT OF THE MATURITY ASSESSMENT FRAMEWORK

The research framework consists of five stages: (1) overview of existing models, (2) initial proposal of the framework, (3)
testing the initial framework in the industrial environment and (4) based on the results, proposing the final conceptual
model that could be widely applied in industrial practice; finally: (5) validating the model in companies in the machinery
industry.

2.1. Overview of the Existing Maturity Models

In the first stage, we decided to review available maturity models with regard to their usability in an industrial environment.
Moreover, our intention was to find out what they have in common and what their strengths and weaknesses are. That
knowledge was the necessary basis for building the initial concept framework for maturity assessment.

According to a recent study by Wendler (2012), there are more than 200 articles related to project management
maturity. However, the range of topics varies significantly (Figure 1). Only 32 of them propose the validated branch model,
out of which the vast majority are in Information Technology (IT) and none for companies in the machinery industry.

We recognize that the significant majority and the most commonly used models in IT (e.g. SPICE, PRINCE, PMMM,
Kerzner’s Project Management Maturity Model) have their roots in the CMMI (CMM) model (Twaites et al., 2004).
However, the main focus of the majority of models is process-oriented (e.g. CMMI, Hammer’s PEMM, Process Maturity
Model, BPMM), while some describe organizational maturity (e.g. OPM3, OGC P3M3, ProMMM), as shown in Table 1.

Table 1. A comparison of the most common maturity models.

Model name Process-oriented Organization-oriented

CMMI (Scampi, 2006) X

Hammer’s PEMM (Hammer, 2007)

Process Maturity Model (Gorschek et
al., 2012)

X
X
BPMM (Lee, Lee, & Kang, 2007) X

OPMS3 (PMI, 2008)

X
OGC P3M3 (OGC, 2006) X
ProMMM (Hillson, 2003) X

A number of models comprehensively test project management in an organization against the completeness of the
multi-processes or the detailed alignment with knowledge areas, which makes the assessment of maturity challenging to
perform in practice. Therefore, consulting companies have specialized in providing maturity level assessment.
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The most extensive and comprehensive model is OPM3, developed by the Project Management Institute (Project
Management Institute, 2008). The OPM3 model gathers best practices and associated capabilities with KPIs and metrics as
well. Moreover, this model is a powerful tool and is also the most universal one (Khoshgoftar & Osman, 2009). It is
designed to be used by different organizations. However, its practical application can be challenging and time-consuming.

Maturity model development

| Research |
(12 1 ” ! H
! with ! e conceptual articles
1 H - . -
¢ maturity | e design-oriented articles
r models |

e descriptions (partly)

Maturity model validation

Maturity model application
empirical / conceptual validation

comparisons of maturity models
empirical studies (stand-alone)
simulations, and others

e application to several contexts and

specific domains
e maturity assessments

e transfer to other contexts

1 | .

' Research : “meta”-articles
) “about”

1 H - -

: maturity ! e literature reviews

: models '

e process models
e theoretical reflections

Figure 1. Topics covered by articles in maturity model research (Wendler, 2012, p. 1331)

In common, the majority of project management maturity models assess maturity using a scale with 1 to 4-5 levels
(where level 1 is the lowest and levels 4 or 5 represent the highest maturity) in different testing areas of processes and
knowledge in project management. Some of the models could use the percentage scale (0-100%) instead of levels to
represent maturity in certain domains. A different approach is used in the OPM3 model where the outcome of the
assessment is not rated. It is a multidimensional, ongoing assessment regarding the relationships between best practices,
capabilities and KPIs, in order to continuously improve maturity.

Hillson (2003) criticizes the complexity of the vast majority of models and points out that they are too detailed and
place too heavy a reliance on theoretical aspects. Therefore, they are hard to apply in practice. To reduce this
disadvantage, he proposes some assessment simplifications (without being overly simplistic) in his ProMMM model.
Therefore, he proposes a reduction in the number of areas of assessment and an increased focus on the project management
context, not only on processes.

2.2. Building Initial Framework For Maturity Assessment

Following Hillson’s (2003) concept, we decided to build a framework for maturity assessment in the industrial environment
with a special focus on new product development. We initially believed that to assess specific maturity in the
manufacturing area, it is sufficient to limit the assessment to three areas related to project management processes and
organizational context, as the majority of existing models demonstrate. However, we recognized that it is crucial to add one
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more, the area of knowledge management, which is one of the most important topics for companies nowadays (Y. K. Cho,
Moore, & Hill, 2003; Friesl, Sackmann, & Kremser, 2011; Gasik, 2011; Lai, 2011; Shida, Yamamoto, Matsumoto, &
Kanazawa, 2007; C. B. Wang, Chen, Chen, & Chu, 2005; Zhou, Son, Chen, Zhang, & Ma, 2007).

Therefore, the proposed initial framework included assessment areas on the following: PM tools and methods /
processes, Organizational context / Management system, Human Resources / Skills and Knowledge, and finally, new
Knowledge Management (which is not a subject of separate measurement in the other models).

2.3 Testing the Framework in the Industrial Environment

The initial framework was tested in three industrial companies. The research was conducted using the case study method
(Rowley, 2002). Using the initial framework, the set of testing questions was built to facilitate the maturity assessment.
The interview was conducted in several days, with staff holding different positions in the organization. During the analyses
of results, it was shown that some areas should be described in another way and, therefore, the model was modified
accordingly. However, the core idea remained unchanged. As a result, the final conceptual model for assessing project
management maturity was proposed. Moreover, after testing the model, it occurred that the preference of industrial
companies is to clearly distinguish the assessment areas and present the results on a short scale, where a scale of 1-5 was
favourable and the most understandable for them. Furthermore, they preferred the simplicity of the assessment model over
going into too many details. Those prerequisites were taken into consideration when building the final shape of the model.

2.4. A Conceptual Model For Assessing Project Management Maturity
Based on the literature overview and interviews with staff from the industrial companies, we propose the conceptual model

with the following assumptions (Figure 2): (1) the maturity assessment should be conducted in four areas, (2) the
assessment should be conducted in each area separately, (2) the assessment score in each area should range from 1 to 5.

A

a1

I

N

Level of Maturity
w

[N

Areal Area2 Area3 Aread

Figure 2. The major assumptions of the conceptual model

The following areas should be taken into consideration for assessment: (1) human resources, (2) methods & tools, (3)
project environment and (4) knowledge management.

Table 2. The areas of maturity assessment and its components.

ID Area Description

1. | Human Resources | staffing, career paths, motivation, training, teamwork

2. | Methods & Tools | methods, tools, techniques and means used for project planning and execution; risk,
requirements, scope, costs, time and quality management

3. | Environment organizational structures, top management support, stakeholder management, company
culture
4. | Knowledge Lessons-learned approach, gathering data and experiences for on-going operations and
Management future references

Each area includes different sets of skills/knowledge/processes/procedures (Table 2):
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The human resources area includes all activities related to the staff required in projects, their development and
management.

The methods & tools area includes methods, tools, techniques and means used for managing different processes and
areas of managing the projects.

The environment area is about the organizational context in which the project operates. It also reflects the common
understanding of the importance of project management for the company.

The knowledge management area is focused both on the technical and non-technical skills needed to support project
management activities and includes data storage, distribution and management.

The five-stage level of maturity reflects the overall compliance with the best practices and could be summarized as
follows: (1) Level 1 — shows that the company is at the initial phase with barely any knowledge of processes related to
project management, (2) Level 2 — says that the company has defined standards in project management and applies them to
some of its activities, (3) Level 3 — shows that the company has defined standards in project management and applies them
in the majority of its activities, (4) Level 4 — at this level, the company recognizes and applies project management
standards in all its activities, (5) Level 5 — is the highest stage of maturity, meaning that the company is continuously
searching for improvements in its project management processes. We propose naming levels 1 to 5 accordingly: Initial,
Standardized, Appliance, System Management, Self-improvement. Detailed descriptions of the maturity levels are shown in

Table 3.

Table 3. The descriptions of maturity levels in given areas of maturity assessment.

AREA
Human Environment Methods & Tools Knowledge
Resources Management
LEVEL 5 System self- System self- System self- System self-
Self-improvement improvement improvement improvement improvement
Management and
Organizational Standard Complex
LEVEL 4 The_common System methods, .tools Knowledge
application of completely and techniques
System Management - : Management
standards supporting applied to all svstem
E Project project activities y
< Management
=
S Management and
|:_||:J Organizational Standard
= System
S methods, tools Knowledge
L The standards supporting in h
(@) LEVEL 3 o cr and techniques Management
. applied in most majority of the . -
> Appliance D used in the covering the
= cases activities L o .
= . majority of majority of fields
& supporting Y
. activities
= Project
g Management
Standard methods
Standards for Managemgnt and tools defined Knowledge
Human System partially
- or adopted for Management
LEVEL 2 Resources supporting . :
- . . common usage in | standard defined.
Standardized defined. Project L
. L . the company. However, limited
Their application Management in : L .
S Their application to some fields
is limited the company is limited
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Standards for

No Management

the company

Standard methods

the company

Human system and tools not Knowledge
LEVEL 1 supporting defined or Management
- Resources .
Initial Project adopted for standard not
management not . . -
defined Management in | common usage in defined

As mentioned above, each area should consist of components that could be described as best practices, processes and
procedures, which, if applied by the company, will result in a higher overall score in the assessed area. However, it is
recommended that apart from the statistical methods applied (e.g. mean value), calculation of the specific thresholds should
be met to allow the company to be classified at a higher level. Therefore, the proposed algorithm for the level assessment
should include both the statistical and thresholds systems, as shown in Figure 3.

The maturity assessment of the given area

¢

Results’ calculation using statistical methods
l LEVEL 5

LEVEL 4
Score n = [1;5] S
\

LEVEL 3

LEVEL 2

LEVEL 1

Figure 3. The conceptual algorithm for assessing the maturity level in the company

3. INDUSTRY APPLICATION

In order to definitively the utility of the model in the industrial environment in the second step, a web-based survey in the
machinery industry companies was conducted. We assessed the maturity level in a simplified way, desired by the
machinery industry, the following measures were used:
basic (Mp), detailed (Mq), and self-improvement (Ms), Using three types of measures allows the reduction of time needed to
perform the assessment to an acceptable level by industrial companies for non-matured companies (Level 1) and the need to
use different measures for over-performing ones (Level 5).

The instrument was validated using Cronbach’s Alpha and then, for each testing area, the maturity level was assigned.

The algorithm itself is based on three measures (Mp, Mg, Ms): share (u), mean value (X) and median (m).

Share (u) is calculated as follows:

XV(Mp)="1"
n

u(M,) = X 100%, where: i = 1...n, and value of M,; - V(M,,;) = {0,1}. Q)
Mean value (X) is calculated as follows:

T (My) = X140 where: i = 1...n,and value of My -V(My) = {1,2,3,4}. @)
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Median (m) is calculated as follows:

when n is even:

V(Md;)+ V(Md;+1)

mMy) = —2—2—, ©))

2

when n is odd:

mMa) = V(M zs1), (4)

where: n is the number of M, being part of a set, sorted incrementally
by value V(My;),wherei =1..n; V(My;) ={1,2,3,4}.

In the model, the measure u can assume a value from 0% to 100%, while the mean value ranges from 1 to 4. For each
measure u, X i m, we can define the threshold values: Py(); Px1); Px2); Px(@3); Px4); Pm1); Pm(2); Pm(d3); Pm4) and Pyg),
which will be used in the assessment of maturity levels using conditions (W). For conditions W1...WS5, the following were
presumed in the model:

W1 =,N”, when u(M,) < Py

W1=,Y", whenu(M,) > Py

W2 =_N", whenu(M,) < P, VmMy) < Ppary V(Mg < Pyan

W2 =,Y", whenu(M,) > P,y Am(My) = Ppary A (Mg) = Pyiany

W3 =,N", whenu(M,) < P, VmMy) < Ppaz V X(My) < Pyaz)

W3 =,Y", whenu(M,) = P,y Am(My) = Pazy A ¥(Mg) = Pyiaz)

W4 = ,N”, when u(M,) < Py Vm(My) < Pprazy V %(Mg) < Pyas)

W4 =,Y”, when u(M,) = Pypy Am(Mg) = Prazy A X(Mg) = Pyas)

W5 = ,N”, when u(M,) < Pypy V m(Mg) < Prasy V £(My) < Pegagy V UMs) < Pys)
W5 =_Y", when u(M,) = Pypy Am(My) = Pryasy A T(Mg) = Pygaay AUM,) = Pys

The following thresholds were assumed, based on the outcomes from testing the framework in the industrial
environment:
e Pu(p) = 50%,

. Px(dl)=2,
. Px(d2)=27,
. Px(d3) =34,
« Px(d4) =40,
« Pm(dl) =1,
e Pm(d2) =2,
« Pm(d3)=3,
« Pm(d4) = 4,

* Pu(s) = 80%.

The model above was implemented for the purposes of project management maturity assessment in companies in the
machinery industry. The invitation to participate in the study was distributed to more than 500 companies. The invitation
was also posted on the websites of international organizations in project management: Project Management Institute (PMI)
and International Project Management Association (IMPA). As a result of the world-wide web-based questionnaire study,
validated data from 112 machinery industry companies were gathered. The companies were from different countries, with
the majority from the USA (16%), Germany (16%), Denmark (12%), Sweden (12%), Italy (10%), Switzerland (9%). The
other companies were from Finland, the UK, Japan, France, Austria and Ireland.

The vast majority (99%) of investigated companies reported revenue of over 2 million EURO (or approx. $2.5
million), as shown in Figure 5.
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Cronbach’s Alpha reported values of over 0.8 for each testing area: (1) human resources, (2) methods & tools, (3)
environment and (4) knowledge management. The results revealed that there are differences between maturity levels in
assessment areas and among the companies. The descriptive data are shown in Table 4.

Basic LEVEL 1
Measures wi1=,N"

LEVEL 2
W (W2=,Y" AW3=,N")

Level 2 — 4 detailed measures

LEVEL 3
(W2 AW3=,Y”
AW4= N

LEVEL 4
(W2 A W3 AW4=,Y")

N

W5=,N”

Self-improvement level
measures

LEVEL 5

Figure 4. Applied algorithm for assessing the maturity level in the company

70
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companies by
30 revenues (in min
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10
O T T
upto?2 2-20 over 20

Figure 5. The number of companies in the machinery industry by revenue level
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Table 4. Descriptive statistics of maturity levels by assessment area: methods and tools (M), human resources (H), project
environment (E) and knowledge management (K).

Assessment M H E K
area

Mean 2.5 3.34 2.27 2.18
Median 2 3 2 2
Std. dev. 0.6 0.96 0.68 0.45
Min. 2 1 2 2
Max. 5 5 5 5

The results of the study showed that the majority of companies in the investigated machinery industry exhibit
approximately the second and third levels of maturity in each testing area. This result is somehow similar to the studies in
the other industries, which use more demanding models (Brookes et al., 2014), and therefore proved that a simplified
method of maturity assessment can be successfully used by companies in practice. It also supported the importance of
measurement of knowledge management as a separate area. The results clearly showed that companies in the machinery
industry should take steps to improve their capacity for knowledge management, as it is considered as the least matured at
the moment.

4. CONCLUSION

The time to market is a crucial issue in the development of new products (Chen & Wang, 2009; Kyriakopoulos, 2011,
Mortensen, Harlou, & Haug, 2008). Moreover, modern industrial companies are completing more projects yearly than ever
before (Aubry et al., 2010; Ika, 2009; Schmidt, Sarangee, & Montoya, 2009). This means that there is a need to increase
their project management efficiency. The increase can be accomplished if the company knows in which areas it is doing
well and in which areas there is still room for improvement. Therefore, there is an issue of systematic assessment of their
maturity level in project management. However, there are a number of project management maturity models, but they are,
in most cases, hard to use due to their complexity. Moreover, there is a need to distinguish the extremely important area of
knowledge management in the assessment.

We propose the new conceptual model designed for and based on the feedback from industrial companies. The model
allows the assessment of project management maturity in four areas: (1) human resources, (2) methods & tools, (3)
environment and (4) knowledge management. The components of the first three areas are proposed based on the reviews of
literature of existing models, while the fourth one additionally includes knowledge management issues, which were
somewhat covered in the other areas in the existing maturity assessment models.

As a result of the assessment, we receive a score that could be assigned to one of the five pre-defined levels of
maturity: (1) Initial, (2) Standardized, (3) Appliance, (4) System Management and (5) Self-improvement.

Level 1 conveys that the company is at the initial phase and the application, if any, of project management is chaotic
rather than systematic. Level 2 says that the company has determined or developed the set of standards that will be used in
the company when managing the projects. Moreover, it means that the common vocabulary system is used. However, the
application of the standards is limited. At Level 3, the company applies assumed standards in the majority of its activities.
However, there is still room for improvement. Level 4 means that the standards are used across all activities related to the
management of projects in the company. Level 5 is the highest stage of maturity. At this level, the company demonstrates
the capacity for self-development for the continuous improvement of the processes supporting project management in the
company.

We proposed a simplified assessment model that was tested and positively assimilated by participating companies due
to its less time-consuming approach, while the results of the assessment proved valuable to the companies. Moreover,
through its simplicity, it can be more efficiently used in quantitative studies, while the practical application of existing
models was mostly limited to the qualitative or in-depth case-studies, through their complexity and awkward
implementation. Therefore, the proposed model can be used in further research in the companies on a global scale in order
to assess their maturity levels and perform cross-comparative industrial studies.

Based on the level of maturity a company exhibits in a chosen area, it receives feedback on how well it is performing
and if there is room for further improvement and, if necessary, additional in-depth studies are conducted using more
complex existing maturity assessment models.
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Finally, the results will help us to understand the current state of project management and could be used by
participating companies as feedback in their efforts to increase efficiency levels in project management.
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