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1.

CONSTRUCTION CONTEXT:
A SYSTEMATIC REVIEW

J.K.D.D.T. Jayanetti!, B.A.K.S. Perera’ and K.G.A.S. Waidyasekara’

ABSTRACT

A maturity model is critical in analysing an entity as it evaluates the current situation
and provides insights on enhancing the capabilities to reach higher maturity. Maturity
models are being used in many industries and proven to have a positive impact on
organisational development. Definition of a context specific maturity model is vital as it
brings clarity to the model identification and better understanding relevant for a
respective industry. Even though several construction maturity models exist, a clear and
a comprehensive definition is not noticeable. A comprehensive definition for maturity
models in construction sector would assist industry stakeholders to understand the
components and key areas of construction maturity. Consequently, it would provide
accurate and impactful results for construction firms to achieve higher maturity levels.
Thus, the main aim of this paper is to establish a new definition for construction maturity
models. In the process, the methodology included a systematic literature review adopting
PRISMA literature review method and a content analysis using thematic analysis. The
study analysed fifteen construction maturity models and identified nine overarching
themes which were fundamental in developing the definition. The proposed definition
would facilitate a better understanding among end users of construction maturity
models, and it would assist the readers to distinguish it from other various models.

Therefore, the derived definition would promote application of the concept of

construction maturity in the industry. Further research could be conducted for diverse
types of construction to enhance the effectiveness of the maturity models.

Keywords: Construction Maturity;, Maturity Models; PRISMA; Systematic Review.

INTRODUCTION

from:

DEFINING A ‘MATURITY MODEL’ IN THE

Maturity models (MMs) describe gradual improvement paths toward the development of
good practices, to the point of achieving a desirable state in any organization (Lacerda
and Wangenheim, 2018). Maturity also explains what the higher levels can be achieved
and therefore it enables to identify shortcomings and ways to correct or preclude
(Schlichter, 1999). MMs are significant as they assist organisations to understand their
existing capabilities and provide a systematic pathway to improve organisation’s
capabilities to reach higher maturity levels (Facchini, et al., 2020). Moreover, a maturity
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model is vital for organisations related to construction as it provides ability to reach the
desired strategic position by continuously improving its desired outputs in a predictable,
controllable and a reliable manner (Machado, et al., 2021). MMs in Information
Technology (IT), Continuous improvement and Software development sectors have
presented comprehensive definitions (Software Engineering Institute , 2006; Liu and
Zhang, 2019). On the other hand, majority of maturity models relevant for construction
sector are an extension of conventional maturity models thus, there is a lack in
comprehensive and construction specific definitions. For example, maturity models like
Construction supply chain maturity model (CSCMM), Construction industry macro
maturity model (CIM3), Standardised Process Improvement for Construction Enterprises
(SPICE), Change Management Maturity Model (CM3) are all based on the Capability
maturity model (CMM) (Nesensohn, et al., 2015). Since these models are developed
based on the CMM, they lack comprehensive and industry specific definitions
(Finnemore and Sarshar, 2002; Vaidyanathan and Howell, 2007; Sun, Vidalakis and Oza,
2009; Willis and Rankin, 2012).

In the search of definitions, Capability maturity model integrated (CMMI) which is the
upgraded version of CMM, provides a comprehensive definition. CMMI defines itself as
a model with proven set of best practices organized by critical business capabilities which
improve business performance. It is designed to be understandable, accessible, flexible,
and integrate with other methodologies such as agile (Software Engineering Institute,
2006). The definition provides a detailed idea covering all the related aspects. Similarly,
MMs in software development sector like Capability Maturity Model (CMM) (Brotby,
2009), MMs in service industry like Logistics 4.0 Maturity in Service Industry (Werner-
Lewandowska and Kosacka-Olejnik, 2019) or Maturity model for product development
information (Sinnwell, Siedler and Aurich, 2019) have defined and outlined the models
which are specifically catered for the respective industries. Even though there are
definitions in MMs in industries like manufacturing and IT, such definitions do not fully
comply to construction firms since the industries have fundamental differences. Since
factors like nature of the final product, time factor, variations and attention on defects are
fundamentally different in manufacturing and construction, it is not viable to adapt a
manufacturing or IT related maturity model definition in its original form to a
construction maturity (Fernandez-solis, 2008). However, construction industry has been
using several project management maturity models in their practices but there is a dearth
of literature specifically in construction maturity model definitions. This is evidenced by
analysing models like Project Management Process Maturity Model (PM)2, where project
management attributes were taken in to consideration however, the model does not define
its parameters nor a clear definition was provided specifically relevant for construction
(Kwak and Ibbs, 2002). In Sri Lankan context also, there is a deficiency in literature trying
to define a construction maturity model. Therefore, considering the construction industry,
there is a clear need to establish a comprehensive maturity model definition as it directly
assists to comprehend and enhance the maturity in construction sector.

There are models that provide definitions which can be related to construction sector to a
certain context. Models which provide a reasonable idea about a definition, i.e. Berkley
Project Management Process Maturity Model (Kwak and Ibbs, 2000), Portfolio,
Programme and Project Management Maturity Model (Office of Government Commerce
(OGC), 2010), Project Management Process Maturity Model (Kwak and Ibbs, 2002) are
more concerned on definitions which are suitable for any industry relative to project
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management but not specifically rendered the construction industry, Therefore, it is
difficult to identify a definition for the construction related maturity models. Inversely,
some available models provide definitions that are only relevant for a specific, narrowed
down area itself, however not in the context of construction. For example, Off-site
construction readiness maturity model is only concerned in offsite construction related
practices (Bendi, et al., 2021). Therefore, considering the lack of a construction maturity
model definition, the study attempts to contribute to the body of knowledge on
construction maturity models by reviewing the literature carried out by various scholars
and by generating a definition for construction related maturity models.

The aim of this paper is to propose a definition for the construction maturity models. The
paper starts with an introduction and followed by a comprehensive systematic literature
review using the PRISMA systematic review method on existing maturity models and
their definitions. Next, the research method, comprising of data collection techniques, is
explained. Then the data collected from literature would be presented and analysed
through a thematic analysis in order to identify the themes in developing the definition
for construction maturity model. Finally, the findings would be discussed and the final
definition for construction maturity model is presented. The research is significant as it
contributes to the body of knowledge of construction maturity models and therefore will
promote the application of construction maturity in the construction industry.

2.  LITERATURE SYNTHESIS

Maturity Models originated within the practices of Total Quality Management systems
where the continuous improvement is considered a main aspect through analysing the
current status and the capabilities of the organisation compared to the future goals
(Brookes and Clark, 2009). CMM is considered one of the prominent maturity models
which was initially developed with the goal of improving software process and later, due
to the success of the model, US defence department and other entities adapted it
(Nesensohn, et al., 2015). With the success of the maturity models mainly in software
development, other industries like manufacturing management and IT, adopted maturity
models to enhance their business capabilities (Santos-Neto and Costa, 2019). Currently,
the maturity models have been extended to different domains such as education, health,
energy, finance, construction, industrial sector, government and general use (Tocto-cano,
et al., 2020).

In defining maturity models, it is imperative to comprehend the idea behind the word
“maturity”. As per the Oxford English Dictionary (2021) maturity means the state of
being fully grown or developed and this can be designated to a person, organisation, plant
or for a principle even. The maturity itself defines the idea that how advanced or ripened
any entity is. A maturity model can be defined as a tool with structured set of elements
that describes and progressive path towards improvement from immature processes to
mature and effective processes (Facchini, et al., 2020). A maturity model mainly
facilitates a pathway or rather a framework which benchmarks and improve the
performance on a continuous scale (Demir and Kocabas, 2010). Maturity models help
organisations to critically analyse their activities and identify the inefficiencies that halts
organisation from achieving their objectives. The basis of the maturity model is the fact
the people, organisation, functional areas, process etc. could evolve and develop through
a process of growth to an advanced or enhanced maturity level (Vasquez, et al., 2021).
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In compare and contrast of maturity models relating to construction industry, it is visible
that a considerable number of models have similarities. A noticeable similarity is
belongingness to the CMM family. Models like CSCMM, Organisational Project
Management Maturity Model (OPM3), Berkley Project Management Process Maturity
Model, CIM3, SPICE, CM3, Portfolio, Programme and Project Management Maturity
Model (P3M3) all are developed considering CMM as a fundament (Eadie, Perera and
Heaney, 2011). On the contrary, a model like Off-site construction readiness maturity
model has followed a different approach where it is developed using empirical studies to
suite specifically offsite construction (Bendi, et al., 2021). Another fact that is seemed to
be common is having distinct maturity levels and the idea is visible in analysing their
respective definitions as well. On the same note important aspect is that, most of these
models provide a gradual and progressive pathway towards higher maturity assisting
organisations to grow (Khoshgoftar and Osman, 2009). Maturity models are beneficial in
many ways for organisational enhancement as emphasised by several scholars. Maturity
Model can be equipped as a tool assisting organisations to analyse their core areas with
their existing capabilities (Silva, et al., 2021). Creating awareness of current situation and
discovering potentials and requirements for improvement (Wendler, 2012), providing
directions and actions of improvement and evaluating complexities and areas of
improvement to a new cultural change (Pennypacker, 2005), analysing strengths and
weaknesses to plan out the transformations (Perkins, et al., 2010), serving as reference
point or benchmark to implement a change or improvement approach in a systematic and
well-directed way (Cooke-Davies, 2007), providing the platform to a common
communicating tool (Klimko, 2001), embedding change through cultural excellence and
sustained embedment of business processes (Eadie, Perera and Heaney, 2011) are few
highlights of the benefits of maturity models.

There are numerous MMs related to construction sector that are being used in the industry
for a reasonable time. The term maturity is being used in several sectors and provide
different definitions. In the field of management, maturity is an idea that explains the
progressive improvement in project management systems and processes that can be used
to assess an organization’s capabilities and to provide an improvement path
(Pennypacker, 2001). In the field of IT and software development, the idea of maturity
stands off as a process management device which streamline all the procedure (Tocto-
cano, et al., 2020) indicating that maturity models and their definitions tend to be industry
specific. On the same note since construction industry is unique and different to other
industries in technological, economic, cultural aspects, same definitions of other
industries would not be compatible to construction. This suggests the idea that even
though there are fundamental similarities in maturity models, their definitions vary and
provide different meaning considering the context. Therefore, there is a clear need to
research on the area of construction maturity models to develop a definition for
construction maturity models.

3. METHODOLOGY

A comprehensive literature review helps gaining valuable insights from the prior studies
carried out through analysing and understanding of the respective subjects (Saunders,
Lewis and Thornhill, 2016). Systematic reviews such as PRISMA are rigorous studies
used to collate all available evidence that conforms to a predefined set of eligibility
criteria, to address a specific matter of interest (Sohrabi, et al., 2021). A systematic review
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collects all possible studies related to a given topic and design, and reviews and analyses
their results (Ahn and Kang, 2018). Adopting a method like PRISMA is ideal for
literature review since it captures all relevant evidence as it provides check lists which
covers all the relevant aspects related to the area of research (Page, et al., 2021).
Therefore, the study adopted the PRISMA systematic review in search of the relevant
literature for the study. One crucial component of a systematic review is the literature
search. The literature search, or information retrieval process, not only informs the results
of a systematic review; it is the underlying process that establishes the data available for
analysis (Rethlefsen, et al., 2021). Figure 1 illustrates the research process followed.

» I »

«Identify Research ' * Abstract Screening +Indepth analysisi on
Problem * Assessing the the selected articles
«Identify the research selected papers * Carryout Thematic
scope « Extraction of analysis

«Selection of unnecesaary *Discussion and
Keywords documents review

«Literature search on systematically

- databases

Figure 1: PRISMA Research Process

As shown in Figure 1, the study was carried out in 3 main stages. Firstly, key words were
determined for the search which are imperative for the systematic search as shown in
Figure 2. To begin with, the authors selected 175 articles from a scientific data search
from leading databases. The three main data bases used for the study were ‘Science
Direct, Google Scholar and Emarald Insight.

Key Word Search Reference Search
175 Articles Downloaded
Abstract Review
Screening -Abstract
In depth Review In depth Review

41 Articles 11 Articles

| Full Paper Review with 52 Articles ‘

Figure 2: Stages of Prisma Systematic Literature Review

After identifying the key words (Maturity, Maturity Models, Modern Maturity Models,
Construction Maturity, Construction Maturity Models, Project Management Maturity
Models, Construction Management Maturity Models, AEC industry maturity model), 175
articles were discovered through PRISMA systematic analysis. Subsequently, the articles
were screened through the abstract as an initial collection. 85 articles were stored and
later these articles were critically analysed for further screening. From those, 41 articles
were selected as directly relevant for the study and used for the review. Furthermore, 25
articles were further identified through the references from the selected 41 articles.
Similarly, they were firstly screened from the abstract and later comprehensively
screened and reduced to 11 articles. Ultimately 52 articles were selected for the final
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review and analysis of the study. The study scrutinised 15 maturity models that were
selected according to the two main criteria of 1) relevancy for construction sector and 2)
visibility of basic concepts of a definition of a maturity model.

4.  FINDINGS

4.1 THE IDENTIFIED MATURITY MODELS

Through the PRISMA systematic literature review conducted, 15 maturity models were
identified as appropriate and directly relevant for the discussion and presented them in
Table 1. These models were selected after rigorously following the PRISMA review and
identifying the models which fulfilled the two criteria mentioned in Methodology section.
Further, the definitions of the identified models were determined as direct definitions and
derived definitions as shown in Table 1.

Table 1: Maturity models

Key Model  Direct Definition Derived Definition Related Industry
1 N4 IT/Adopted for Construction related MMs
2 v IT/Construction
3 v Construction
4 v Construction/Project Management
5 v Construction/Project Management
6 v Construction/Project Management
7 v Construction/Project Management
8 v Construction
9 v Construction/Project Management
10 v Construction/Project Management
11 v Construction/Project Management
12 v Construction/Project Management
13 v Construction/Project Management
14 v Lean Construction
15 v Construction/Project Management

[1]CMM, [2] CMM], [3] Standardised Process Improvement for Construction Enterprises (SPICE), [4]
Change Management Maturity Model (CM3), [S] Organizational Project Management Maturity Model
(OPM3), [6]Maturity Assessment Grid (MAG) from the Strategic Forum for Construction, [7] Projects In
Controlled Environments off-site construction readiness maturity model (PRINCE2), [8] Off-site
construction readiness maturity model, [9] OMG Business process maturity model (BPMM), [10]
Construction supply chain maturity model CSCMM, [11] construction industry macro maturity model
(CIM3), [12]Berkley Project Management Process Maturity Model, [13] Portfolio, Programme and Project
Management Maturity Model -P3M3, [14]Lean Construction Maturity Model (LCMM), [15] Project
Management Process Maturity Model (PM)2

Above listed fifteen MMs were taken for consideration in developing a definition for the
construction maturity models and methodical of presentation of data collected from the
systematic literature review are summarised in Table 2.

Proceedings The 10" World Construction Symposium | June 2022 303



JK.D.D.T. Jayanetti, B.A.K.S. Perera and K.G.A.S. Waidyasekara

Table 2: Analysis of maturity model definitions

Key Maturity Model Direct Definition Derived Definition Source
Capability Maturity A reference [process] model of mature practices (Brotby, 2009)
Model (CMM) in a specified discipline, used to improve and

appraise a group’s capability to perform that
discipline

Capability Maturity CMMI model is a proven set of best practices (Software
Model Integrated organized by critical business capabilities Engineering
(CMMI) which improve business performance. It is Institute, 2006)

Standardised Process
Improvement for
Construction
Enterprises (SPICE)

Change Management
Maturity Model
(CM3)

Organizational Project
Management Maturity
Model (OPM3)

Maturity Assessment
Grid (MAG) from the
Strategic Forum for
Construction

designed to be understandable, accessible,
flexible, and integrate with other methodologies
such as agile.

OPM3 is a standard to understand and
measure organisational project management
maturity against a comprehensive and broad-
based set of organisational

project management Best Practices”

Proceedings The 10" World Construction Symposium | June 2022

SPICE provides an evolutionary framework for business process
improvement and also an assessment tool for organisational maturity

CM3 defines five levels of maturity — ad hoc, informal, systematic,
integrated, and continuous improvement. Measurement is carried out on
six key process areas — management process, risk management,
communication, management information, collaboration, and
leadership/objectives.

MAG measures cultural maturity and to guide both individuals and an
organisation in how to introduce a change of culture and behaviours
towards better ‘integration’ within the construction industry

(Hutchinson and
Finnemore, 1999;
Finnemore and
Sarshar, 2002)

(Sun, Vidalakis
and Oza, 2009)

(Project
Management
Institute (PMI),
2003)

(Strategic Forum
for Construction
(SFC), 2003).
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Projects IN Controlled
Environments
(PRINCE2)

Off-site construction
readiness maturity
model

OMG’s business
process maturity
model (BPMM)

Construction supply
chain maturity model
(CSCMM)

Construction industry
macro maturity model
(CIM3)

Berkley Project
Management Process
Maturity Model

Portfolio, Programme
and Project

PRINCE?2 is a standard provides a framework
which organizations can assess their current
adoption of the PRINCE2 project management
method and put in place improvement plans
with measurable outcomes based on industry
best practices.

A fully integrated maturity model to measure,
locate and compare an organisations’ current
project management level in a systematic and
an incremental approach.
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A structured process to enable organisations to assess their Off-Site
Construction readiness in the market enabling to evaluate and
benchmark processes through the strategic and operational phases. The
maturity model identifies the areas of concern and the scope for further
development or change to secure the optimal advantage of Off-Site
Construction methods.

The BPMM is a process model by itself, or it can be used as a
framework for improvement efforts based on other models. It is
containing of five maturity levels and 30 process areas

Provides a framework to both assess where a company is today along
the maturity curve, and how they can go to more advanced maturity
levels. It integrates the efforts of the various efforts of the tool vendors,
process experts, and interoperability research and allows for companies
to adopt some or all of them as part of

their strategy

A structured model, providing leading indicators of project
performance, providing a context in which to interpret project
performance; enable comparisons between various regions; and provide
guidance with respect to construction industry performance
improvement initiatives

A structured model with Maturity Levels, Process Perspectives and
Attributes providing a snapshot of where an organisation is now with

(Williams, 2010))

(Bendi, et al.,
2021)

(Gardiner, Weber
and Curtis, 2008)

(Vaidyanathan and
Howell, 2007)

(Willis and
Rankin, 2012)

(Kwak and Ibbs,
2000)

(Office of
Government
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Management Maturity
Model (P3M3)

Lean Construction
Maturity Model
(LCMM)

respect to any of the Process Perspectives in all or any of their portfolio,
programme, and project management capabilities. Further providing,
knowledge of where the organization needs or wants to be in the
future, offers the basis for an improvement plan to be devised and for
progress towards the target to be tracked.

LCMM provides organisations with crucial information of their current
position in the maturation process ("in the fog"). Furthermore, the
LCMM provides businesses a tool to plan and direct organisations with
support and guidance in their LC maturation Process and embedded
change

Commerce (OGC),
2010)

(Nesensohn, et al.,
2015)

Project Management (PM)2 model provides a means for identifying and measuring different (Kwak and Ibbs,
Process Maturity PM levels by integrating nine PM knowledge areas with five project 2002)
Model (PM)2 processes under a quantified scheme. It is well suited to assess an
organizational project management level
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Through the systematic literature review, 15 key models were identified for further
examination, which fitted the criteria, as they were directly relevant for the scope of the
study as well as considering the value given by the previous scholars. The identified
models were further analysed using the thematic analysis method and the findings of the
analysis are discussed in the following section.

4.2 IDENTIFYING THE KEY THEMES AND WORDINGS

The paper studied fifteen maturity models which are identified through the systematic
literature review. Subsequently, the identified models were critically analysed using a
thematic analysis method. Thematic analysis is identified as a method of identifying,
analysing, and reporting patterns (themes) within data (Braun and Clarke, 2008).
Thematic analysis is commonly adopted in situations where wide variety of data is
available (Castleberry and Nolen, 2018). Since there were variety of data the study
requires analysing data of various themes thus, a thematic analysis was carried out in
order to identify the overarching themes and wordings in developing the definition for
the construction maturity.

The thematic analysis identified nine key themes and wordings as shown in Figure 3, that
are critically important in defining a maturity model which is catered for the construction
sector. Figure 3 shows the frequency of the themes evidence in the elected maturity
models of the study.

Tool / Framework /

Assessing through ke 15 .
processeg/ Attri Eutesv/ Best practices / Mature
performance criteria 10 practices

Provide strategies for
improvement / To reach Different maturity levels
higher maturity levels

Applied for organisations, Benchmarking / Reference
Projects / Industries point

Indicate / Evaluate existing
capabilities / Current level
of Maturity

Structured / Defined
process

Figure 3: Identified themes from existing maturity models

As Table 2 portrays many themes were identified through analysing the definitions. The
identified key themes and words are bolded in Table 2. Since several wordings and
themes were identified a frequency analysis was carried out to group and summarise the
identified themes and wordings which have similar meaning. This allows to comprehend
all the key aspects related to each individual model and aggregate them under overarching
themes. Accordingly, nine overarching themes and wordings were identified as
imperative to the proposed definition as shown in Figure 3. Analysis of the themes and
words clearly depict that all the models have identified these nine key overarching themes
as important in defining the models. Therefore, each of these themes were considered in
the proposed construction maturity model definition. A critical analysis of how each of
these themes were used in developing the new definition is explained step by step next.
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In defining construction related maturity models, many models are defined as tools that
consist of a framework including construction industry related performance criteria and
related attributes. SPICE (Finnemore and Sarshar, 2002; Hutchinson and Finnemore,
1999), PRINCE2 (Williams, 2010), BPMM (Gardiner, et al., 2008), CSCMM
(Vaidyanathan and Howell, 2007) evidence throughout the analysis that the idea of a
framework is crucial in defining the model.

“A construction maturity model is a tool with a defined framework consisting of
construction related performance criteria and attributes........ 7

A considerable number of models investigated in the study have used the word ‘process’
or similar interest of a process in defining the models. Models like SPICE, CMM, CMMI,
CM3, OCRMM, BPMM, CSCMM, P3M3, (PM)2, have used the theme of a process in
defining the respective models. Several authors (Bendi, et al., 2021; Willis and Rankin,
2012; OGC, 2010), in defining the respective models, OCRMM, CIM3, P3M3 have
indicated that models have to be structured in order to provide uniformity in the
evaluating process.

“A construction maturity model is a tool with a defined framework consisting of
construction related performance criteria and attributes providing a structured

2

process..........

Most of the models investigated directly or indirectly embraced the idea of ‘evaluating
and indicating’ suggesting that the models assist to investigate and measure the current
level of capabilities. It is evidenced in most of the definitions. For instance, CSCMM
(Vaidyanathan and Howell, 2007) defines, °....... a framework to both assesses where a
company is today along the....”. This idea is highly relevant for maturity models as prior
for higher development it is crucial for entities to understand the current level.

“A construction maturity model is a tool with a defined framework consisting of
construction related performance criteria and attributes providing a structured
process offering indicators of the existing capabilities.............”

A key theme highlighted in defining the maturity models was the idea of distinct levels
of maturity in their respective fields. CM3 - The model defines five levels of maturity —
ad hoc, informal, systematic, integrated and continuous improvement (Sun, Vidalakis and
Oza, 2009). Further OMG’S business process maturity model in defining itself stresses
that BPMM is a process model containing of five maturity levels and 30 process areas
(Gardiner, Weber and Curtis, 2008).

On a different note, to where the model should be applied was not clearly indicated.
Several models indicated that the model could be utilised to assess organisations or an
entire industry (Bendi, et al., 2021; Vaidyanathan and Howell, 2007 ; SFC, 2003). On the
contrary, some of the models have declared that the application is suitable only on
project-based works (Willis and Rankin, 2012). Therefore, to cover all the aspects of
construction it is vital to incorporate both these entities into the definition of the model.

“A construction maturity model is a tool with a defined framework consisting of
construction related performance criteria and attributes providing a structured
process offering indicators of the existing capabilities of an organisation /
project through evaluating the current level of maturity.......... ”
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In the definitions of the models, it is evident that the future state of the organisation is
also considered with respect to what the particular entity intends to achieve. P3M3
elaborates in its definition that the model would provide, knowledge of where the
organization needs or wants to be in the future and offers the basis for an improvement
plan to be devised (OGC, 2010). Fostering the idea further, the models provide areas for
further development and enhancement by comparing the existing practices of the
organisation with benchmarked best practices in the industry (Vaidyanathan and Howell,
2007).

Thus, considering these themes and ideas which were supported by the studied models,
the final definition of the model is presented as below.

“A construction maturity model is a tool with a defined framework consisting of
construction related performance criteria and attributes providing a structured
process, offering indicators of the existing capabilities of an organisation /
project through evaluating the current level of maturity and providing strategies
for further improvement through industry best practices to reach higher maturity
levels by comparing the existing level to the desired level.”

The proposed definition covers the essential areas identified though models and provide
a more holistic and in-depth definition which can be used in in the construction sector
with a more pragmatic approach.

S.  DISCUSSION

The definition developed for construction maturity modlel is fundamentally established
through identifying the key themes discovered among the reviewed fifteen maturity
models proving that there are substantial similarities among them. However, the final
model definition has modest variations from few of the models. For instance, A key model
like Maturity Assessment Grid from the Strategic Forum for Construction (SFC, 2003),
mainly focuses on the premise of cultural maturity. The definition of the said model
clearly outlines that it emphasises how the cultural differences to be managed through
various means. Whereas the new model definition explains about a broader theme of
evaluating current self and reaching for higher maturity. Moreover, models like Off-site
construction readiness maturity model (Bendi, et al., 2021), are defined to address a very
specific part of construction. On the contrary the newly founded definition for
construction maturity model covers the full spectrum of the construction sector.

Evaluating models and their definitions contemplating to other industries apart from
construction industry, there are notable differences. A model which initially measured
only the capability of software, CMM, defines maturity as Software process maturity is
the extent to which a specific process is explicitly defined, managed, measured,
controlled, and effective (Fraser, Moultrie and Gregory, 2022). The fact is that the
definitions is mainly focusses on the process itself only. In contrast, the construction
maturity model definition considers not only the practices but the entire lifecycle of a
construction procedure. It is important to note that even though there are differences in
the model definitions, several similarities exist as well. Existence of distinct maturity
levels, consideration of evolutionary pathways and guidance for improvement (Issa, et
al., 2018; Stachowiak and Oleskow-Sztapka, 2018; Werner-Lewandowska and Kosacka-
Olejnik, 2019) are key similarities observed in definitions.
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6. CONCLUSIONS

The necessity for a comprehensive definition for maturity models in the construction
sector was identified after recognising the absence of such a definition. Thus, the aim of
the study was to propose a new definition to construction maturity models. A systematic
literature review was carried out in identifying the existing models that assisted
establishing the new definition using PRISMA systematic analysis. Fifteen models which
have a direct relationship to construction sector were identified during the process. Later
a thematic analysis was conducted in order to identify the overarching themes in
determining the definition from the said models. Through the analysis, nine key themes
were developed and wordings were extracted from existing maturity models and finally,
a comprehensive definition was proposed. The key idea behind the developed definition
is that the model should provide a systematic, structured set of guidelines to analysis the
existing strengths and weaknesses of the point of interest and to provide an evolutionary
guide for improving the current maturity level.

The impact of the study is twofold. From a theorical perspective this study contributes to
the existing knowledge base of construction maturity models by establishing a more
specific definition to construction maturity. Further it provides a platform for future
studies on maturity models. From an industry perspective, the proposed model definition
enables organisations in construction sector to comprehend what construction maturity
means and it enables firms to evaluate themselves in the interest of maturity and improve.
Moreover, it enables organisations to conduct industry specific and relevant maturity
evaluations in order to get more accurate and impactful results to reach higher maturity
levels. The scope of the research was limited to maturity models related only to
construction and construction related sectors. Future research can be conducted in
customising the definition for diverse types of constructions as well as for novel industries
in developing industry specific models.

7. REFERENCES

Ahn, E. and Kang, H., 2018. Introduction to systematic review and meta-analysis. Korean Journal of
Anaesthesiology, 71(2), pp. 104-112.

Bendi, D., Rana, M.Q., Arif, M., Goulding, J.S. and Sawhney, A., 2021. An off-site construction readiness
maturity model for the Indian construction sector. Construction Innovation, 21(1), pp. 123-142.

Braun, V. and Clarke, V., 2008. Using thematic analysis in psychology using thematic analysis in
psychology. Qualitative Research in Psychology, 3(2), pp. 77-101.

Brookes, N. and Clark, R., 2009. Using maturity models to improve project management practice. In:
POMS (Production and Operations Management Society), 20" Annual conference. January 2009,
Orlando, Florida U.S.A, 1- 4 May 2009. UK: Aston University

Brotby, C., 2009. Capability maturity model. Information Security Management Metrics. pp. 201-203.

Castleberry, A. and Nolen, A., 2018. Thematic analysis of qualitative research data: Is it as easy as it
sounds?. Currents in Pharmacy Teaching and Learning, 10(6), pp. 807-815.

Cooke-Davies, T.J., 2007. Project management maturity models. In: P.W.G. Morris and J.K. Pinto, ed.
2007. The Wiley Guide to Managing Projects. New Jersey: John Wiley and Sons. Ch.49.

Demir, C. and Kocabas, I., 2010. Project management maturity model (PMMM) in educational
organizations. Procedia - Social and Behavioral Sciences, 9, pp. 1641-1645.

Eadie, R., Perera, S. and Heaney, G., 2011. Key process area mapping in the production of an e-capability

maturity model for UK construction organisations. Journal of Financial Management of Property and
Construction, 16(3), pp. 197-210.

Proceedings The 10" World Construction Symposium | June 2022 310



Defining a ‘maturity model’ in the construction context: A systematic review

Facchini, F., Oleskéw-Sztapka, J., Ranieri, L. and Urbinati, A., 2020. A Maturity Model for Logistics 4.0:
An empirical analysis and a roadmap for future research. Sustainability, 12(1), p. 86.

Fernandez-Solis, J., 2008. The systemic nature of the construction industry. Architectural Engineering and
Design Management, 4(1), pp. 31-46.

Fraser, P., Moultrie, J. and Gregory, M., 2022. The use of maturity models/grids as a tool in assessing
product development capability. /EEE, 1, pp. 244-249

Finnemore, M. and Sarshar, M., 2002. Standardised process improvement for construction enterprises
SPICE. 1, pp. 1-10. Available from: http://logmgt.nkmu.edu.tw/news/articles/standardised process
improvement for construction enterprises.pdf

Gardiner, T., Weber, C. and Curtis, B., 2008. Business process maturity model (BPMM)-Version 1.0.
Business Process Trends, June, p. 496.

Hutchinson, A. and Finnemore, M., 1999. Standardized process improvement for construction enterprises.
Total Quality Management, 10(4-5), pp. 576-583.

Issa, A., Hatiboglu, B., Bildstein, A. and Bauernhansl, T., 2018. Industrie 4.0 roadmap: Framework for
digital transformation based on the concepts of capability maturity and alignment. Procedia CIRP, 72,
pp. 973-978.

Khoshgoftar, M. and Osman, O., 2009. Comparison of maturity models. In: Proceedings - 2009 2" IEEE
International Conference on Computer Science and Information Technology, ICCSIT 2009. Beijing,
China , 08-11 August 2009.

Klimko, G., 2001. Knowledge management and maturity models: Building common understanding. In :
Proceedings of the 2" European Conference on Knowledge Management (ECKM). Bled, Slovenia,
November 2001, pp. 269-278.

Kwak, Y.H. and Ibbs, C.W., 2000. The Berkeley project management process maturity model: Measuring
the value of project management. In : Proceedings of the 2000 IEEE Engineering Management Society,
EMS-2000, September 2015, pp. 1-5.

Kwak, Y.H. and Ibbs, C.W., 2002. Project Management process maturity (PM)2 model. Journal of
Management in Engineering, 18(3), pp. 150-155.

Lacerda, T.C. and von Wangenheim, C.G., 2018. Systematic literature review of usability
capability/maturity models. Computer Standards and Interfaces. 55, pp. 95-105.

Liu, Z. and Zhang, Y.X., 2019. Assessing the maturity of China’s seven carbon trading pilots. Advances in
Climate Change Research, 10(3), pp. 150-157.

Machado, F., Duarte, N., Amaral, A. and Barros, T., 2021. Project management maturity models for
construction firms. Journal of Risk and Financial Management, 14(12), p. 571.

Nesensohn, C., Bryde, D., Ochieng, D.E.G. and Fearon, D., 2015. Maturity and maturity models in lean
construction. SSRN Electronic Journal, January 2018.

Office of Government Commerce - OGC., 2010. Portfolio, programme and project management maturity
model. London: Office of Government Commerce

Oxford Dictionary, 2022. Oxford Advanced Learner's Dictionary.[online] UK; Oxford University Press.
[Online] Available from:
https://www.oxfordlearnersdictionaries.com/definition/english/maturity#:~:text=%2Fm%C9%99%CB
%88t%CA%8Ar%C9%99t1%2F,in%20a%20sensible%2C%20adult%20manner [Accessed 01 March
2022]

Page, M.J., McKenzie, J.E., Bossuyt, P.M., Boutron, 1., Hoffmann, T.C., Mulrow, C.D., Shamseer, L.,
Tetzlaff, .M. and Moher, D., 2021. Updating guidance for reporting systematic reviews: development
of the PRISMA 2020 statement. Journal of Clinical Epidemiology, 134, pp. 103-112.

Perkins, L.N., Abdimomunova, L., Valerdi, R., Shields, T. and Nightingale, D., 2010. Insights from
enterprise assessment: How to analyze LESAT results for enterprise transformation. Information
Knowledge Systems Management, 9, pp.153-174

Pennypacker, J.S., 2005. Project portfolio management maturity model. Pennsylvania, USA: Center for
Business Practices.

Project Management Institute, 2003. Organizational project management maturity model-OPM3. 2™ ed.
Pennsylvania, USA: PMIL

Proceedings The 10" World Construction Symposium | June 2022 311



JK.D.D.T. Jayanetti, B.A.K.S. Perera and K.G.A.S. Waidyasekara

Rethlefsen, M.L., Kirtley, S., Waffenschmidt, S., Ayala, A.P., Moher, D., Page, M.J. and Koffel, J.B., 2021.
PRISMA-S: An extension to the PRISMA statement for reporting literature searches in systematic
reviews. Systematic Reviews, 10(1), p. 39.

Santos-Neto, J.B.S. and Costa, A.P.C.S., 2019. Enterprise maturity models: A systematic literature review.
Enterprise Information Systems, 13(5), pp. 719-769.

Saunders, M.N.K., Lewis, P. and A. Thornhill, A. eds., 2016. Research methods for business students.
England: Pearson Education Limited.

Schlichter, J.,1999. Surveying project management capabilities. PM Network, 13(1), pp. 39-40

Sinnwell, C., Siedler, C. and Aurich, J., 2019. Maturity model for product development information.
Procedia CIRP, 79, pp. 557-562.

Silva, C., Ribeiro, P., Pinto, E.B. and Monteiro, P., 2021. Maturity model for collaborative R&D university-
industry sustainable partnerships. Procedia Computer Science, 181, pp. 811-817.

Software Engineering Institute, 2006. CMMI for Development Version 1.2. Pittsburgh: Software
Engineering Institute

Sohrabi, C., Franchi, T., Mathew, G., Kerwan, A., Nicola, M., Griffin, M., Agha, M. and Agha, R., 2021.
PRISMA 2020 statement: What’s new and the importance of reporting guidelines. International Journal
of Surgery, 88, pp. 39-42.

Stachowiak, A. and Oleskow-Sztapka, J., 2018. Agility capability maturity framework. Procedia
Manufacturing, 17, pp. 603-610.

Strategic Forum for Construction-SFC., 2003. Supply chain maturity assessment grid. UK: SFC. [Online]
Available from: http://www.strategicforum.org.uk/sfctoolkit2/help/ maturity model.html

Sun, M., Vidalakis, C. and Oza, T., 2009. A change management maturity model for construction projects.
In: Association of Researchers in Construction Management, Proceedings of the 25" Annual
Conference. Nottingham, UK, 7-9 September 2009, Association of Researchers in Construction
Management

Tocto-Cano, E., Paz Collado, S., Lopez-Gonzales, J. and Turpo-Chaparro, J., 2020. A systematic review of
the application of maturity models in universities. Information, 11(10), p. 466.

Vaidyanathan, K. and Howell, G., 2007. Construction supply chain maturity model - Conceptual
framework. In: Pasquire, C.L., C. L. and Tzortzopoulos, P., 15" Annual Conference of the International
Group for Lean Construction. East Lansing, Michigan, USA, 18-20 July 2007.

Vasquez, J., Aguirre, S., Puertas, E., Bruno, G., Priarone, P. C. and Settineri, L., 2021. A sustainability
maturity model for micro, small and medium-sized enterprises (MSMEs) based on a data analytics
evaluation approach. Journal of Cleaner Production, 311.

Wendler, Roy., 2012. The maturity of maturity model research: A systematic mapping study. Information
and Software Technology. 54, pp. 1317-1339.

Werner-Lewandowska, K. and Kosacka-Olejnik, M., 2019. Logistics 4.0 maturity in service industry:
empirical research results. Procedia Manufacturing, 38, pp. 1058-1065.

Williams, G., 2010. PRINCE?2 maturity model. London: Office of Government Commerce.

Willis, C.J. and Rankin, J.H., 2012. The construction industry macro maturity model (CIM3): Theoretical
underpinnings. International Journal of Productivity and Performance Management, 61(4), pp. 382-
402.

Proceedings The 10" World Construction Symposium | June 2022 312



