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ABSTRACT

The level of Building Information Modelling (BIM) and Lean adoption has been rapidly
increased. The benefits of integrating these two approaches have also been identified.
However, to achieve the maximum benefits of the interaction of these two approaches,
there needs to be assessment tools to analyse their performances collectivelse Becau
understanding and analysing the performances of these approaches would provide value
to the entire project in terms of lessons learned, more value generation, and continuous
improvements. Therefore, this paper aims to propose an integrated BIM and Lean
Maturity Model based on reviewing the literature around current maturity models.

This paper proposes an Integrated BIM and
which could serve as a basis in terms of assessing the performances of the projects
implementing BM and Lean together.
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1.1INTRODUCTION

In recent years, the application of new innovative and technological approaches has been
increased to improve oxedl project productivity and performances within the
construction industry. The most beneficial approaches can be considered to be BIM and
Lean Construction which provide benefits to the construction industry. Because of the
increased adoption of BIM antean approaches, there is a need of having proper
assessment tools or models to analyse the performances of these approaches.
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There are different assessment tools and maturity models available for assessing the
performances of BIM and Lean individualljowever, due to the increased adoption of
these two approaches together, there is a need of having an integrated maturity model or
assessment tool to analyse the performance of both BIM and Lean together. Providing an
integrated BIM and Lean maturity mod&buld enhance analysing the performances of
these two collectively together so that subsequently it would enable realising the benefits
of both approaches.

2.1MATURITY ASSESSMENTS

Over the recent years, an interest over maturity models have intieasech way that
maintaining a maturity model supports organisations in becoming more mature
(Khoshgoftar and Osman, 2009ndersen and Jessen (2003) débm of maturityis the

quality or state of being maturdugdev and Thomas (200@dinted out that the main
advantages of a maturity model is that it allows to recognize strengths, weaknesses, and
benchmarking information for projects and organisations. However, maturity models also
possesses a set of limitations, from a theoretical perspectiveeaifispDakhil and
Alshawi, 2014;Jugdev and Thoma<002. Existing literature shows that a set of
maturity models have been used to assess organisafioashgoftar and Osman, 2009

The Software Engineering Institute (SElgveloped the CMM, which isalsed on a
software development proce$¢SEIl, 1993).Six models have been created from this
development, but lately it has been integrated into a holistic maturity model that has been
named bythe CMMI. This Modelincludes5 levels ofmaturities which arexplained in

Table 1 (SEI. 1993).

Table 1: The Saivare Engineering Institute CMMefined (SEI. 1993)

Maturity level Definition

Processes are usually ad hoc and the organization usually does not
provide a stable environment. Organizations are characterized by a
tendency to over commit, abandon processes in the time of crisis, and
not able to repeat their past successes again

Software development successes are repeatable. The processes may
not repeat for all the projects in the organization

Initial / Ad-hoc

Defined

The organization’s set of standard processes is established and
Managed improved over time. These standard processes are used to establish
consistency across the organisation

Using precise measurements, management can effectively control the
Integrated software development effort. At this level, organisation set a quantitative
quality goal for both software process and software maintenance

Focusing on continually improving process performance through both

Optimised incremental and innovative technological improvements

Focus on process
improvement

Process measured
and controlled

Process characterized
for the organization
and is proactive

Process characterized for
projects and is often
__reactive

Competent people and
heroics (Hope for the
best)
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Figure X Capability Maturity Model Integration (CMMI) (Chrissis et al., 2003)

There isa need of having an integrated maturity model or assessawrio analyse the
performance of both BIM and Leasmpproachegogether Snce most of theexisting
maturity models in relation to BIMnd Learhave adopted the Capability Marity Model
Integration (CMMI) approach, thereforeCMMI should also be adopmte when
introducing the integrated BIM and Lean maturity mo@rissis et al., 2003Based on

the CMM levels, an evolution of a maturity model was developed which includes 5 levels
as explained in Figure 1 (Chrissis et al., 20@3).reviewing literaturethe authors have
selected only a few BIM and Lean maturity models which are most relevant to the
context of this study.

2.2BIM MATURITIES

According toEast man et al . (2011, p. 16) ABI M i
creating, using, and sharing bud i ng i nf or mat iBlMnprovidesf neagyy c | e
benefits to the whole projects I|Iifecycle

d a
as

construction processo and thus this Aresul t

reduced project duratin 6 ( East man et al ., 2011).

Even though, BIM provides many benefits, to gain the true benefits of its adoption,
individuals along with organizations should have the right knowledge to first use it and
then to assess their performance of its usage (Smdsk, €2016). Additionally, due to
different size and/or project types of companies, the BIM implementation level in
organisations vary from one to another. Therefore, organisations need to consider the
importance of adopting BIM maturity models and assesgésnbased on the current
available BIM maturity assessments (Chen et al., 2014; Succar, 2009).

There are many different BIM Maturities. Nevertheless, Mosthefcurrent BIM
maturitiesfollow the CMMI, sinceit is more relevant and related to the backgrbof
BIM than rest of thematurity types (Aboumoemen & Underwood, 2017, Dakhil &
Alshawi, 2014) Bilal Succar (2010) defines BIM maturity as a state of the quality,
repeatability and degree of excellence of a BIM model within a BIM capalslitgcar
devdoped a ranking system, nameéByilding Information Modelling Maturity (BIMM)
that incorporates the essential parts for delivering BIM applications through an
operational process. Several models have been developed by Industry practitioners and
academicsd assess construction industry&@e Bl M
and Issa, 2013; Nepal et al., 2014; Succar, 20BN maturities are developed to
measure efficiency of BIM competencies and capabilities across a set of construction
industries (AAoumoemen & Underwood, 2017).

A discussion on a selection of BIM maturity assessments is presented in this section.
Since there has been a vast variety of BIM maturity assessments, the researchers have
selected the two main ones that are more relevaheiondntext of this paper.
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2.3.1Bilal Succar BIM M aturity Matrix Index

The BIM Maturity Matrix Index (BIMMI) has been developed by Succar (2009) that is
driven from the CMM. BIM framework components are combined on an information tool
through performancienprovement measurements, which justifies reason for development
of the BIMMI. BIM Maturity levels can be demonstrated from Fig2tgelow.

a b C d e

technology, process technology, process technology, process technology, process
and policy areas 1a and policy areas 1b and policy areas 1¢ and policy areas 1d

@ w w ® 6

AD-HOC DEFINED MANAGED INTEGRATED OPTIMIZED
maturity level maturity level maturity level maturity level maturity level

Figure2 - The Five Maturity Level¢Succar, 2009)

2.3.2The U.SNational I nstitute of Building SciencesBIM Model (NIBS)

The U.S National Institute of Building Sciences (NIBfveloped thénteractive BIM
standard Capability Maturity Model (CMMWwhich incorporates areas of a BIM model
such as Data richness, and the information related to its area of infenesighting
importance is provided to each area of interest to distinguish them, which are classified
consequently. A description of the maturity level is given to understand what they mean
so the users expected to complete the assessment are to sehectegsary levels, and
then a score is given to each interest area that adds up to deliver the total sum of the
maturity level. A certification level is demonstrated and points required to be achieved is
displayed which allows organisations to see whichunity levels they fall under, where

if it did not reach the minimum level, then how many points are required to reach the
required leve(NIBS. 2007)as shown in Figure 3.

Area of Interest
Data Richness % Dazta Plus Exparded Information

4.2

Life-cycle Views % Add Corstuction’ Supply 25
Change Management __ % Limited Awareness 2.7
Paria Plan, Design&Coastr Su 4.2
Sorre Bus Process Collect In‘o 2.7

Data Cals Not 11 BIM But Most Other Data Is 2.7
Limited Web Erabled Services 4.6

3D - Intelligent Graphics 65
Basic_Spatial Lecation 1.9

Infor: acy 5% Lirrited Srounc Truh - Int Spaces 29
Interoperability/ IFC Support % Mos: Info Transfers Between COTS 4.8

Credit Sum 40.0
Maturity Level Minimum BM
ADMINISTRATION Points Required for Certification Levels
Low High
40 499 Minimum BiM
50 599 Minimum BilM
60 59.9 Certified
70 79.9 Silver
80 89.9 Gold
90 1€0 E _Platinum.
Remaining Points Required For:| Certified I 20.0 \

Figure3 - Relation of Interactive model, and points required (NIBS. 2007)
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3.1LEAN MATURITY

In the past 20 years, the construction industry has recognised the importance of adopting
new approaches and principles to reduce waste and thus improve overall project
productivity and performances (Egan, 1998; Latham 1994). Lean goiistr is

recognised as one of the key approaches to improve the construction productivity by
reducing waste (Egan, 1998; Mollasalehi et al., 2016). It was stated by Lehman & Reiser

(2004) Al ean construction I S a prtonp ect del
Management process, which is aimed at improving value by satisfying customer needs
and i mproving performanceo. However, to und:¢

to achieve its true value, organisations need to measure and assess their lean
implementation performances. This could be done through Lean maturity assessments
and models. In recent years there is an increased level of interest in lean maturity models
(Becker, et al., 2010).ean Maturity models aim to manage the major revolution gésn

by definingdirections, prioritising improvement opportunities, and guide cultural changes
(Nesensohn, et al., 2014). Based on the review of Lean maturity assessménsuy
(2015, there are different types of Lean maturity assessments which adfepéend
approaches to assessing Lean maturity. These studies include: Lean Enterprise Self
Assessment Tool (LESAT) hyightingale& Mize (2002), Lean Production chetikt by
Sanchez & Pérez (2001), Lean Construction Maturity Model (LCMM) by Neseretohn

al. (2014), Lean Manufacturing Performance Evaluation Audit by Donovan (2015), and
Lean Index by Rayet al (2006). Based on the above mentioned studies, two Lean
Maturity assessments have been chosen in this paper which are most relevant in this
context.

3.1.1 Lean Enterprise SeHAssessment Tool (LESAT)

Massachusetts Institute of Technolo@WlT) assessment tool is one of the broadest

system in business level inventedy fiLean Aer o Nglingale & Mizet i at i ve
2002. As a supporter for MIT asssment tool, Enterprideesvel Roadmap as shown in

Figure 4, was developed to complete ovenadbcess of lean implementatioBntry/Re

entry cycle, Long Term cycle, andShort Termcycle are the main activities ithe

trarsitionroad map whiclsupportieantransformation.

Entry/Re-entry Long Term Cycle
Cycle
Focus onthe Dwolq) Lean Structure &
oo :> I |:>
*Map Value Stream +0rganze lor Lean
gm Vision ‘“ ‘"‘ “intemal ze Vision MHM Implementation
ey *Set Goals & Metrics |dentify & Emy r Chant
Urgency sion identity & Invelve Key Vi Mam,: IS
tgmr Lean Stakehclders *Align Incentives
aming oA Strnuctune & Ct
ke the + dept = Syt
Commétment Environmental Lean
«Obtan Seier Corrective i B TR et
Mgmt. Buy-in Action Indicators Detalled Framework
Fournon Continuous  corrective Action Create & Refine
o o™ G o ren
Decislion to B TR T = “dentity & Prioritze Activities
Pursue ‘Refinathe Plan «Commit Resoutces
Enterprise \Capture & Adopt New A *Provide Education & Training
Transformation
Knoniedge + Ent
erprise
Enterprise Outcomes on Implement Lean Initiatives Level
Strategic Enterprise Q +Diewelop Detailed Plns Transformation
Planning Metries ~Implement Lean Activties Plan

Figure4 - Enterprise_evel Transition to Lean Roadmé@pightingale & Mize 2002),
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To complete the modeLESAT was proposed by LAI to support the modehere
were five maturity statements in the LESAT Maturity, ranging from legstlda (Level
1) to worldclass (Level 5) Nightingale & Mize 2002. Main characteristics of each

level hasheendescribedn Table 2 below.

Table2 - LESAT defined(Nightingale & Mize 2002

Maturity level

Definition

Level 1

Level 2

Level 3

Level 4

Level 5

Some awareness of this practice; sporadic improvement activities may be
underway in a few areas

General awareness; informal approach deployed in a few areas with
varying degrees of effectiveness and sustainment.

A systematic approach/methodology deployed in varying stages across
most areas,; facilitated with metrics; good sustainment.

On-going refinement and continuous improvement across the enterprise;
improvement gains are sustained.

Exceptional, well-defined, innovative approach is fully deployed across the
extended enterprise (across internal and external value streams);
recognized as best practice.

Although there are several models available for lemmagment, the completed
model isdeveloped byLean Aerospace InitiativeLAl) which clearly defins principal
activities and leading tasks as well as helpful enablers and instruribatanalysis of
Hallam (2003) indicatedhat, thirtyone UK and USA induses have implemented

LESAT. LESAT helpsthem to determine the current status of lean through an assessment
However
internal and external relations and strategic issues fronenterprise perspectiseA
template of LESAT Maturity matrix is shown in Figure 5.

process.

i ke mo st

asséssnmeneleson

Section, Group # and Group Name: Brief description of this Group number. In Section |, the Group is
one of the Primary Activities from the Transition-to-Lean (TTL) Roadmap
Diagnostic | 1.0 Generic questions regarding the performance of the enterprise relative to this Group of practices
Questions
Lean Capability Levels
£ Practices
Level 1 Level 2 Level 3 Level 4 Level 5
A specific lean | Statement Statement
practice describing little describing
associated awareness of this world-class
with this lean practice behavior for this
Group lean practice
Sound bit
phrase [c [p | [c o] [c o ]lc o |[c [p
Lean Outcomes and lean behaviors that an enterprise will exhibit as it proceeds on its Lean
Indicators transformation
Evidence Supporting data utilized in assessing the current capability level of the Enterprise on this lean
practice
Opportunities Inputs to plans of action to leverage opportunities or to move to the desired level of capability

Figure51 LESAT Maturity Matrix Template

3.1.2 Lean Construction Maturity Model

Lean Construction Maturity Model (LCMM) was developed based on the CMMI model
and its naturity levels. So, it comprises of five levels of maturity, 11 key Attributes, ad
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60 defined Behaviours, Goals & Practices with 75 Ideal Statements to measure the
maturity within organisations, which would provide essential support and guidance to the
lean adoption in organisations (Nesensattnal, 2014). Five maturity levels that are
shown in Figure 6 measure the deviation between the Ideal Statement and the current
state of the assessed organisation (Neserstohin 2014). Each maturity level is deéd

in Table--- which are used to assess the project.

. F
I
4-Challenging
Fintegraled
2-Systematic

1-Awakening

Figure 6- Maturity Levels of the LCMM

Table 3- Definition of the Maturity Levels

Maturity level Definition
0-Uncertain The Ideal Statement is hardly evidenced in action
1-Awakening General awareness exists and the Ideal Statement is
inconsistently evidenced in action
2-Systematic The Ideal Statement is systemically evidenced in action
3-Integrated The Ideal Statement is interrelated as a whole and happens
automatically
4-Challenging The Ideal Statement is status quo which is challenged to

improve further

3.1AN INTEGRATED BIM AND LEAN MATURITY MODEL (IDEAL)

BIM and Lean approaches provide many benefits to pojec many different ways

when impalement individually. However, the integration of these two approaches would
maximise the benefits and will result in better overall productivity and performance
improvements (Mollasalehi et al., 2016). As the construdtagustry is realising the
benefits of the interactions between these two approaches, there is an increased level of
adoption of these approachéogether Nlollasalehi et al., 2016Sacks et al., 20)0
Therefore, there needs to be an integrated matuotyehto assess the level of BIM and

Lean performances in projects that these two approaches have been implemented together.
This paper proposeanintegrated BIM and Lean Maturity Model which includes five

main stagess shown in Figure.This model is bsed on critical reviewing of BIM and

Lean maturity models which have been discussed in previous chaitech stage of

this maturity model, the maturity levels of BIM, Lean and integrated BIM and Lean are
defined. This integrated BIM and Lean Maturitfo d e | whi ch i s call ed
Maturity Model, not only considers the level of BIM and Lean maturities individually,
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but it also considers the maturity level of these approaches collectively todethbity,

by reviewing BIM and Lean maturity models seyaty, the authors extracted the main

features and beneficial aspects of each model. Then, based on the findings from
reviewing the maturity models and also the interaction between BIM and Lean
approaches, the IDEAL model was develodedch level in theDEAL maturity model

is described and defined in detail in relation to Figure 5 which can be demonstrated from

Table 4. Thi s | DEAL maturity mo d el woul d enhan
performances where BIM and Lean approaches are implemtegetther Therefore, the

performance of these two approaches would be analysed and assessed to better realisation

of their benefits.
BIM and Lean are fully integrated t;e;\h
ensuring continuous improvements

A good understanding ;;\

interactions of BIM and Lean

and their potential benefits An advanced level of
integration between BIM

and Lean approaches

A basic awareness of benefits
@rﬁted BIM and Lean

No interaction of
BIM and lean

o s s
A ED I ID XD,

Figure 7- IDEAL Maturity Model
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Table4 - Definition of the suggested IDEAL Maturity Level
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