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Abstract

This paper investigates the Maturity level of applying BIM in the Egyptian construction industry. Despite the limited
researches to measure BIM maturity in the Egyptian AEC environment, this study demonstrates practical operations of
BIM in Construction Projects in Egypt. A methodical frame was adopted to study the most common BIM maturity models in
particular, the models were derived from literature review of relevant researches worldwide. This study concentrated on the
idea of maturity not the capability. Therefore, only maturity models were considered. The Capability is on the organization
scale, while maturity is concerned with the project scale. Moreover, the Macro-Level of BIM maturity model was investigated
to determine the characteristics of BIM maturity in Egypt. BIM implementation inside the organizations either public or
private, firms, contracting companies, projects, and the maturity of this BIM implementation, the revealed that the maturity
level for the projects and even for the organizational scale is medium-low. It is clear that BIM has gained increasing
acceptance and dissemination within the Egyptian AEC industry. The maturity of the BIM models that carried out for this
research, the sample size, and the data gathering mobility, are the main limitations of the study. It was also concluded that
Strategy for Implementation BIM inside the organizational scale in Egypt is a critical step. Organizations should have an
external party as an expert in outlining the procedures that need to be performed and policies that should be implemented to
build a BIM implementation plan within the organization.

Keywords: BIM Maturity Levels, Construction Management, BIM Implementation and Diffusion, Maturity of BIM Implementation

1. Introduction

Building information modeling (BIM) has demonstrated its
ability to tackle key AEC industry challenges during the last
decade. Internationally, there is a growing number of standards,
software solutions, research, conferences, publications, and
committees devoted to BIM as a new data-driven decision
culture for the whole AEC sector. Following the success stories
of BIM, we can state that there is a global agreement about BIM
as the future of AEC industry practice, although applying BIM
is still in progress and varies by nation. BIM, as a new project
management tool, is, in reality, an information management
tool throughout the project life cycle, and in order to achieve
this main project's objective, BIM is based on the concept that
there is always one source of truth for all information among
the stakeholders and throughout the life cycle of a construction
project.

To begin with, the BIM implementation process is a marathon,
not a sprint. This indicates that because there is a danger of faulty
implementation, BIM installation takes time for each project,
organization, or even industry in any country. The aim of current

research is to evaluate BIM deployment in the Egyptian AEC
industry. To assess the BIM implementation at the Egyptian AEC
industry level for projects, organizations, and industry levels.
BIM maturity is a measurement tool for BIM implementation.
Starting establishing maturity models for managing the BIM
implementation dated back to 2007 for capability maturity
model. With the evolution of BIM, a lot of models were revealed
and developed to align with the new implementation areas BIM
incorporated. The importance of measuring BIM maturity is
critical because BIM maturity is regarded as a benchmark tool
for assessing the degree of BIM implementation on a project, in
an organization, or across a region [1].

1.1. The Objectives of this Research are

* Conceptualize what is BIM maturity and the benefits achieved
at a high level of BIM maturity.

* Identify the developments of international BIM maturity
studies.

* Identify the current international models of BIM.

* Investigate the best fit BIM maturity models in the organization,
the project, and the industry level within the Egyptian AEC
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industry.

2. Literature Review

BIM has become the ‘game changer’ for the construction
industry. Recently, increasing research has been conducted
to assess the maturity of BIM implementation. Through
investigating the available maturity models in the previous
studies, this research aims to evaluate and select the most
appropriate model for evaluating BIM maturity level on the
scale of projects, organizations, and the entire AEC Egyptian
industry. This research will use these Key terms and concepts
regarding BIM maturity [2].

A) Adoption

A single construct combines the concepts of implementation and
diffusion, Implementation is considered a three-phased approach
combining;

* An organization’s readiness to adopt; Organization’s capability
to perform, and performance maturity.

* Point of adoption: This point separates four sequential stages
of capability (i.e., pre-BIM, modeling, collaboration, and
integration). It denotes the capability progress between different
capability stages.

» Adoption benchmark: Applying special models and tools to
assess and compare macro-BIM adoption systematically across
different countries.

B) Diffusion

Diffusion represents the spread of the system/process within a
population of adopters.

C) Implementation

The set of activities undertaken to prepare, deploy or improve
specific deliverables (products) and their related processes:

e Readiness: The pre-implementation status represents
the tendency of an organization to adopt BIM techniques,
workflows, processes, and protocols. It is articulated as the level
of preparation, the potential to participate, or the capacity to
innovate.

* Capability of the abilities gained during the implementation of
BIM tools, workflows, and protocols. It is attained through well-
defined evolutionary stages (object-based modeling, model-
based collaboration, and network-based integration) separated
by many evolutionary steps.

e Maturity: The gradual and continual development in quality,
repeatability, and predictability within obtainable capabilities.
D) Macro

An Organizational Scale representing large collections of
organizational operating adopters within a defined national
border.

E) Policy

A course or principle of actions approved or planned by a
policymaker.

F) BIM Policy Development

The set of activities undertaken by a policymaker within a
defined market to encourage the implementation of BIM tools,
processes, and protocols.

2.1. Maturity Definitions

The Total Quality Management movement gave birth to the
concept of process maturity when statistical process control
(SPC) techniques were applied and it was discovered that
increasing a technical process's maturity reduces inherent
variability and raises the process's mean performance [3]. Being
fully developed or having achieved the peak of development is
the definition of maturity. Numerous scholars have attempted to
define maturity through various approaches, with a few of the
definitions being as follows [4].

» Maturity is "the extent to which a specific process is explicitly
defined, managed, measured, controlled, and effective,"
according to Paulk et al. Maturity denotes the ability to expand
in capabilities and shows how well-developed an organization's
process is as well as how consistently it is used in projects across
the whole organization.

* According to Appleby et al. an organization's maturity can be
defined as "a comparative level of advancement about any given
process or set of activities." Mature organizations are those that
have well-defined and frequently utilized policies, standards,
and procedures. 2008's PM Solutions [5].

It is clear from the aforementioned definitions of maturity that
task perfection, not capability, is a prerequisite for maturity.
The real results surrounding targeted results become less
unpredictable as maturity increases. For example, in a young
organization, there is a lot of variation and unpredictability in
the delivery times of projects with comparable sizes [4].

2.2. Theoretical Framework

This theoretical framework is intended to investigate prominent
approaches for evaluating BIM implementation across project,
organization, and country scales.

2.2.1. BIM Maturity Classifications

The two most common BIM maturity category levels are as
follows:

* Bew-Richards’ BIM maturity levels 0, 1, 2, and 3. As shown
in Figure 1.

* The Succar descriptive BIM maturity levels a; b; ¢; d and e as
shown in Figure 2.
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Figure 1: The BIM Maturity Model by Mark Bew and Mervyn Richards [1]
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Figure 2: BIM Maturity Levels [6]

2.3. BIM Maturity Definition

Applied at all organizational scales, the framework outlines five
basic stages of maturity: Initial, Defined, Managed, Integrated,
and Optimized. Levels show how maturity levels go from lower
to higher and indicate; [6-10].

* Increased predictability and forecasting of achieving cost,
time, and performance objectives;

* More efficacy in achieving established goals and setting new,

more ambitious ones [11-14].
* Improved control as a result of fewer deviations between
performance targets and actual results.

2.4. BIM Project/Organization Maturity Evaluation Models
Recap

The following table 1 illustrates different maturity evaluation
models.
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evaluation farget  |projectorganization  [project/organization  [project/organization  |projectforganization  [projet project organization organization

Table 1: Main Characteristics of Each Model [15,16]

2.5. Research Scope

This research aims to measure the BIM maturity level, (not the
capability), and this is a trend in a lot of business models; building
information modeling (BIM) is no exception; since adding value
to any business model will be gained from the maturity of the
performance attributed to this model, not capability. The aim
this research is to investigate the present state of BIM in the
Egyptian AEC industry. How does the Egyptian AEC industry
engage with BIM as a worldwide AEC innovation; by answering
the following two questions?

* What are the areas of BIM adoption the Egyptian AEC industry?
* How excellent and high-quality is this implementation?

The BIM maturity level may be utilized to study this interaction.
The construction industry is project-based; evaluating projects
within this industry will reflect considerably the entire
status of this industry. Technology, process, policy, people,
and information are the most interesting areas or maturity
dimensions frequented in all the BIM maturity models. Process
and information are the top two dimensions. At the organization
level measuring maturity level metrics for capability stages and
maturity levels are used. They can be used for pre-qualification;
implementation strategy and process improvement evaluation
within the organization. At the project level measuring maturity
level metrics are used for performance metrics. They can be used
by employers to match team capability and capacity to project

requirements. At the industry-level metrics of macro maturity
are used for assessment; comparisons; development of adoption
policies and roadmaps. These support governments; academia
and industry bodies.

2.6. Problem Statement

Based on the existing research on BIM dissemination in the
Egyptian AEC business, it can be concluded that BIM has
already spread among people and AEC firms. In this dispersion,
there is no uniform standard practice; either there isn't one, or
international norms are outsourced. The nature of Diffusion can
be considered as market pressure and diffusion of innovation
model which align with the model of BIM diffusion according to
Succar, refer to Figure 3. Macro-Diffusion Dynamics model V1.1.
It diffuses among small and medium-sized organizations with
bottom-up middle-out mechanisms of diffusion and normative
and mimetic types of pressure without top-down mechanism
from the government up till now and no coercive or mimetic
type of pressure [17-20]. According to the current state of BIM
implementation in the Egyptian AEC industry, it is critical to
assess the capability and maturity of BIM as a tool for assessing
and managing BIM implementation and developing a roadmap
for the next step. Both national authorities and all other parties
participating in the implementation of BIM should carry out this
task. A nation's BIM maturity eventually reveals what has been
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accomplished, what is still missing, and what can be learned
from other nations. This is due to the fact that organizations
are more likely to improve their organizational capabilities the
more informed they are of the maturity of essential company
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procedures. The author's extensive research articles were revised
and used in the preparation of this study to find out any relevant
efforts for this concern [21-26].
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Figure 3: Macro-Diffusion Dynamics Model V1.1

2.7. Model Development

According to the brief discussion above, our area of concern
in this research is measuring BIM maturity level for project
and organization scale. According to the literature review and
focusing on the concept of maturity three models were selected
for the purpose of measuring BIM maturity:

N

£
« Coa TN

G

1- BIM maturity measure model for project scale [27-30].

2- Organizational BIM assessment model for organization scale
[30-32].

3- The Macro-Maturity Components model as shown in Figure

Figure 4: The Macro-Maturity Components Model [11].

3. Research Method
This study was conducted using a quantitative and qualitative
method, which complement and strengthen each other. The

primary goal of this research is to assess the level of BIM
maturity in the Egyptian AEC industry, as well as the key
areas of BIM implementation and the degree of excellence in
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those areas. Starting with data gathering, the study flow relies
on a literature evaluation connected to BIM maturity models,
with the most suited model for the project's and organization's
scale. Considering Model B: macro-maturity components,
which assess the common properties of BIM within a country.
Two questionnaires are designed, the first one is the expert
questionnaire which measures the macro-maturity components
and the second one is the survey-based questionnaire which
measures the organization/project scale BIM maturity. An online
questionnaire was distributed targeting the selected respondents
finally, statistical methods were utilized for analyzing data
collected from the two questionnaires to identify the BIM
maturity level quantitatively [33-37].

3.1. Data Analysis

This section aims to analyze the data gathered from two
questionnaires prepared for the maturity of BIM in the Egyptian
AEC industry. The objective of this research is to explore how

the Egyptian AEC industry interacts with BIM technology, and
measuring the maturity level of BIM will achieve this goal.
Analyzing gathered data statistically is the first point to extract
information about BIM maturity level in the Egyptian AEC
industry [29,38-40].

3.2. Statistical Procedures for Research
In this segment, psychometric, demographic, and descriptive
characteristics of the study will be executed.

3.2.1. Psychometric Analysis of Study

For the two questionnaires:

* Expert Questionnaire (Macro-BIM Maturity Model)

The output of the analysis is represented in the table (2). The
table shows the values of internal consistency validity Pearson's
correlation coefficients and the reliability coefficients of Alpha
Cronbach, Spearman, and Guttmann.

BIM Maturity Level in the Egyptian AEC Industry Dimension
Correlation Coefficient Paragraph Number
0.845%* 1

0.535%* 2

0.907** 3

0.766** 4

0.512%* 5

0.825%%* 6

0.879%* 7

0.706** 8
Guttmann® Coefficient 0.909
Spearman-Brown Coefficient 0.909
Alpha Cronbach Coefficient 0.888

Table 2: Pearson's Correlation Coefficients Between Terms/ Axes/ the Overall Score of The Scale the Reliability Coefficients

* Organization/Project Model
A) Internal consistency validity: As shown in the table.3 below.
B) Scale reliability: As shown in table 4 below,
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Part 1: BIM Maturity Organization Scale

Infrastructur
Personnel es Information Process BIM Uses Strategy
Correl | parag | Correl | parag | Correl | parag | Correl | parag | Correl | parag | Correl | paragr
ation | raph | ation| raph| ation| raph| ation| raph| ation| raph| ation aph
Coeffi | numb | coeffic | numb | coeffic | numb | coeffic | numb | coeffic | numb | coeffic | numbe
cient er ient er ient er ient er ient er ient r
**0.80 **0.88 **0.86 **0.93 **0.93 6 **0.76 .
4 16 8 13 5 10 4 8 6 8
**0.83 **0.86 **0.89 **0.93 **0.92 **0.82
1 17 9 14 1 11 8 9 2 7 5 2
**0.86 **0.87 **0.86 **0.78
1 18 |1 15 |0 2 - ) 1 :
**0.84 | 19 - - - - **0.82 | 4
5 9
**0.80 - **0.85 | 5
9 20 - - - 6
Scale
*%(.92 **(.89 *%(.87 **(.90 *%(.81 **0.90 | correl
9 3 8 1 8 4 ation

Part 2: BIM Maturity Project Scale

Correlation Coefficient | Paragraph Number Correlation Coefficient | Paragraph Number
**0.689 14 **0.738 1
**0.805 15 *%0.742 2
**0.746 16 **0.789 3
**0.810 17 **0.657 4
**0.788 18 **0.769 5
**0.665 19 **0.787 6
**0.783 20 **0.761 7
*%0.742 21 **0.743 8
**0.529 22 **0.708 9
*%0.594 23 **0.656 10
**0.563 24 **0.778 11
**0.553 25 **0.713 12
*%0.500 26 *%0.732 13

Table 3: Pearson's Correlation Coefficients Between Terms and Axes and the Overall for the 2 parts of the 2" Questionnaire
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Getman Spearman- Alpha Number of | Part 1: Number of
Coefficient Brown Cronbach Paragraphs Paragraphs
Coefficient Coefficient ‘
0.833 0.861 0.871 5 Strategy
0.839 0.842 0.839 2 BIM Uses
0.859 0.859 0.859 2 Process
0.762 0.878 0.838 3 Information
0.726 0.854 0.847 3 Infrastructures
0.869 0.894 0.887 5 Personnel
0.964 0.965 0.963 20 the scale
Getman Spearman- Alpha Number of Part.2: BIM Maturity
Coefficient Brown Cronbach Paragraphs Project Scale
Coefficient Coefficient
0.972 0.974 0.959 26 Project Scale

Table 4: Reliability Coefficients of Alpha Cronbach, Spearman, and Guttmann for the 2 Parts of the 2nd Questioﬁnaire
3.2.2. Demographic Analysis of Study
* Expert Questionnaire (Macro-BIM Maturity Model)

As shown in Figure 5, the Distribution of responses according to Organization type, Job designation and to Industry type are
illustrated.

BINM Manager

Senior design 58y

Edu;;ﬁon University Assistant manager
55 Professor and Professor 3%

Subcontract

Contractor Project/Const
ang ruction
manager
4%
Project
engineer
o%
Designer/Archi
tect
18%
o Job designation
\_ organizstion type AN v
s Computation Design, A
) and coordination
Enwmnmental and full
Design Developer backage of
4% shop drawings
5%
Industrial
9%
Infrastructure
434
Industry type
A vy

Figure 5: Distribution of Responses According to Organization Type, Job Designation and to Industry Type

3.3. Survey-Based Questionnaire (Organization/Project Model)
The Distributions of responses according to Project type, Organization type, Project investment attributes, contracting mode and
BIM application mode are illustrated in Figure 6.

Ann Civ Eng Manag, 2024 Volume 1 | Issue 1 | 8



Project tvpe

Project investment attributes

R
- =L s S
g B & 3 3 eE B ‘g Q&d' e f f‘*’ o P
p 8 E'%" : u gd"? _ﬁ'ﬁ o baa'ﬁ .9-&“#
I = y
4 £s 3 “ e e
£ ¥ N
contracting mode Bim application mode
. =
Fal Sliora he=s Srrall imicre redium Large [more
lessthancr moredhan?  more hanéd  mare than 9 tham ar than 1Dt imore than than 2500
ecual 2 years  to 6 pean oS yeans years equal 10} 50 p 50 to 2500 |

Figure 6: Distribution of Responses According to Project Type, Organization Type, Project Investment Attributes, Contracting

Mode and BIM Application Mode

3.4. Descriptive Statistical Analysis of Study

* Expert Questionnaire (Macro-BIM Maturity Model) as shown in figure 7, table 6.
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Figure 7: Model B — Macro Maturity Components

Medium | Mediuym | Medium | High Std.
Paragraph Lo € . Mean Rank
" |Low High Deviation
BIM Objectives, | Frequency |2 3 8 5 4
Stages, and 327 ]1.202 2
Percent 9.1 13.6 36.4 22.7 18.2
Milestones
Champions and | Frequency |2 7 5 7 1
291 1.109 3
Drivers Percent 9.1 31.8 22.7 31.8 4.5
Regulator Frequenc 6 4 6 3 3
8 Y 1 Y 2.68 | 1.393 6
Framework Percent 27.3 | 18.2 27.3 13.6 13.6
Noteworthy Frequency |5 5 7 5 0
2.55 | 1.101 8
Publications Percent 22.7 | 22.7 31.8 22.7 0
Learning and | Frequency |4 6 5 5 2
2.77 | 1.270 5
Education Percent 182 | 273 22.7 22.7 9.1
Measurements | Frequency |6 3 7 6 0
and 2.59 | 1.182 7
Percent 27.3 | 13.6 31.8 273 0
Benchmarks
Standardized Frequency |3 7 5 4 3
Parts and 2.86 1.283 4
Percent 13.6 | 31.8 22.7 18.2 13.6
Deliverables
Technolo Frequenc 2 4 4 10 2
By 1 Y 327 | 1.162 1
Infrastructure Percent 9.1 18.2 18.2 45.5 9.1
General Average | 2.86

Table 6: Arrangement of the Paragraphs of the Scale in Order of their Importance

3.5. Survey-Based Questionnaire (Organization/Project Model)

3.5.1. Part 1: BIM Maturity Organization Scale

In order to develop the findings of the current study, this paper analyzed the scale item outcomes and arranged the items for each axis
in the table.7 according to relative importance:
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Non- Quantita Std.
Initi | Mana | Defin Optimi Ran
1- Strategy Exist tively Mean | Deviati
al ged ed zing k
ent Managed on
Frequ
2 12 13 17 15 16
Organizational ency
3.05 1.460 1
Mission and Goals | Perce
2.7 16.0 | 17.3 22.7 120.0 213
nt
Frequ
2 13 20 20 4 16
BIM Vision and | ency
2.79 1.445 3
Objectives Perce
2.7 173 126.7 267 |53 21.3
nt
Frequ
4 13 16 18 9 15
Management ency
2.80 1.516 2
Support Perce
53 17.3 | 21.3 240 |12.0 20.0
nt
Frequ
6 15 17 15 4 18
ency
BIM Champion 2.67 1.639 4
Perce
8.0 20.0 | 22.7 200 |53 24.0
nt
Frequ
7 13 17 14 12 12
BIM Planning | ency
. 2.63 1.566 5
Committee Perce
9.3 17.3 | 22.7 18.7 |16.0 16.0
nt
General Average 2.79
Ma
Non- Quantitat Std.
na | Defin Optimi | Me
2- BIM Uses Existe | Initial ively Deviat | Rank
ge |ed zing an
nt d Managed ion
Frequ
1 12 12 |17 12 21
Project ency 3.2
1480 |1
Uses Perce 16. 0
1.3 16.0 22.7 |16.0 28.0
nt 0
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Frequ
3 12 18 |20 16 6
operation | ency 2.6
1.305 |2
al uses Perce 24. 9
4.0 16.0 26.7 |213 8.0
nt 0
2.9
General Average 5
Non- Quantitat Std.
Initi | Mana | Defin Optim
3- Process Exist ively Mean | Deviat | Rank
al ged ed izing
ent Managed ion
Freq
uenc |7 14 13 9 18 14
Project
y 279 | 1.655 |2
processes
Perce
9.3 18.7 | 17.3 12.0 |24.0 18.7
nt
Freq
uenc | 6 17 8 18 7 19
Organizationa
y 280 | 1.685 |1
1 Processes
Perce
8.0 22.7 1 10.7 240 |93 253
nt
General Average 2.79
Non- Quantita | Opti Std.
Initi | Mana | Defin
4- Information Exist tively mizin | Mean | Deviat | Rank
al ged ed
ent Managed | g ion
Model Freque
7 12 18 14 16 8
Element ncy
259 | 1490 |2
Breakdown Percen
9.3 16.0 | 24.0 18.7 |21.3 10.7
(MEB) t
Level of | Freque
2 15 14 15 19 10
Development | ncy 2.85 1421 |1
(LOD) Percen | 2.7 20.0 [ 18.7 [20.0 |253 13.3
t
Freque
13 14 13 14 11 10
o ney
Facility Data 2.35 1.664 |3
Percen
173 | 187 | 17.3 18.7 | 14.7 13.3
t
General Average | 2.60

Ann Civ Eng Manag, 2024 Volume 1 | Issue 1 | 12



Non- Quantita
Initi | Mana | Defin Optimi Std. Ra
S-Infrastructures Exist tively Mean
al ged ed zing Deviation nk
ent Managed
Freque
3 9 22 16 5 20
ncy
Software 2.95 1.515 1
Percen
4.0 12.0 | 29.3 213 | 6.7 26.7
t
Freque
1 9 23 16 14 12
ncy
Hardware 2.92 1.323 2
Percen
1.3 12.0 | 30.7 213 | 18.7 16.0
t
Freque
7 10 17 13 19 9
Physical ncy
2.72 1.512 3
Spaces Percen
9.3 13.3 | 22.7 173 | 253 12.0
t
General Average 2.86
Non- Quantita
Initi | Mana | Defin Optimi Std. Ra
6- Personnel Exist tively Mean
al ged ed zing Deviation nk
ent Managed
Freque
Roles and 7 17 21 10 11 9
ncy
Responsibilit 2.37 1.514 5
Percen
ies 9.3 22.7 | 28.0 13.3 | 147 12.0
t
Freque
8 12 17 11 7 20
Organization | ncy
2776 | 1.723 2
al Hierarchy | Percen
10.7 | 16.0 | 22.7 147 193 26.7
t
Education Freque | 7 13 13 15 11 16 2.77 1.640 1
ncy
Percen
9.3 173 | 17.3 20.0 | 14.7 21.3
t
Freque
11 15 15 9 14 11
ncy
Training 244 | 1.678 4
Percen
14.7 120.0 | 20.0 12.0 | 18.7 14.7

t
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Freque
5 19 22 7 6 16
Change ncy
2.51 1.622 3
Readiness Percen
6.7 25.3 129.3 9.3 8.0 21.3
t

General Average 2.57

Table 7: Arrange the Paragraphs of the Dimension” Strategy, BIM Uses, Process, Information, Infrastructures, and
Personnel” in Order of their Importance

1- Strategy 2.79
2- BIM Uses 2.95
3- Process 2.79
4- Information 2.60
S-Infrastructures 2.86
6- Personnel 2.57
General Average 2.76

Table 8: The Average of all 6 Areas of Interest for Organization Scale

As shown in table (8) the average of all 6 areas of interest equals (2.76) which is considered as managed maturity or (medium-low)
maturity.

3.5.2. Part 2: BIM Maturity Project Scale
In order to develop the findings of the current study, this paper analyzed the scale item outcomes and arranged the items for each
axis in the table.9 according to the relative importance:

Quanti .
Non- ...+ | Mana | Defin | tatively O.pF1 Std.'
paragraph . Initial mizin | Mean | Devia | Rank
Existent ged ed Manag .
ed g tion
Client specific Frequency 6 8 0 27 11 12
BIM
requirements e.g.
Through an
employer’s Percent 19.0 253 0.0 36.0 14.7 16.0 272 | 1573 12
information
requirement
(EIR)
BIM design data | Frequency 10 26 0 22 0 17
review Percent 13.3 34.7 0 29.3 0 22.7 2.36 | 1768 19
BIM Execution Frequency 6 0 23 13 17 16 311 | 1457 4
plan (BEP) Percent 8.0 0 30.7 17.3 22.7 21.3 ) '
Project Frequency 17 12 20 11 5 10
procurement Percent | 227 | 160 | 267 | 147 | 67 | 133 | 2V [ 1647} 26
route
Common data Frequency 6 14 0 27 11 17
environment 2.99 | 1.598 5
(CDE) Percent 8.0 18.7 0 36.0 14.7 22.7
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Document/model | Frequency 4 23 0 17 12 19
referencing
version control Percent 5.3 30.7 0 22.7 16.0 25.3 2.89 1 1.705 8
and status
Marketing Frequency 13 23 16 0 10 13
strategy Percent 17.3 30.7 21.3 0 13.3 17.3 2.13 ) 1.766 25
Vlﬁual design Frequency 14 12 0 18 18 13 271 | 1.792 14
reviews(VDR) Percent 18.7 16.0 0 24.0 24.0 17.3
Open standards Frequency 16 0 24 0 20 15
deliverables Percent 21.3 0 32.0 0 26.7 20.0 2.71 1.807 15
BIM contractual Frequency 11 0 32 0 21 11
obligations Percent 14.7 .0 42.7 .0 28.0 14.7 271 1600 13
. Frequency 9 12 23 14 10 7
BIM champion =50 ot 120 | 160 | 307 | 187 | 133 | 93 | 2B |4 X0
. Frequency 6 0 17 26 1 25
3D Coordination 75 ot 8.0 0 | 227 | 347 | 13 | 333 | > |99 2
. Frequency 3 13 13 10 14 22
Drawings Percent 4.0 173 | 173 | 133 | 187 | 203 | >3 [ 1614] 3
Level of Frequency 1 13 0 25 23 13
information Percent 1.3 173 | o | 333 | 307 | 173 | T[] 1
/detail
Discipline model | Frequency 3 12 18 10 19 13
reviews Percent 4.0 16.0 24.0 13.3 25.3 17.3 2.92 | 1487 6
T Frequency 5 17 18 8 10 17
Visualization Percent | 6.7 | 227 | 240 | 107 | 133 | 227 | > | 152 17
4D (Construction | Frequency 12 15 14 17 0 17
sequencing) Percent 16.0 20.0 18.7 22.7 0 22.7 2.39 | 1731 22
5d (Quantity and | Frequency 8 23 17 6 10 11
cost) Percent 10.7 30.7 22.7 8.0 13.3 14.7 2.27 | 1.622 23
Links to design Frequency 16 0 30 0 21 8
analysis tools Percent 21.3 0 40.0 0 28.0 10.7 245 | 1.663 21
Handover to Frequency 6 13 14 17 17 8
contractor Percent 8.0 17.3 18.7 22.7 22.7 10.7 2.67 1 1473 18
Use in operations | Frequency 18 19 24 0 14
and FM. Percent 24.0 25.3 32.0 0 18.7 2151 1.799 24
Embedded data, Frequency 2 15 16 24 0 18
schedule and
specifications >> | - p o 27 | 200 | 213 | 320 0 240 | 270 | 14821 10
architectural
model
Embedded data, | Frequency 5 17 14 19 0 20
schedule and
specifications >> Percent 6.7 22.7 18.7 25.3 0 26.7 2.69 | 1.644 16
structural model
Embedded data, Frequency 5 10 16 26 0 18
schedule and
specifications >> Percent 6.7 13.3 21.3 34.7 0 24.0 2.80 | 1516 ?
mechanical model
Embedded data, Frequency 3 14 15 21 0 22
schedule and
specifications >> Percent 4.0 18.7 20.0 28.0 0 29.3 2.89 | 1.582 7

electrical model
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Embedded data, | Frequency 9 9 14 23 0 20
schedule and
specifications >> | Percent 120 | 120 | 187 | 307 0 267 | 270 | 16691 11
plumping model
General
2.68
Average

Table 9: Arrange the Paragraphs of the "BIM Maturity Project Scale" in Order of Their Importance

From previous results, the entire maturity level can be calculated
for the project scale within the AEC Egyptian industry which
equals (2.68) which considered as managed maturity or
(medium-low) maturity

4. Discussion of Findings

4.1. Expert Questionnaire (Macro-BIM Maturity Model)
The preceding table 6 makes this evident: the last ranking
(notable publications) has an arithmetic mean (2.55) and
a standard deviation (1.1101), whereas the first ranking
(technology infrastructure) has an arithmetic mean (3.27) and a
standard deviation (1.162).

4.2. Survey-Based Questionnaire (Organization/Project
Model)

4.2.1. Part 1: BIM Maturity Organization Scale

It can be observed from previous table 7:

* Strategy Items

i) The Organizational Mission and Goals ranking came in first
place with an arithmetic mean of 3.05 and a standard deviation
of 1.460, while the BIM Planning Committee rating came in last
place with an arithmetic mean of 3.63 and a standard deviation
of 1.566.

i) The value falls into the medium-low range on the scale since
it is evident that the dimension's overall mean has achieved its
value of 2.79.

* BIM Uses Items

i) In the first ranking (Project Uses) with an arithmetic mean
(3.20) and a standard deviation (1.480), in the last ranking
(operational uses) with arithmetic mean (2.69) and a standard
deviation (1.305).

i) As it is clear that the general mean of the dimension reached
its Value (2.95), the value is (medium-low) on the scale

* Process Items

i) The arithmetic mean of the organizational processes ranking
1s 2.80, with a standard deviation of 1.685. The arithmetic mean
of the project processes rating is 2.79, with a standard deviation
of 1.655.

i) As it is clear that the general average of the dimension reached
its Value (2.79), the value is (medium-low) on the scale

* Information Items

i) The Level of Development (LOD) ranking has an arithmetic
mean of 2.85 and a standard deviation of 1.421 in the first
ranking. The Facility Data ranking has an arithmetic mean of
2.35 and a standard deviation of 1.664 in the last ranking.

i) The result falls into the medium-low range on the scale since
it is evident that the dimension's overall average has achieved its
value of 2.60.

* Infrastructures

i) The arithmetic mean (2.95) and standard deviation (1.515) in

the first ranking (software) and the arithmetic mean (2.72) and
standard deviation (1.515) in the last ranking (physical spaces)
respectively.

i1) The value is (medium-low) on the scale since it is evident that
the dimension's overall average attained its value (2.86).

* Personnel

1) With an arithmetic mean (2.77) and a standard deviation (1.640)
for Education in the first ranking, and an arithmetic mean (2.37)
and standard deviation (1.514) for Roles and Responsibilities in
the last ranking.

ii) The value falls into the medium-low range on the scale since
it is evident that the dimension's general average has achieved
its value of 2.57%.

4.2.2. Part 2: BIM Maturity Project Scale

* The arithmetic mean (3.27) and standard deviation (1.329) for
the first ranking (Level of information/detail) and the arithmetic
mean (2.07) and standard deviation (1.647) for the last ranking
(Project procurement route) respectively.

* Given that the dimension's overall average has evidently
attained its value of 2.68, the value falls within the medium-low
range of the scale.

5. Conclusions

The goal of this research is to investigate the current state of BIM
in the Egyptian AEC industry. How the Egyptian AEC industry
interacts with BIM as an innovation in the global AEC industry.
Measuring the BIM maturity level can be used to investigate this
interaction by answering the following two questions:

1. What are the BIM adoption areas in the Egyptian AEC
industry?

2. How excellent and high-quality is this implementation?

Throughout the research chapters, from the introduction to
the literature review and empirical investigation, this research
clearly illustrates the BIM status quo in the entire Egyptian AEC
industry for both organization and project scale on the one hand
and macro BIM maturity model on the other and reflects the
BIM maturity level within the AEC Egyptian industry, and it can
be concluded that:

1. The maturity level for both organizations and projects in the
AEC Egyptian industry is medium-low; this is an intuitive result
because the maturity level of the organization is the foundation of
the project level. Only when organizations have the competence
of BIM planning, highly qualified BIM skill, an excellent BIM
training environment, and other BIM adoption capacity could
indeed they deeply use BIM in projects successfully.

2. It is evident that BIM is becoming a more widely accepted
innovation in the Egyptian AEC industry based on the project
scales, the sections of the organization where BIM is being
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implemented, and the maturity of this BIM implementation.

3. Organizations and projects are attempting to integrate BIM
in many areas of their workflow; this is seen in questionnaire
responses for organization and project scale for non-existent
items, in general, is the lowest proportion.

4. The majority of BIM-implemented projects are owner-driven,
reflecting the role of project owners in integrating BIM inside
their initiatives, whether public or private.

5. Strategy for Implementation BIM inside the organizational
scale is a critical step. Organizations should have an external
party as an expert in outlining the procedures that need to be
performed and policies that should be implemented to build a
BIM implementation plan within the organization.

Recommendations

Based on the findings of this study, and to improve BIM maturity
in the Egyptian AEC industry, a series of recommendations has
been produced, which should be followed by all parties involved.
* Because, as described in this thesis, implementing BIM is a
marathon effort rather than a sprint, starting with the classic
kind of workflow and gradually transitioning to the new BIM
type is recommended to avoid BIM implementation failure.
And it is from this perspective that government and public-
sector organizations should think about implementing the BIM
paradigm.

* Egypt is on its approach to integrating BIM-based technology
and procedures into its thriving building industry. Based on the
conclusions of this study, various areas should be prioritized to
maintain this positive trend.

* Adoption of BIM on a national basis should go through three
stages (readiness, capabilities, and maturity). This implies that
forcing BIM use in public projects is not conceivable, and the
infrastructural needs for BIM (hardware, software, internet, etc.)
are not yet complete.

* Create a national council to oversee the AEC industry's digital
transition. This council's main task is to easily transition the
present kind of workflow in the Egyptian AEC industry to a new
digital one that meets international standards.

* Encouraging manufacturers and suppliers to supply digital
libraries for their BIM products to be utilized in the design
and construction stages, under the supervision of the national
council. And this will make BIM implementation and maturity
in the Egyptian AEC industry much easier.

* Adopting worldwide BIM standards in the Egyptian AEC
business would encourage foreign AEC companies who use BIM
to invest in Egypt, which will improve BIM maturity overall.

» With the help of industry players, create a time frame roadmap
for BIM implementation. Over time, the roadmap should
incorporate the minimal BIM needs.

* It is necessary to clarify the legal ownership of collaborative
digital models. Provide bidders with BIM methodologies for a
cost estimate to reduce quantity fluctuation.

* During the transition between these stages, more focus should
be made on BIM competency assurance.

* Invest in the company's technology infrastructure and staff
training. To encourage cooperation and communication within
the project team, make any necessary changes to the company's
business or discipline structures.

* BIM objects for manufacturers' and suppliers' items should
be provided to the design team for use in building analysis and

simulation.

* Create 3D Content Libraries to Aid the Project Lifecycle
Supporting the full project lifecycle will be the most potent
future use of BIM. As a result, 3D BIM material that will be
relevant to stakeholders from design to facilities management
and replacement must be generated.

* BIM stands for Building Information Modeling. By connecting
these viewpoints, we can bridge the gap between subsectors and
promote interdisciplinary BIM adoption in projects.

* A multi-level framework for organization BIM maturity
evaluation should be established to give a standard approach to
BIM maturity assessment at the industry level. The framework
should specify a wide variety of BIM abilities that are necessary,
as well as measures for evaluating them. A universal framework
level should apply to all disciplines in the construction industry
and be adaptable to unique companies.

* The final recommendation to organizations in the construction
industry is to officially standardize activities, responsibilities,
processes, and procedures in light of the BIM methodologies
that have been used. As a result, BIM procedures will be more
reliable and consistent, and organizational learning will be faster.
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