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Abstract. Building information modelling (BIM) has become an efficient tool to contribute more 

effectively to achieving sustainability development goals. BIM utilities have progressively 

revealed efficient environments to share data amongst stakeholders. The present paper aims to 

evaluate levels of awareness around BIM capabilities amongst engineers and project managers, 

focusing on the Saudi Arabia construction industry. The study targeted individuals registered 

with the Saudi Council of Engineers until the year 2020, who were invited to engage with a 

questionnaire survey. The study targeted individuals registered with the Saudi Council of 

Engineers, who were invited to engage with a questionnaire survey. A sample of 940 participants 

was taken by the survey out of a total population of the study of 55776 engineers whose responses 

materialised in a robust statistical analysis. According to the survey, 61% (circa 572) have 

developed awareness of BIM, whereas 39% (368) confirmed that they had never heard of it.  A 

descriptive Statistics framework with the aid of SPSS has been developed to complete the 

statistical study. Analyses of data indicated that the benefit of using BIM is significant in the 

broad sustainability realm, Life Cycle Cost (LCC), operations and maintenance, efficient use of 

energy, daylight analysis, thermal design, and transparency in cost. 
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1. Introduction 

During the past few years, the construction industry has experienced rapid growth, and the trend is 

expected to continue. This growth requires infrastructure to cover the needs of all sectors of society, 

which has inevitably had a significant environmental impact. Current statistics show that approximately 

40% of the primary energy is used in the construction sector, and 80% of the energy is used in building 

operation [1] which identifies the construction industry as a major source of greenhouse gas emissions 

reaching approximately 36-38% globally [2].  

 

On the other hand, the Saudi Arabian economy growth recorded during the first decade of the twentieth 

century has encouraged investments in construction. As reported by [3], Saudi Arabia's government has 

increased the productivity of the construction industry trough housing and infrastructure development, 

while sustainability of buildings is highly dependent on material’s efficiency, as reported by [4]. There 

is therefore an increasing pressure on building owners to ensure their buildings are sustainable and 

compliant with building standards. Standardisation of procedures for ensuring sustainability is 

challenging due to the unique design and nature of each building. This has required the adoption of BIM 

for integrating aspects of sustainability in economics, the environment, and society. 

 

Building Information Modelling (BIM) has contributed to shape modern construction. It allows 

architects and engineers to digitally blueprint buildings and effectively allocate resources. In BIM, the 

entire project life cycle can be visualised from the planning and construction stages to demolition and 

renovation, which enables integrating quantity estimation and quantity take-offs, modelling, budgeting, 

time planning, programming, and site analysis. BIM can thus assist with the planning, coordination, and 

design, and inform further documentation for procurement and tendering [6,7,8]. This holistic approach 

stimulates safe construction activities by enabling identifying possible errors before works on-site begin. 

This minimises costs, increases productivity, and enables managing financial and legal risks [9,10,11]. 

These attributes have been highlighted by researchers [12] who state that BIM’s virtual environment 

allows implementing geometric and spatial and geometric information from various sources, including 

properties of building components, that inform costs estimation inventory and schedules required for in-

depth planning and executing of construction. Its core functionalities enrich with 3D rendering, 

fabrication, collision detection, and forensic analysis through graphical illustration.  

 

This study aims at evaluating BIM adoption and acceptance levels in Saudi Arabia, based on a 

questionnaire survey that captures opinions of Saudi engineers. The study extends to quantify 

knowledge and awareness contractors on those benefits and importance of BIM with regards to enhanced 

sustainability required to tackle global challenges nowadays. 

 

2. Literature Review  

The construction industry, as other productive sectors have benefitted from technological advancement 

that have led to development in terms of automation and digitalisation, which has increased productivity. 

It is thus intended to analyse the literature on the adoption of BIM in the construction industry as well 

as highlight advantages and challenges that project managers face when implementing BIM 

technologies in Saudi Arabia. 

2.1. Concept of building information modelling (BIM) 

BIM enables virtual modelling in the digital construction of buildings through graphical tools and 

utilities. It is nowadays considered one of the major contributors in architecture and engineering as it 

allows producing digital blueprints of buildings and allocate resources through various configurations, 

until optimisation is achieved. This is the narrative established by researchers such as [13] that states 

that digitalised building construction method serves different purposes, such as planning, designing, 

operations, and construction activities. Furthermore [12] indicated that the virtual environment created 

with BIM characterises the spatial information, properties of the building elements, cost estimation, 
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geometric and geographical information, inventory, and schedule that are used in an in-depth 

understanding of construction from the planning stage.  According to the systems theory, there are 

different characteristics associated with a complex system, such as interrelation among the 

functionalities that create dedicated outputs [14], which effectively utilises all building components to 

direct the outputs which maximises the possibility of achieving sustainability targets. [12] connoted that 

cost estimation is a significant functionality of BIM that allow project managers to put together 

appropriate budget estimations, which in turn help to avoid budget overruns. For example, Revit is a 

tool to support BIM in construction that helps in the successful execution of projects in different 

geographical positions and situations. According to the systems theory, Revit is used to analyse project 

requirements of complex projects to identify the required resources. In Saudi Arabia, BIM software in 

construction activities is adopted due to its capabilities for smart development that permeate the 

construction sector worldwide. Accordingly, BIM integrates several dimensions which can be used to 

quantify the extent of its adoption in projects. Those dimensions are shown in Table 1 [15,16]. 

Table 1. The data sharing environment for Dimensions BIM. 

BIM Key properties Model characteristics 

2D 2D basic documentation Initial construction models containing 

simple images 

3D 3D dimension models The project can be visualised in 3D 

4D Programming time The execution plans 

Simulate the project phases 

5D Cost estimation The expense budgets 

The operating cost 

6D Energy efficiency and 

sustainability 

Analysis of the energy consumption 

Sustainability analysis 

7D Management of the facility The maintenance and operation 

The life cycle analysis of the project 

nD The life cycle phase Future work and development 

2.2. Adoption of BIM in the construction industry 

According to [5], traditional construction activities is affected by recurrent issues like human errors, 

time-taking secondary activities, and inaccurate or missing cost estimations due to the improper 

illustration of the activities to be executed.  In this context, digital illustration of the construction is 

beneficial. According to [17], the use of BIM in construction projects in Saudi Arabia has been 

stimulated due to its capability for illustration of the site map, architecture, plot number, location, a 

position through software and proper estimation of the geometric conditions, as well as for proper 

visualisation of road maps needed to develop evacuation of wastewater and the establishment of 

transportation links. It stimulates architects to further develop creativity, for example by being able to 

revisit designs to improve the compatibility and standards of living. The counterbalance of those 

improvement, according to [12], is that the emergence of technologies in different industries increases 

steps in construction processes due to quality assurance and health and safety requirements that must be 

observed.  

A global survey to try and establish the impact of emerging technologies in construction yielded the 

following. Approximately 40% of Icelandic engineers use BIM [18]; by 2007, the Norwegian and 

Danish governments had requested the adoption of BIM in all projects [19]; three McGraw-Hill reports 
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indicate that the use of BIM increased significantly between 2007 and 2009 in the United States, with 

75 per cent of projects altogether [18]; similarly, Singapore adopted BIM in public projects since 2015 

[19]. In addition, the Australian government adopted BIM in 2016 without interfering with industry 

procedures or technical details [18]. [20] states that the official use of BIM to manage projects has 

boosted its use through the world. For example, by 2050 the UN report predicts that the world population 

will reach 7.9 billion, and therefore the construction sector must transfer information and data to digital 

formats. Figure 1 illustrates BIM’s global rate of expansion. 

Figure 1. A global overview of BIM adoption. [20] 

2.3. Benefits and challenges associated with BIM 

According to [5], the improvement of on-site collaboration using BIM tools allows workers to access 

detailed information of the project and the activities assigned to individuals. For example, the BIM 360 

tool of Autodesk is a cloud-based BIM tool that helps to integrate collaboration among all the disciplines 

of the project [21]. Furthermore, [13] identifies model-based cost estimation as an additional benefit as 

it allows project managers to eliminate the chances of budget overrun. The benefits add visualisation 

tools for preconstruction, where 3D projection and the space-use simulation allow the clients to make 

changes as required before starting the project. The virtual modelling capabilities also help to decrease 

production costs by identifying possible errors during planning stages therefore increasing productivity 

through proper forecasting that informs the decision-making. 

The identified benefits of BIM [4,22-29,39]. [30] includes the gathering of information for the 

preparation of demolition pre-audits and the alignment of coordinates generated by separate components 

of design (including those considerations by subcontractors), which helps to import quality materials for 

improving the strength of the building. Prefabrication is considered another significant benefit of using 

BIM in construction, where the production drawings along with the databases are easily generated to 

maintain detailing, remove wastage, and reduce costs. It appears that sustainability enhancements are 

generating additional economic and environmental developments [31]. It was found in [32] that 

integrating BIM and value engineering can optimise the building envelope from the perspective of 

energy efficiency. Furthermore, BIM visualisation features can be used to engaging clients in the whole 
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lifecycle of the building [33]. Specifically, [4] advocates for ensuring that sustainable building plans 

reduce total lifecycle costs.  

The counter side of adopting BIM points towards the contrast between large and small projects in large 

projects technology is considered cost-effective investment as it helps to save money due to optimised 

resource allocation and inventory costs. However, in the context of small projects, the costs of hiring 

BIM experts and other implementations increase the overall budget, which might cause a challenge of 

budget overrun. Therefore, these challenges are required to be acknowledged by the project managers 

of different small and large projects to successfully utilise the functionalities of BIM and sustain 

operational efficiency. It is also important to note that although BIM has demonstrated potential in the 

construction sector, it has limited applicability in the demolition and refurbishment of buildings. As it 

stands, the overlap and sharing of information across several experts, the concept of BIM presented 

numerous challenges. Even so, this challenge led to the discovery of critical problems, faults and 

overlaps between the different engineering disciplines during the design process. 

3. Methodology

A quantitative research approach involves generating numerical or statistical data to support a

hypothesis deductively [34]. Several methods are used to administer the questionnaires, including mail,

one-on-one, and online, to ensure that the data collected is relevant to the research question Similarly,

questionnaires are labelled as closed-ended, open-ended, and mixed [35]. The speed at which

questionnaires in addition to being inexpensive can be collected is regarded as one of the major

advantages of using them, [36]. Some argue that the larger the sample, the better, as it not only facilitates

more complex statistical analyses, but also improves reliability [37].

3.1. Questionnaire survey description 

Saudi Arabian engineers have been surveyed to determine their level of awareness of BIM. To this end 

we developed a questionnaire to be taken by a random sample extracted from the local engineering 

community. This complemented with a field survey among Saudi engineers registered with the Saudi 

Council of Engineers. To estimate the size of the referred sample we followed the criteria suggested by 

Yamane (1967:886): 

▪ Calculating the sample size:

 𝒏 =
𝑁

1+𝑁×(𝑒) 2

 𝒏 = The sample size.  

     N = The population size 

     e = Confidence level (1- percent confident) 

The Saudi Council of Engineers has registered approximately (55776) Saudi engineers by 2020, which 

represents the total size of the population in the engineering sector. The sample is equal to 55776 while 

we establish a margin of error of 5% to reach a confidence level 99%, so (656) respondents are required. 

For some questions, the relative importance index (RII) will be used to determine an order of 

effectiveness using the following equation [38]: 

▪ Relative importance index 𝑹𝑰𝑰 = (∑𝑾) / (𝑨∗𝑵)

W = The weighting given to each element by the respondents (from 1 to 5). 

A = The highest weight. 

N = The total number of respondents. 
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A team of experts validated the content of the survey questions to ensure these questions did cover the 

topics that define the scope of our study. The actual survey was thus preceded by several stages including 

its development, validation and pilot testing. 

3.2. Survey campaign 

Participants received a link sent by email to their individual address or via the Saudi Council of 

Engineers, which helped to promote and distribute the survey information amongst Saudi engineers. To 

ensure clarity in the terminology, we create a separate questionnaire using a Google Form to map 

English to and from Arabic. In compliance with the University of Birmingham policy, the questionnaire 

went through standard procedures for ethical approval, holding the registration number ERN-20-0402. 

The survey results were statistically analysed using SPSS software. This enabled to determine the level 

of awareness of the BIM dimensions listed in Table 1, as well as the enablers and constraints associated 

with the use of BIM technology in government projects. The study also attempted to quantify the extent 

to which BIM technology has been adopted in the region.  The information returned through the survey 

also allowed to learn what other software is currently used during the design and construction phase of 

major projects, as well as its compatibility with BIM. 

4. Results and discussion

The questionnaire remained open three months. We received 996 replies to the initial survey request out

of which 94% per cent (940) agreed to engage and 6% declined. In the actual survey, the Saudi engineers

were asked whether they knew about BIM; 61% (n=572) responded they were familiar with the system,

while 39% (n=368) were unfamiliar, see Figure 2. Figure 3 shows the histogram of the participants'

occupations, so we confirmed that civil engineers made up the majority of the participants with 286

(30.4%), followed by architects 194 (20.6%), electrical engineers 135 (14.4%), mechanical engineers

118 (12.6%), project managers (heads) 61 (6.5%), facilities managers 12 (1.3%), quantity surveyors 4

(0.4%), and some other occupation 111 (11.8%).

61%

39%

Are you aware of the Building Information 

Modelling (BIM) approach? 

YES NO

Figure 2. The percentage of KSA respondents 

who are aware of BIM. 

286

19

4

194

118

135

12

61

111

0 100 200 300 400

Civil Engineer

Structural Engineer

Quantity Surveyor

Architect

Mechanical Engineer

Electrical Engineer

Facilities Manager

Project management

Others

Figure 3. A description of the professions of 

respondents. 
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Figure 4 shows, in a scale of 1 to 5, how much survey population estimate their BIM knowledge. This 

yielded as that a minority rated high (level 5) n = 68 (7.2%), whereas at the other side of the scale we 

recorded n=276 (29.3%). Figure 5, shows that 246 engineers (26.2%) reported that their organisation 

does not use BIM but plans to adopt it, whereas 386 (41.1%) responded that their organisation does not 

utilise BIM. Additionally, 138 (14.7%) indicated that their organisation used BIM for all projects, 131 

(13.9%) indicated their organisation began utilising BIM, and 38 (4%) indicated their organization 

implemented BIM only for smaller projects.  

Figure 6 depicts the level at which organisations have adopted BIM. The most common BIM level in 

the KSA is CAD, with 403 (42.8%), followed by 3D in second place with 315 (33.5%). Despite its 

capabilities, 6D remains relatively weak, reaching only n=19 (2%). Figure 7 provides more details on 

preferences. It is estimated that most engineers (n = 613, 65.2%) like BIM and plan to continue using it. 

Meanwhile, 209 (22.2%) are hesitant, 54 (5.7%) are unhappy with BIM and consider not using it, and 

6.8% are unsure. 

276

190

266

140

68

0

50

100

150

200

250

300

1 2 3 4 5

How would you estimate your knowledge of 

BIM? (Rating 1-5, 5 being highest)  

378

246

131

38

138

0 200 400

Not use

No, but we plan to adopt

Yes, started using BIM

Yes, use BIM for small-scale

projects

Yes, use BIM for every

project

Does your organisation currently use BIM? 

Figure 4. Level of estimating the knowledge 

of BIM. 
Figure 5. The use of BIM in the organisation. 

403

68

315

43 31 19
61

0

50

100

150

200

250

300

350

400

450

CAD 2D 3D 4D 5D 6D 7D

What are the current BIM level used within 

your organisation? 

613

54

209

64

0 200 400 600 800

I liked BIM and I will

continue using it.

I didn't like BIM and I

think of stopping using it

Hesitant

I don't know

How open are you to adopting BIM?

Figure 6. Level of BIM adoption in the 

organisation. 
Figure 7. The opinion of respondents about 

the adoption of BIM. 
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Cronbach's alpha is utilised in Table 2 to determine the dependability of the various BIM features. The 

alpha value of Cronbach's coefficient falls between 0 and 1; values closer to 1 indicate more internal 

consistencyhence an alpha value higher or equal to 0.70 reflects a high degree of internal consistency. 

The Cronbach's alpha value for the 15 variables listed below is 0.97, suggesting a good level of internal 

consistency amongst these. 

Table 2. Reliability. 

Cronbach's Alpha N of Items 

.970 15 

Table 3 lists first and second order statistics for capturing any additional information (the last column 

lists two standard deviations These figures further reflect the consistency across BIM features 

established above. 

Table 3. Benefits and advantages of adopting BIM. 

Mean Std. Deviation 

Minimising changes 3.5340 1.21488 

Sustainability analyses 3.5436 1.22592 

Remove any omission 3.4957 1.21272 

Quality management 3.7691 1.21969 

Logistics management 3.3936 1.21069 

Established life cycle 3.3904 1.21480 

Life cycle cost 3.4596 1.25012 

Operations and maintenance 3.6702 1.23654 

Efficient use of energy 3.5351 1.22706 

Facility management 3.6426 1.21137 

Daylight analysis 3.4255 1.28553 

Thermal design 3.5128 1.21967 

Transparency cost 3.4862 1.22922 

Table 4 shows the frequency and percentage distribution of the various engineering software 

applications utilised by the participant organisations. 

Table 4. The many engineering software applications utilised by an organisation. 

Frequency Percentage 

Auto CAD 859 91.4 

Autodesk Revit (Architecture Structure and MEP) 378 40.2 

DDS-CAD 52 5.5 

ArchiCAD 107 11.4 
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VICO Constructor 31 3.3 

Bentley Systems Architecture 62 6.6 

Autodesk Robot Structural Analysis 96 10.2 

Tekla Structures 45 4.8 

SAP 224 23.8 

STAAD 101 10.7 

Allplan 49 5.2 

Finally, Table 5 shows the ranking results for each of the identified BIM benefits. The relative 

significance index enable to map comments by the engineers. For example, BIM high level (H) (0.8 ≤ 

RII ≤ 1), (H–M) (0.6 ≤ RII ≤ 0.8), medium (M) (0.4 ≤ RII ≤ 0.6), medium-low (M-L) (0.2 ≤ RII ≤ 0.4), 

and low (L) (0 ≤ RII ≤ 0.2).  

There were 15 benefits assessed on a 5-point Likert scale, which the 940 respondents evaluated. All 

these carry a high-to-medium level of relevance. The result, however, indicates that most factors are 

significant, as none of them fall between medium and low relevance, see Table 3. 

Table 5. Relative importance index (RII) for BIM advantages. 

RII Value Importance Importance Level 

Time saving 0.743 2 H-M

Cost estimation 0.738 3 H-M

Minimising changes 0.707 7 H-M

Sustainability analyses 0.709 6 H-M

Remove any omission 0.699 10 H-M

Quality management 0.754 1 H-M

Logistics management 0.679 14 H-M

Established life cycle 0.678 15 H-M

Life cycle cost 0.692 12 H-M

Operations and maintenance 0.734 4 H-M

Efficient use of energy 0.707 8 H-M

Facility management 0.729 5 H-M

Daylight analysis 0.685 13 H-M

Thermal design 0.703 9 H-M

Transparency cost 0.697 11 H-M

5. Conclusion

This study aimed to assess knowledge, awareness, and adoption of BIM across the construction sector 

in Saudi Arabia. The study was conducted based on expert opinions captured through an online survey. 

The data was analysed with a descriptive and inferential methodology. Its results indicate that CAD and 

3D in the KSA are the most widely adopted nowadays. This suggests that further awareness and training 

on the use of these technologies is required to fully implement all BIM dimensions. In fact, several 

respondents of the survey stated that they prefer to use BIM and would like to continue using it. 
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In raising levels of awareness and training, architects and engineers in the region could operate BIM in 

three dimensions which would be a step forward in coparison with the current two-dimensional 

modelling approaches they currently know. It is thus possible to give technical individuals step-by-step 

instructions and 3D illustrations of the necessary tasks with the use of visualisation, augmented reality, 

and simulations. In addition to identifying and correcting design flaws early in the construction process. 

BIM could also improve schedules throughout the entire building process. It is an innovative method of 

planning and managing construction projects. By communicating with experts and customers, better 

project choices can be made. 

Finally, the benefit of using BIM is that Building orientation, energy consumption, and sunlight can now 

be considered in an improved environmental study. Water conservation, waste management, and energy 

efficiency may also be enhanced with BIM. BIM can also create more aesthetics and resilient buildings. 

As a result of BIM, design decisions can be analysed in virtual reality, and natural lighting can be 

simulated to optimize. By adopting reality capture technology during construction, accuracy can be 

improved, thereby promoting sustainability. Convincing developers, decision-makers, and engineering 

and manufacturing departments of the importance and benefits of employing BIM thus remains as an 

immediate challenge. 
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