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Abstract 

The construction industry plays a very important role in the national economy; it is widely criticized because of its slow technical 

progress and long-term inefficiency all over the world. Building information modelling (BIM) is a transformative virtual prototyping 

technology for construction industry. VP (Virtual Prototyping Technology) based on BIM as the core technology has been widely 

regarded as a tool to solve this problem, but was questioned by both academia and industry due to its delayed diffusion. To solve this 

problem, this paper is based on the characteristics and the evolution rules of cellular automata, built on the CA model of the BIM 

proliferation process in construction projects, simulating this process, then analysing the impact of important factors such as diffusion 

willing, decision-making preferences, national and industry support and other factors to the BIM technology diffusion, studying the 

changes in the proportion of BIM recipients and the importance of the distribution position of the initial to the BIM proliferation 
process. Finally, it analyses the randomness of BIM technology diffusion. 

Keywords: Building Information Model Diffusion, CA Evolution Model, Diffusion Willingness, Decision-Making Preferences, National and Industry 

Support 

 

                                                           
Corresponding author email: zhlei06@gmail.com 

1 Introduction 

 

The construction industry is the backbone of social and 

economic life, and supports national development and 

prosperity, but the long-term low productivity that results 

in energy consumption and serious environmental 

pollution makes it gain widespread attention. VP (Virtual 

Prototyping Technology) based on BIM as the core 

technology has been widely regarded as a tool to solve 

this problem in the whole world, and some scholars think 

it will bring an unprecedented revolution in construction 

industry because of its enormous potential impact for 

enhancing the construction project performance and 

industry production efficiency [1]. It is widely regarded 

as the most important technical concepts produced in the 

AEC industry (Architecture, Engineering and 

Construction Industry) in the last decade [2-4], and it can 

be effectively used in the whole construction project 

lifecycle such as site planning, collaborative design, clash 

detection, energy consumption analysis, construction 

schedule simulation, cost control and other aspects 

through digital and intelligent building facilities. 

Although the VP-related ideas and prototypes have 

already been considered to have broad application 

prospects as early as the 1970s, the breadth and depth of 

its application are not satisfactory now [5, 6]. 

Construction enterprises are the players in the 

construction market, and construction projects are the 

service targets and entities of BIM applications, so only 

the effective diffusion and application of BIM can affect 

project performance, enterprise performance and even 

industry efficiency. Nowadays, how to promote the 

diffusion of VP (Virtual Prototyping Technology) such as 

BIM in the construction industry has become the new 

proposition confronted with both academia and 

businessmen. 

To solve this problem, many scholars have carried out 

relevant studies. In view of the progress and upgrading of 

hardware and software technology, the focus of related 

research has been shifted from technical issues to 

problems of implementation. Dulaimi investigated the 

motivation of technological innovation diffusion and 

innovation-related interaction between organizations of 

the construction projects, and identified the impact of the 

target incentive, participants’ commitment and other 

factors on motivation of innovative applications [7]. 

Davis et al. pointed out that the main reason for the 

boycott to BIM lies in the failure to support 

organizational change of BIM application [8]. Jernigan 

also pointed out that the significant change that BIM 

brought in the construction industry caused 

organizational inertia and resistance to change [9]. The 

major barriers to BIM application include poor 

interoperability among different software, unclear 

business value and return on investment of BIM, and 

reluctance among construction companies to share 

information [10-12]. The above studies provide an 

important basis for understanding the impact of BIM 
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proliferation factors of construction projects. However, 

these studies, mostly based on case studies or surveys on 

various factors affecting the static identifier, also 

emphasize more on the technical aspects of the study, and 

take fewer dynamic evolution of the BIM technology 

diffusion process into account. This paper is based on the 

characteristics and the evolution rules of cellular 

automata, builds the CA model of BIM proliferation 

process in construction projects, simulates this process, 

then analyses the impact of important factors such as 

diffusion will, making preferences, national and industry 

support and other factors to the BIM technology 

diffusion, focused on the randomness of BIM 

proliferation, in order to provide a theoretical basis for 

the diffusion and application of VP whose core 

technology is BIM in the construction industry. 

 

2 Dynamic evolution of the BIM proliferation model  

 

Cellular automata, which is in accordance with certain 

local rules in a discrete, finite cellular space composited 

of cellular, is dynamical systems in the evolution of 

discrete time dimension. CA models, constructing 

individual (cell) on the micro-level and obtaining the 

macro results by summing the micro individuals from the 

perspective of complex systems, is a bottom-up (bottom-

up) research method. Essentially, the CA model is a 

dynamic evolution system based on the interactions of a 

large number of cellular.  

 

2.1 RESEARCH ASSUMPTIONS AND THE 

DYNAMIC EVOLUTION OF THE CA MODEL 

BUILDING 

 

(1) Hypothesis 1: The BIM proliferation process of 

Construction Projects is a dynamic system according to 

certain rules of non-linear interaction of actors. In the 

process of BIM technology diffusion, the owner, designer 

and construction side, government departments and 

agencies and other project participants showed a 

nonlinear and varied relationship on the overall level; 

from the perspective of the individual level, the 

individual participants are the core elements in the 

process of BIM technology diffusion. This process 

manifested in the interaction relationships of project 

participants, and in a certain context, can achieve the 

dissemination and diffusion of BIM technology. 

(2) Hypothesis 2: In the BIM technology diffusion 

process, the project involved individual implemented 

dissemination and diffusion by communicating with its 

nearest individuals. The occurrence of local interactions 

between individuals makes the project happen. 

Individuals involved in the project send or receive 

innovative BIM technology are limited only by the 

project participants or the closest; at the same time, there 

is no priority when many diffusion processes of BIM 

technology are at the same observation point. 

(3) Hypothesis 3: The project involved individuals 

adjusting the BIM technology diffusion process based on 

their relationship. They assess their own scenarios, and 

then adjust the BIM technology diffusion rate according 

to the above evaluation and expected results to be 

adjusted. 

(4) Hypothesis 4: Participating individuals have 

completed information about the individual states of the 

diffusion process. Meanwhile, once innovative 

technology is received, it will never be changed. 

(5) Hypothesis 5: Every involved individual will not 

be affected by their property differences in each project. 

Individuals act independently without disturbing each 

other. 

 

2.2 MODEL 

 

Based on the above assumptions, the diffusion process 

for the BIM evolution model is established as follows: 

(1) Set the rows or columns of the square-type grid of 

the cellular automaton model. The number of cells of 

cellular automata n n  in the grid represents the number 

of individuals N i  involved in the process of BIM 

proliferation. This model uses a 50 × 50 grid to construct 

cellular space, the grid intersection points of rows and 

columns represent recipients and proliferators of BIM 

technology. 

(2) There are two like bodies  0,1  representing 

whether the individual accepts the diffusion of BIM 

technology: 1 represents that BIM innovation has been 

accepted by the individual, and 0 represents the opposite. 

(3) Neighbours form. In the CA model, there are 

many neighbours’ forms. This model uses mole (Moore) 

type; that is, each user has eight neighbours, and the eight 

neighbours at the t-1 moment will affect the central users 

who are at the t moment. 

(4) The evolution function and state transition rules of 

cellular. 

This article assumes that all individuals involved in 

the evolution of BIM technology diffusion are affected by 

diffusion willingness    and decision-making 

preferences   , then select support on BIM from 

country and industry bodies    and the choice of other 

ones  i  around the involved individual as external 

factors. Its influence function is: 

       
8

1

( 1)i

i

f t t t t p s t  


      (1) 

In the formula (1):    Diffusion willingness: the 

possibility of BIM technology diffusion  0 1   , 

0   means unwilling, 0 1   means the degree of 
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willingness, 1   expressed complete readiness, the 

innovators of BIM who want to obtain and maintain a 

reputation for higher qualifications expect to solve the 

practical obstacles and has a higher degree of willingness, 

but considering the competition, the experience will be 

reserved to a certain extent. Therefore, the range of value 

is  0.5 0.8  ; (2) Decision Preference   : This 

article use emphasize degree on income from BIM 

innovation accepted corporate representing decision-

making preferences  0 1   , 0   means no 

attention, 0 1   means the degree of attention, 1   

means absolute attention. There are some differences in 

decision-making preferences of trying BIM technology in 

different individuals. (3) National and industry 

organizations supporting   . The value of support from 

country and industry bodies to BIM is 0 1  , which 

indicates the support is 0, the diffusion of BIM mainly 

relies on self-development of the industry, the value of   

is more which means the support is greater. 

This article will use the simulation tool - MATLAB to 

program the evolution model of the BIM technology 

diffusion based on cellular automata, and analyse the 

simulation results based on the above. 

 

3 Simulation of evolution model of BIM technology 

diffusion  

 

The diffusion of the BIM Construction Project is the 

process of partial interactive process between individuals, 

and its complexity is suitable for the "bottom-up" 

complex systems - cellular automaton model. Through 

the establishment of the diffusion process evolution 

model of BIM technology based on cellular automata, 

this paper simulated the diffusion process, analysed the 

individual wishes, internal factors of the participants in 

decision-making preferences and the influence of 

relationships between individual and neighbours, and also 

analysed the variation of acceptable BIM technology 

innovation under certain parameters. 

 

3.1 PARAMETER INITIALIZATION 

 

In this paper, the initial value of willingness, decision-

making preferences, the relationships with neighbours of 

BIM involved individual, support from country and 

industry bodies on BIM and the position of the initial 

proliferators is defined, in which diffusion willingness 

and decision-making preferences are shown in Table 1. 

TABLE 1 The value of Diffusion willingness and decision-making preferences 

                                                                       Decision-making preferences δ 

Diffusion willingness γ 
0.3   0.6   

0.5   0.15    0.30    

0.6   0.15    0.36    

 

In BIM proliferation, the simulation is divided into 

two cases, no support from state and industry bodies and 

the presence of support. In this paper, cellular space is 

represented by a square grid 50n   that takes Moore 

type. Assuming that the 1/10 (diffusion random position) 

of the involved individuals accept the innovation in the 

initial state, while the 9/10 did not receive the innovation. 

The frequency of simulation is 50 times. 

 

3.2 ANALYSIS OF SIMULATION RESULTS 

 

(1) The change of proportion of BIM recipients in 

different iterations. 

Setting of parameters: the value of diffusion will and 

decision-making preferences are 0.5 and 0.3. Without the 

support from national and industry bodies, BIM 

proliferation depends on the innovative diffusion of core 

corporate, which will be affected by the external 

environment. The black areas in the figure consist of the 

cells obtaining the innovation of BIM, while the cells that 

are not transmitted are components the white areas. 

As we can see from Figure 1, BIM technology 

transmits to each direction at almost equal speed, and also 

the transmission is random. BIM technology will soon 

transmit around the diffused sources (several companies 

who initially mastered the technology) under the bringing 

in of a number of aggressive decision-makers and the 

initiating of the conservative ones. Finally, apart from a 

few enterprises, almost all companies will introduce the 

technology. 

 

  
FIGURE 1 Influence of Different Iterations of Simulation on the 

Diffusion Process 
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(2) Impact of different values of γ and δ on BIM 

proliferation 

Iterations are analysed from the number 10n   that 

the involved individual has been diffused by BIM 

technology. In Figures 2 (a) and (c), when the value of 

the diffusion willingness of participants and decision-

making preferences of recipients are both small, BIM 

knowledge spreads in fewer individuals in the diffusion 

process; in Fig 2 (b), BIM knowledge spreads in a large 

number of individuals in the diffusion process; in Fig 2 

(d), when the value of the  diffusion willingness of 

participants and decision-making preferences of 

recipients are both large, BIM knowledge spreads to 

almost half of the involved individuals in the diffusion 

process. 

 
(a) 0.5, 0.3    (b) 0.5, 0.6    

 
(c) 0.6, 0.3    (d) 0.6, 0.6    

FIGURE 2 Simulation Diagram about the Influence of Diffusion wishes 

γ and Decision-making Preference δ on BIM Proliferation Process  

Meanwhile, it can be seen from Figure 2, as the value of 

the diffusion willingness and decision-making 

preferences of the involved individual increase, the 

average speed of BIM proliferation is accelerates. 

Decision-making preferences of the involved individual 

have great influence on the average speed of BIM 

proliferation, while diffusion willingness has great impact 

on the diffusion region of BIM proliferation. 

(3) Impact of the location of initial knowledge 

proliferators on the BIM proliferation process  

 
(a) diffusion process with random point a 

 
(b) diffusion process with random point b 

 
(c) diffusion process with random point c 

FIGURE 3 Simulation Diagram about the impact of the Location of 

Initial Knowledge Proliferators on the BIM Proliferation Process 

Keep the value of the diffusion willingness of 

participants and decision-making preferences of 

recipients unchanged, take the influence of BIM 

proliferators Moore type, and compare three different and 

random positions with the same number of iterations, as 

shown in Figure 3. From the perspective of the number of 

the involved individual who has been proliferated by 

BIM innovators, the value of the diffusion willingness of 

participants and decision-making preferences of 

recipients are. Selecting no support from national and 

industry organizations, after 50 simulation clockings, the 

state of the iterations at different and random locations 

are shown in (a) in Figure 4. Compared to (b) and (c), the 

proliferated cells appeared in a small black area, and only 

occupies the top left of the grid spatial location, and the 

diffusion rate is relatively slow, indicating that the BIM is 

spread to a small number of individuals involved when 

the initial positions of the proliferators are far away from 

the organized centre in the BIM proliferation process. 

Compared to (a), the proliferated cells are relatively in 

the centre of Figures (c) and (b), and diffusion speed is 

fast, which shows that BIM spreads to a large number of 

individuals involved when the initial positions of the 

proliferators are close to the organized centre in BIM 

proliferation process. 

 

 
(a) random location a, n=45           (b) random location b, n=32          (c) random location c, n=30 

FIGURE 4 Simulation Diagram about the impact of Proliferators’ Initial Position on BIM Proliferation 

 

From Figure 4 we can see that the iterations of BIM 

proliferation spreading to the whole are at locations b and 

c, while to achieve the overall diffusion at location a, the 

three curves all need to be in line with the classic 
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innovation diffusion model of Bass "S" curve. Thus, the 

initial location of BIM proliferation in the organization 

has a greater impact on the BIM proliferation rate. If the 

initial BIM proliferators are the core participating 

member, they can ensure a faster diffusion rate of BIM; 

conversely, if the initial BIM proliferators are at the edge, 

it is not conducive to BIM proliferation. This reveals that 

the core participants plays an important role in the 

construction project. 

(4) Randomness of BIM technology diffusion  

From the above analysis about the simulation results, 

we can conclude that establishing good relations between 

involved individuals and encouraging the spreading 

wishes of BIM proliferators can effectively improve the 

speed and efficiency in BIM proliferation. As mentioned 

above, the arbitrariness is largely due to the different 

positions of the distribution of the initial BIM 

proliferators. The grid cells at different locations means 

that the initial BIM proliferators face different 

environments, which will influence the direction and 

speed of diffusion greatly. In the practice of BIM 

proliferation, this arbitrariness is mainly broken down by 

the software vendor's marketing promotional efforts and a 

market leader in the design side. Project participants, 

including the owners, have passively accepted the form 

that regarding projects as a link to BIM implementation 

at present. Therefore, BIM technology diffusion will 

show certain regional stability. On the other hand, the 

BIM theory and practical experience in foreign countries 

show that the influence of external factors on BIM 

technology (such as the support from government and 

industry organizations) is very important. With the 

popularity and recognition of BIM technology, BIM 

software developers have completed the mission of 

marketing and have begun to focus on technical services 

and consulting. Leading designers have changed direction 

to the diffusion of inter-enterprise technology, adjustment 

of organizational structure, and the change of workflow 

designing, the internal training of technical staff, and 

pilot projects have become the main task for initial BIM 

proliferators. 

(5) Impact of external factors ε on the BIM diffusion 

process  

Keeping the value of the diffusion willingness of 

initial participants γ and decision-making preferences of 

recipients δ unchanged, defining the national and industry 

agencies’ supporting ε as influence of BIM projects 

proliferators, executable program for Moore-type, and 

comparing the change of influence. In order to 

conveniently observe the ratio of the initial proliferators, 

we take is 5%. As we can see from Figure 5, the effect of 

the national and industry agencies’ supporting ε on BIM 

proliferation is obvious, and greater supporting strength 

will be more conducive to the innovation diffusion. 

Taking (A) as an example, when the value of ε is 0, BIM 

techniques spread from the initial proliferators to the 

entire grid, and the number of iterations is up to 37 times 

(Figure 30 shows only 30 iterations), the whole diffusion 

process is relatively long, while the value of ε are 0.15 

and 2, the number of iterations which will significantly 

decrease are respectively 12 and 7. Therefore, national 

and industry agencies’ support has obvious promoting 

effect on BIM proliferation. Through comparing (a) and 

(b) in Figure 5, ε has high rate of sensitivity to BIM 

diffusion. Each small increase proportion will influence 

BIM diffusion greatly. The value of ε is 0.2, the 

expansion curves are almost the same, which can 

compensate the lack of willingness and decision-making 

preferences to a large extent.  

 

 
(a) 0.5, 0.3, 0,0.15,0.2       
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(b) 0.6, 0.3, 0,0.15,0.2      

         
(c) 0.6, 0.5, 0.15,0.2      (d) 0.6, 0.6, 0.15,0.2      

FIGURE 5 Simulation Diagram of Impact of National and Industry Organizations Supporting on Different Parameters on BIM Diffusion Process (X: 
number of iterations; Y: acceptance ratio) 

 

4 Conclusions 

 

This article is based on characteristics and evolution rules 

of the cellular automata, selected the CA as the BIM 

proliferation process model, and established the evolution 

function and state transition rules of the cellular simulate 

the diffusion process, and analysed the relationships 

between individual wishes of project proliferators and 

internal factors of participation in decision-making 

preferences, participated individuals and neighbours. 

Studies have shown that the design unit as a leader in the 

application of BIM selected random diffusion in a certain 

internal factors and external factors, showing obvious 

regional (block) distribution with the diffusion process. 

Moreover, the decision-making preferences of Individual 

recipients of project participants showed greater impact 

on the average speed of BIM proliferation, but wishes of 

BIM proliferators influenced greatly on BIM proliferation 

regions. In the different process of the simulation graph, 

we can find that the position of the initial BIM 

proliferation in construction project organization has a 

greater impact on BIM proliferation velocity. Due to the 

large randomness between the diffusion and the recipients, 

the distribution area and diffusion wishes of the 

diffusions are different, which lead to a greater difference 

in the proliferation of BIM. Taking the convergence of 

research into account, this paper was unsuccessful in 

quantifying the various parameters in the model in order 

to further explore the influence degree of various factors 

on the dynamic evolution of BIM proliferation. This 

paper is just a beginning on the applications of BIM 

proliferation in the construction industry, which need a 

more in-depth follow-up study in the future. 
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