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Abstract: The AEC sector faces a large-scale shift from a traditional (road) construction process to a 9 
construction process based on the Building Information Modelling principle. BIM is a promising 10 
new development that has received considerable attention in recent years. The aim of this study is 11 
to investigate the advent of BIM-oriented working within the (road) construction sector in Belgium 12 
in order to determine Belgium's position in this transition towards a building process with BIM. To 13 
support this research, an online survey based on an impact analysis was distributed to 122 14 
employees active in the AEC sector. The results indicate that most companies already made the 15 
transition from a traditional building process to a building process using the BIM principle. In 16 
addition, the research demonstrates that the results mainly apply to employees active in civil 17 
engineering. A small group, mainly active in the road construction sector, has not made the 18 
transition due to several obstacles. Overall, the transition started later in the road construction 19 
sector, unlike other sectors. Based on this it is recommended that sufficient attention is paid to this 20 
group, who have not yet been able to realise this transition, as they constitute an obstacle to the 21 
further development of BIM. 22 
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 24 

1. Introduction 25 

Recently, there has been a large-scale shift from a traditional (road) construction process to a (road) 26 
construction process based on the BIM principle. BIM is a very broad concept that has multiple 27 
interpretations and definitions, making it difficult to merge them into a single unambiguous 28 
definition [1,2]. The acronym BIM stands for Building Information Modelling, i.e. the process of 29 
sharing digital data between the different partners of a project through a common exchange 30 
platform in order to support the roles of the various stakeholders [3-7]. Moreover, BIM can also 31 
imply Building Information Model, the digital 3D display of the project. Today, in addition to these 32 
two meanings, the abbreviation is also used in the sense of Building Information Management, 33 
namely the intelligence contained in the BIM model and the ability to manage and query that 34 
information [3-7]. The reason for these different meanings is due to the fact that the applications 35 
have evolved over time and that the potential of BIM is much larger than initially foreseen [2]. 36 
   Several studies in the AEC sector have already investigated the difference between a 37 
traditional construction process and a construction process based on the BIM method in order to 38 
identify the advantages and disadvantages associated with the BIM process. This was usually done 39 
by means of surveys, which were carried out at various functions active in the construction sector 40 
[7-16]. The use of surveys makes it possible to determine the state of affairs and to analyse the users' 41 
attitude towards the BIM concept. In addition, many studies are carried out on the basis of case 42 
studies in order to evaluate the benefits and limitations of BIM [1,2,4,10,17]. These studies show that 43 
the main benefits of using BIM are improved information flow, improved profitability, lower costs 44 
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and better time management. However, it is undeniable that the implementation introduces a 45 
number of new problems, such as the high cost and training associated with the implementation, 46 
lack of trained staff and the required scale of cultural change [1,2,7,15,16]. 47 
 The research usually takes place within the construction sector, where comparisons are made 48 
between different functions, projects, companies, countries or even continents [12,18,19]. In contrast, 49 
the focus on the road construction sector is still absent. Less research has been done in this field 50 
compared to the construction industry [9,20,21]. Moreover, it is remarkable that in most studies, 51 
where a comparison is made between different European countries or continents, very little is 52 
mentioned about Belgium. This is due to the low number of studies in the Belgian construction 53 
sector. 54 
 In this paper, an attempt is made to fill this gap in the existing literature by investigating the 55 
advent of BIM-oriented working within the (road) construction sector. The aim is to examine the 56 
transition from the traditional construction process to the construction process with BIM for (road) 57 
construction companies in Belgium. Additionally, the possible causes behind this slow evolution 58 
are a part of this research. The will to digitise is strongly present within the sector, and stimulated 59 
by the government, but translating this will into practise is usually very difficult due to the presence 60 
of some certain barriers. This research is carried out by the Agency for Roads and Traffic, in 61 
collaboration with the University of Antwerp, as part of a master's thesis. 62 
 The data for this study were collected by means of a survey, which was conducted among 63 
employees of various companies active in the (road) construction sector. It was very important for 64 
this survey to approach various functions, companies and sectors in order to create the best possible 65 
picture of the current situation. Moreover, the surveys were distributed in two ways. Firstly, the 66 
questionnaire was distributed by bachelor students during their internship at various (road) 67 
construction companies within Belgium. In addition, the digital questionnaire was also distributed 68 
via social media. 69 
 This paper is organised in the following way: firstly, the research methodology of the paper is 70 
explained, in which the survey and its associated analysis are fully described. In addition, a general 71 
description of the BIM concept is formulated, where the difference between BIM and the traditional 72 
construction process is emphasised on the basis of its advantages and limitations. In parallel, the 73 
current state of affairs in Belgium in relation to the other European countries is also discussed in the 74 
same section. In the third section, the results of the research are analysed and linked with previous 75 
work in this field. Finally, in part four, a conclusion is formed that provides an answer to the main 76 
research question. 77 

Figure 1. Word cloud 78 

 79 
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2. Research methodology 80 

This section discusses the method used to investigate the advent of BIM-oriented working within 81 
the (road) construction sector, by answering the main question: “In which way is BIM implemented 82 
within the (road) construction sector in Belgium and where do they currently stand in this transition 83 
between the traditional building process and a building process with BIM?”.  84 
 First the survey is discussed, followed by an overview of the current state of affairs, which can 85 
be compared with the results of this analysis. 86 

Figure 2. Research methodology 87 

 88 

2.1. Quantitative study: Survey 89 

In order to determine the current state of affairs of the (road) construction companies in Belgium, in 90 
this transition to a digital company, a survey was prepared on the basis of an impact analysis, 91 
consisting of four different main topics in the survey. These main topics are also the research topics 92 
of this study to formulate an answer to the main question: 93 

Figure 3. Research topics and corresponding questions 94 

 95 

The survey was divided into two parts. The first part was completed by all 122 participants, as 96 
opposed to the second part, which was optional, and was completed by only 42 participants. 97 
 In the first part, the participant's profile is determined to see which company profiles are 98 
involved and to grade the BIM maturity of the respondents. The company profile consists of the 99 
company size, the function and the sector. With this profile correlations and cross tables can later 100 
be carried out to check the degree of digitisation. Subsequently, additional t-tests can be made to 101 
compare the averages of two variables and to test whether these differences are statistically 102 
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significant. In the second part of the survey, several aspects from the first part are examined in more 103 
detail in order to get a better picture of certain points of view.        104 
 The questionnaire was distributed in two ways. First and foremost, by the bachelor students, 105 
who were requested to have this questionnaire completed by several employees at their internship 106 
company. These were mainly construction companies active in Belgium. In addition, the 107 
questionnaire was also distributed via LinkedIn and by mail in order to reach people mainly within 108 
the road construction sector.  109 
 Finally, this survey will also be used by an associate student, Robin van Riet, who will focus on 110 
the results of Lantis. Within her master's thesis, she will investigate the use of BIM for Information 111 
management in a large-scale infrastructure project and make comparisons between Lantis and the 112 
rest of the companies that participated in the survey. 113 

2.2. Benefits and disadvantages of BIM  114 

“A BIM is a digital representation of physical and functional characteristics of a facility. As such it serves as a 115 
shared knowledge resource for information about a facility forming a reliable basis for decisions during its life-116 
cycle from inception onward [22].”  117 

2.2.1. Why BIM? 118 

"BIM is the future"1 119 

In recent years, the pressure to digitise has been increasing in the society. By means of digital 120 
technologies an attempt is made to change the business model in order to realise the process towards 121 
a digital company [8,11,23]. This transition is also happening in the construction sector in general 122 
and more specifically in the road construction sector [9]. One of the most important developments 123 
that facilitates this transition towards a digital company, is the BIM concept [3]. The BIM approach 124 
revolves around an intelligent data rich 3D model that is shared by team members and that becomes 125 
a collaborative centre during the entire life cycle of an asset, be it a bridge, a road or a building [24]. 126 
It helps people to visualise what needs to be built in the simulated environment to identify possible 127 
problems and errors in advance, using the clash detection, which is one of the most known benefits 128 
of BIM [1,2,7,8,24]. Besides supporting the design and development of a project, BIM is also used 129 
for the continuous management and maintenance of assets [3,4,25]. 130 

2.2.2. The benefits of BIM 131 

The advantages of BIM integration are multifaceted and benefit all teams involved. One of the most 132 
important gains, is the optimisation of the information exchange between the construction actors. 133 
Here, information exchange does not only mean the transfer and receipt of information, but much 134 
more the consultation and coordination of information that is of common interest [1,2,26,27]. This 135 
improved communication resulting in a much faster and more efficient delivery of a better product 136 
[2,8]. 137 
 The most important difference between a traditional building process and a building process 138 
with BIM is the way the information is shared between the different actors involved. In a traditional 139 
building process, communication takes place on the basis of 2D drawings, plans and documents, 140 
which are printed out or passed on by mail. Each actor in this process draws up its own plans with 141 
its own improvements and interpretations based on the previous plans of the other actors involved 142 
[28]. Since the process is not based on an integral approach, each actor works on its own and the 143 
passing on of information is quickly omitted. As a result, they work with plans that are not up to 144 

 
1 According to one of the respondents 
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date, which increases the chance of errors and miscommunication [28,29]. These errors may lead to 145 
unforeseen costs, delays and possibly even to court cases between the various parties [25,30]. 146 

Figure 4. The way of communication during the traditional building process and the BIM process [28]. 147 
 148 

 149 

The BIM practise, on the contrary, works in a very structured way. The construction process that 150 
normally takes place in a linear way is omitted and replaced by a process in which the entire project 151 
team has to work together from the beginning [28]. The various sources of information are shared 152 
with all teams participating in the process, allowing for fluent collaboration and progress [3]. 153 
However, the BIM should not be seen as one all encompassing joint 3D model or database, but as a 154 
shared data model [5,25].  155 
 After all, everything revolves around the fluent collaboration of the various disciplines, where 156 
everyone can immediately process their information into the models and then share it with the other 157 
links in a faster and more efficient way. It is in this way much easier to obtain the necessary 158 
information because everything is made available and the various links are aware of the current 159 
changes [5,25]. Improved communication also usually comes first when asked about the main 160 
benefits of BIM [4]. This is also the case in the paper by Aranda-Mena et al. (2009), where a 161 
comparison is made between five case studies, in which there is consistent agreement with the 162 
propositions that BIM: improves information management and information exchange, efficiency, 163 
coordination, buildability and the design itself [4].  164 
 Another comparable study by Salman Azhar (2011), which also compares several case studies, 165 
shows that the use of BIM can greatly improve the predictability of building performance and 166 
operation [2]. As the use of BIM accelerates, collaboration within project teams will increase as well, 167 
leading to improved profitability, lower costs, improved time management and a more efficient 168 
customer-client relationship [2]. Moreover, a study conducted by the University of Twente into BIM 169 
maturity, based on a survey, shows that the main drivers of BIM are the following aspects: working 170 
more efficiently, reducing failure costs and processing time, improving information management, 171 
increasing cooperation with other partners and strengthening the competitive position [7,8,17]. 172 
 As a result of the fluent communication and cooperation, the BIM process enhances time saving, 173 
allowing the project to be completed earlier than with a traditional construction [4]. However, this 174 
might not always be the case. The preliminary phase of a construction process with BIM is much 175 
more labour intensive than with a traditional construction process, because all the information first 176 
has to be digitised one by one [4,6]. However, once all the information is in the model, the BIM 177 
principle can save time. If an error is discovered during these stages, it can easily be changed in one 178 
go in contrast to the traditional building process, where each link has to adjust the error to the 179 
different plans [2,7,31]. The work intensity at the beginning of the process can in this way be 180 
compensated for by a time saving during problem solving in the subsequent stages [4,6].   181 
 In a paper by Aranda-Mena et al. (2009) this equation is represented by a diagram with time-182 
intensity distribution curves, in which a comparison is made between a building process with BIM 183 
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and a traditional building process [4]. This diagram is similar to Patrick MacLeamy's graph, which 184 
also shows this comparison graphically [6]. 185 

Figure 5. Patrick MacLeamy’s effort-time distribution curve [6]. 186 

 187 

In the graph, MacLeamy plots effort/effect against time to illustrate the difference of the effort/effect 188 
graph over time in a pre and post BIM scenario. There are four different curves, with the green 189 
descending line showing the possibility to influence costs and quality and the red ascending line 190 
showing the cost of design changes. The black curve then represents a traditional construction 191 
process and shows the main efforts in pre-BIM times. This is in contrast to the blue curve, which 192 
represents a building process with BIM [6]. 193 
 When using BIM, the curve shifts to the left, to the earlier design phases, where changes are 194 
easier and less costly to process [1,2,4,30,31]. At a later stage of the design process, where the pre-195 
BIM scenario mainly takes place, costs increase much faster when changes need to be made. From 196 
this it can be concluded that the use of BIM makes it possible to deal with errors much faster and 197 
cheaper in the process as opposed to the traditional process where a change at the end of the process 198 
is very costly [1,2,4,30,31]. According to studies, 85% of the life cycle costs of a facility occur after 199 
the completion of the construction, and around $10 billion in the US alone is lost annually due to 200 
insufficient access to information and interoperability problems during the operation and 201 
maintenance phases [1]. 202 
 This graph represents what can be achieved with BIM and highlights the inefficiency of pre-BIM 203 
working methods [6]. In conclusion, throughout the life cycle of the project, the BIM principle will 204 
save time, with the savings not occurring in the initial phase, but only in the final phase [4]. 205 
 A second important benefit of BIM is risk reduction and clash detection [4,7,8,10,16,17,25,27,31]. 206 
The implementation helps to gain insight into existing conditions for both the safe construction and 207 
maintenance of, for example, an infrastructure facility [24]. With the help of clash detection, 208 
potential conflicts are brought to light at an early stage by merging the models of different 209 
disciplines and checking them for clashes. Where the different parts of models interfere with each 210 
other, a conflict is detected [4,7,8,10,16,17,24,25,27,31]. These conflicts are then reported and 211 
followed up in further stages. In this way, communication becomes more transparent and failure 212 
costs at the construction site are greatly reduced by identifying where the conflicts with the existing 213 
environment will occur [19]. In a traditional construction process, however, 2D plans are usually 214 
used, which do not make it possible to trace overlaps immediately. Such errors are then only 215 
discovered during the construction of the project, where in some circumstances drastic delays and 216 
costs can be incurred [7,8,31].   217 
 The Centre for Integrated Facility Engineering (CIFE) at Stanford University in the United States 218 
conducted a survey in 2007 to analyse the use of Virtual Design and Construction (VDC) and BIM 219 
technologies in the AEC sector [10]. The survey was completed by 171 respondents representing a 220 
broad mix of business size, technical disciplines and project types. They are active throughout the 221 
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US and the rest of the world, and often provide services at multiple stages of the design and 222 
construction process. The data suggests that BIM could reduce unforeseen financial changes by up 223 
to forty percent as opposed to a traditional process. Construction costs were reduced by ten percent, 224 
through faster tracking of any design errors, and construction time by seven percent [10]. 225 
 These benefits of BIM were also polled in the survey for this research to see if there are 226 
similarities between the different studies. 227 

2.2.3. The current barriers preventing the use of BIM 228 

Today, there are still a few important pitfalls and drawbacks to the BIM concept, which must be 229 
considered. First and foremost, the financial aspect of BIM should not be underestimated [6-8]. It 230 
requires a certain investment that cannot be recouped in the short term. It often involves new 231 
processes and a new working method that requires considerable effort and time to implement the 232 
switchover. The relevant software and hardware must be purchased, and staff must be trained in 233 
the use of that software. In addition, at the beginning of the switchover the knowledge is usually 234 
not present within the office or company, which means that for many things external people have 235 
to be called in. This reduces, especially in the beginning, the productivity and the speed with which 236 
the switch is realised [2,14,15,16,30,32]. Moreover, it must be taken into account that BIM software 237 
packages need to be updated periodically, which is an additional cost item [33]. 238 
 Further, there are also a number of legal issues that can cause problems when working with BIM 239 
[7,8,27]. An example of these are copyright issues. Since the cooperation and exchange of 240 
information are central to BIM, this can in some cases cause confusion as to who owns the copyright. 241 
Additionally, it is also possible that various parties may request payment for sharing their 242 
information, which leads to unnecessary costs. In order to avoid these issues, it is encouraged to 243 
make good arrangements between the various parties involved at the beginning of the process and 244 
to set out ownership rights and responsibilities in the contract document [27]. 245 
 The abovementioned drawbacks are also usually the most important barriers that recur when 246 
asked about the disadvantages associated with the BIM method. According to the research carried 247 
out by the University of Twente, the main barrier that most people face is the lack of knowledge and 248 
experience, which hinders the speed of implementation and expansion of BIM applications [7,8]. 249 
Another barrier that is considered important is that not all partners can participate in the BIM 250 
process. However, it is expected that this barrier will diminish with an increase in BIM maturity in 251 
the construction sector. Differences in BIM maturity between the partners also underline the 252 
importance of making a good estimate of a partner's BIM capacity before a project starts [7,8]. 253 
 Another study based on a survey of 31 construction companies in the United States found that 254 
the main obstacle to BIM is the lack of trained personnel [34]. The second obstacle was the high cost 255 
of implementation followed by the reluctance of the other project partners, interoperability and the 256 
lack of legal and contractual agreements [34]. 257 
 In a study by Robert Eadie et al. (2014), information was collected through a web-based survey 258 
conducted among the top 74 UK-based contractors in the construction sector [15]. The findings here 259 
showed that the barriers after the introduction of BIM are less important, as the main obstacle to the 260 
initial investment has been overcome and the "fear" factor has been reduced. The two main barriers 261 
to the implementation of BIM in general are "scale of culture change required / lack of flexibility" 262 
and "lack of procurement in the supply chain" [15]. Implementing new processes in an organization 263 
means that the culture of the organisation changes, which entails risks and challenges that are not 264 
limited to financial considerations, but also involve the flexibility or diversity of the organisation's 265 
people and systems [15,16]. In addition, contractors striving to deliver a BIM project also expect 266 
their subcontractors to be "BIM-literate". It is to this end essential that the BIM software packages 267 
used by the various project participants are "interoperable" in order to achieve the benefits of better 268 
collaboration. Without this, the concept of collaboration is a sham and, instead of streamlining 269 
communication in the supply chain, BIM will act as a barrier [1,2]. Furthermore, it should not be 270 
forgotten that if the investment in BIM software is a financial burden for large main contractors, it 271 
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is also likely to be financially out of reach of their subcontractors [15]. 272 
 These barriers of BIM were also polled in the survey for this research to see if there are 273 
similarities between the different studies. 274 

2.2.4. Current situation in Europe 275 

The BIM concept has attracted a great deal of attention in the past few years. However, for many it is 276 
still a novelty. The ideas and technologies behind the BIM concept have in fact been evolving for 277 
more than fifty years [35]. In this respect, the concept was first initiated in the 1970s, but only received 278 
due attention when Autodesk released the “Building Information Modelling” guide in 2002. Since 279 
then, BIM has been deeply rooted in various areas of research and development. Conversely, 280 
implementing BIM in practise is a different story [35]. 281 
 The Belgian construction industry is lagging behind in this digital transition compared to other 282 
European countries, such as France, the Netherlands and the United Kingdom [11,19]. In January 283 
2014, the EU Public Procurement Directive (EUPPD) entered into force, which, among other things, 284 
recommended modernising European public procurement rules through the use of electronic tools, 285 
such as BIM, for public procurement [36]. The adoption of the directive meant that all 28 European 286 
member states had to encourage, specify or oblige the use of BIM for publicly financed construction 287 
and building projects in the European Union by 2016 [36]. Today, the use of BIM for publicly funded 288 
construction projects is already mandatory in the United Kingdom, the Netherlands, Denmark, 289 
Finland and Norway. In contrast to these countries, the use of BIM for public procurement is not yet 290 
mandatory in Belgium but is increasingly being prescribed by government and semipublic 291 
authorities [36].  292 
 Certain countries have set themselves ambitious targets, even before the European directive was 293 
adopted [11]. The United Kingdom has embarked on a thorough modernisation of the construction 294 
sector since 2011, mainly through digitisation. The aim was to achieve a 20% reduction in construction 295 
costs, execution times and building management costs. Other countries in the Union had already 296 
imposed the use of BIM in their public building contracts. Finland did this in 2007 and the 297 
Netherlands in 2011 [11].  298 
 From the moment BIM was investigated in Europe, the Netherlands has always been at the 299 
forefront of BIM implementation [19]. This is also visible in the report of the USP's European 300 
Architectural Barometer, which shows longterm trends in the use of BIM by architects [19]. The report 301 
is based on a quantitative market survey in which between 150 and 200 telephone interviews with 302 
architects were conducted in eight European countries (Spain, Italy, France, Belgium, the 303 
Netherlands, Germany, Poland and the United Kingdom) [19]. 304 

Figure 6. The use of BIM within Europe. [19]. 305 

 306 
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If the use of BIM among architects is analysed by country in Europe, it is clear that the Netherlands 307 
has a leading position by far, with 81% of architects already using BIM. This is twice as high in 308 
contrast to Belgium, which probably has to do with business culture. In the Netherlands, the market 309 
is more digitised and is more used to cooperation between the various stakeholders in the 310 
construction industry [19]. For these reasons, it is interesting to look at how the implementation of 311 
BIM is taking place in the Netherlands and how they are positioning themselves in relation to it. 312 
 In the Netherlands, the Bouw Informatie Raad (BIR) has always played a very important role 313 
during the introduction of the BIM concept. They stimulate companies in the construction industry 314 
to become more proficient in the use of BIM and thus to grow to a higher BIM level [37]. In order to 315 
better steer the construction sector, various studies were carried out to find out the state of affairs. 316 
A good example of this is the BIM Maturity Sector Analysis [7,8]. In May 2014, commissioned by 317 
the BIR and Nederlandse Vereniging voor Inkoopmanagement (NEVI), the University of Twente 318 
launched a two year study into BIM maturity in the Dutch construction sector [7,8]. As the first part 319 
of the study, a sector analysis was carried out among fifty companies [8]. In addition to the previous 320 
sector analysis conducted in 2014, an online survey was conducted among 105 organisations at the 321 
beginning of 2016 [7]. The aim was to form a better picture of the differences and similarities 322 
between subsectors with regard to BIM maturity. The results showed that the highest average 323 
maturity score across all subsectors was achieved on the 'strategy' criterion. This shows that, on 324 
average, the management of the interviewed organisations values the application and development 325 
of BIM. Furthermore, many organisations in various subsectors indicate that the greatest challenges 326 
lie in the area of "people and culture". The BIM managers and BIM drivers claim that working habits 327 
cannot be changed overnight. This is a gradual process that needs to be supported by good 328 
information, training and guidance [7,8]. According to this study, 3D clash detection is at the top of 329 
the list of the most important BIM applications, because it provides the greatest added value by 330 
reducing failure costs. The following main benefits are: increasing efficiency and reducing lead time, 331 
optimising processes, strengthening the competitive position and improving information 332 
management. Moreover, the main barrier that emerged in this research was the lack of knowledge 333 
and experience about BIM that slowed down the implementation and expansion of BIM applications 334 
[7,8]. 335 
 Similar investigations were also carried out in Belgium. At the beginning of 2017 the 336 
Confederatie Bouw carried out a survey [11]. Until then, there were hardly any reliable statistics 337 
available on the digitisation of the Belgian construction sector. That is why the Confederatie 338 
organised a survey among its members in the runup to its BouwForum 2017 [11]. It was a thorough 339 
attempt to find out the degree of digitisation among Belgian construction companies and their 340 
attitude towards it. 272 contractors took part in this survey, distributed across the four major 341 
subsectors of carcass construction, installations, finishing and civil engineering reflecting a good 342 
existing distribution in the sector. The results showed that BIM was still little known and that, on 343 
average, a small 30% of contractors were familiar with digital technologies and only 5% of them 344 
used them properly. The inhibiting factors here were mainly the lack of usefulness for the 345 
production process because it was not seen as necessary for the functioning of the company and the 346 
limited demand for these technologies. The other reasons quoted are (in descending order of 347 
average frequency) cost, lack of time and lack of staff with the necessary background. For BIM, 348 
however, the lack of time was cited as one of the biggest barriers. Nevertheless, this delay was not 349 
very worrying as the BouwForum 2017 proved that the sector was interested and wanted to actively 350 
prepare for the digital transition. The large majority of the construction companies that had 351 
knowledge of the digital tools but were not yet using them declared that they were ready to apply 352 
them in the very near future [11]. 353 
 A more recent study was carried out by the Belgian Research Centre, which developed an online 354 
tool, the Digi-Barometer, to benchmark Belgian road construction companies in terms of digitisation 355 
[9]. This is an online self assessment tool that uses a series of detailed questions to measure the 356 
degree of digitisation of companies. The first edition of the analysis report, highlighting the results 357 
of the Digi-Barometer for Road Construction, showed that all types of companies, from small to 358 
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large, at least intend to digitise their business processes. They are driven by an urge for efficiency 359 
and the question of how they can continue to distinguish themselves from the competition. A total 360 
of sixty construction companies took part in the benchmark exercise because of their intention to 361 
work more efficiently and digitise their business processes [9]. 362 
 In practise, despite its multiple benefits, the implementation of BIM has been very slow. This 363 
form of digitisation is not obvious to everyone and people deal with it in their own way. It is 364 
important that sufficient attention is paid to the weak links in the process. This is because the 365 
collaborative process within BIM is like a chain. If one link in the chain does not cooperate 366 
effectively, it hinders the others from performing their function optimally and properly. The 367 
presence of these weak actors is currently holding back the further evolution of BIM due to the 368 
presence of some certain barriers.  369 

3. Results and discussion  370 

In this section the results of the survey on the occurrence of BIM-oriented working within the (road) 371 
construction sector are reported and discussed.  372 
 The survey was completed online in the early part of 2020 by 139 respondents. However, the 373 
number of valid surveys is equal to 122. Table 1 shows an overview of the dataset and how it is 374 
subdivided. It is striking that most respondents work in a large company and are active in the road 375 
construction sector.  376 
 After part I, respondents were given the choice to finish the survey and only 42 respondents 377 
completed the questionnaire. For these reasons, a new overview of the demographics of the 378 
remaining respondents is also given in Table 1. Again, most respondents work in large companies, 379 
but in contrast to part I, most of them are active in civil engineering. 380 
 381 

Table 1. Demographical data of the respondents 382 
Company size Part I (n=122) Part II (n=42) 

Self-employed 5,7% 0,0% 
Small enterprise (< 50) 20,5% 24,4% 
Small to medium-sized enterprise (≥ 50 and < 250) 19,7% 14,6% 
Big enterprise (> 250) 54,1% 61,0% 

Sector   
Road construction 27,9% 12,2% 
Residential 8,2% 9,8% 
Industrial 5,7% 9,8% 
Commercial 10,7% 12,2% 
Civil engineering 27,9% 39,0% 
Other 19,7% 17,1% 

Function   
Architect/designer 13,1% 17,1% 
Management (senior management + project director) 29,5% 24,4% 
Site management (project manager + technical assistant + site manager) 28,7% 26,8% 
Engineering offices (stability engineer + technical engineer) 9,0% 7,3% 
BIM function (BIM modeler + BIM manager + BIM coordinator) 13,9% 14,6% 
Other 5,7% 9,8% 

3.1. Part I 383 

3.1.1. Results digitisation 384 
Belgian (road) construction companies all face the same challenge: digitisation is a must, but at the 385 
same time a time consuming and intensive process. Most people realise that technological 386 
developments need to be kept up to date, but how are the first steps taken? 387 
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 The analysis of the survey shows that 48% of the participants are already fully engaged in the 388 
transition to a digital company and have already started innovative digitisation actions or projects. 389 
Only 39% are fully digitised and are actively engaged in digitisation in their construction sites. What 390 
is striking in Figure 7 is that a large part has already realised the transition within their company, but 391 
that there is still a small 13% within the (road) construction sector, which is hardly or not at all 392 
involved with digitisation. It is important that this minority receives the necessary attention, because 393 
they are usually the cause of the slow transition. 394 
 395 

Figure 7. Q5: Level of digitisation in the company. 396 

 397 
Looking at the company profile of these respondents, who are sporadically or never involved in 398 
digitisation, it appears that 58% of them are active in the road construction sector, 21% in the 399 
residential sector and 21% in civil engineering. The majority of respondents who have already made 400 
the switch and are actively digitising their business processes are active in civil engineering with 29%. 401 
 An important aspect of this switchover is the way in which communication and cooperation 402 
between the various links takes place. Taking a look at the results in Figure 7, it is expected that most 403 
of the people in the (road) construction sector communicate using 3D digital files or even via a 404 
collaboration platform, because the majority has realised the transition to a digital company. 405 
However, on the question "Q6: How do you process, obtain or share your plans during a 406 
collaboration" it appears that in practise during a collaboration 42% of the processing, obtaining or 407 
sharing of the plans is still done on the basis of 2D digital plans and even 13% on the basis of paper 408 
plans or scanned PDF. Only 21% of all respondents uses 3D digital plans and 24% uses a 3D building 409 
information model on a collaboration platform. This is also one of the reasons why certain problems, 410 
such as high failure costs, still occur today.  411 
 Digitisation is a broad concept in which the ways of collaboration and communication also have 412 
to undergo a digital transformation in order to obtain an optimal result. This optimal result can be 413 
achieved by striving for opportunities to reduce project costs, increase productivity, reduce lead time 414 
and improve quality [38]. In order to achieve these goals, the costs of failure must first and foremost 415 
be reduced, which is a major problem within the (road) construction sector. Most of these failure costs 416 
occur during the execution and delivery of a construction project and are estimated at 43% of the total 417 
failure costs during a project [26]. The main cause of this is the weak communication and information 418 
exchange at the construction site, which occurs during all phases. In addition, it is not always easy to 419 
clearly communicate observed deviations to the responsible (sub)contractor. This description must 420 
contain sufficient and clear information so that it can be rectified. In practise, however, this is not 421 
always possible due to the high time pressure, resulting in relevant information being omitted [26]. 422 
 Looking at the respondents' company profiles, regarding to the communication between the 423 
different links using a 3D building information model on a collaborative platform, reveals that 38% 424 
is active in civil engineering and only 7% in road construction. Within road construction, 50% of the 425 
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communication is still based on 2D digital files and 18% on 3D digital files. In addition, it appears 426 
that 26% in the road construction sector still communicate on the basis of paper plans or scanned 427 
PDF. 428 
 In the transition from 2D to 3D, a 3D visualisation of the building is displayed without any 429 
additional properties being linked to the objects. Only when switching to BIM, a digital building 430 
model is created that makes use of architectural, intelligent objects. Additional properties are then 431 
linked to all these objects (e.g., the choice of materials and dimensions) [7,8,30,31]. In this process, all 432 
information is only entered once, so the chance of errors is much lower than in a traditional building 433 
process. In addition, there are several possibilities to add extra dimensions such as planning and costs 434 
to these digital building models [7,8,30,31]. 435 

3.1.2. Results BIM 436 
BIM plays a very important role in the digitisation process of the (road) construction sector [1]. It is 437 
one of the most important developments that help realise the transition to a digital company [1,2]. As 438 
mentioned earlier, BIM has the potential to lead to better results, time savings, a reduction in failure 439 
costs, fluent management and maintenance of a construction. In this respect, communication forms 440 
the basis and it is possible to perform a clash detection at an early stage and to align the various aspect 441 
models. This means that conflicts and differences can be detected at an earlier stage and can be 442 
resolved at a lower cost [11,31]. 443 
 Thanks to these advantages, it has been very popular in the past few years, which is noticeable 444 
in the analysis. 55% of the respondents know in general how it works and 32% have a broad 445 
knowledge of BIM. However, there are still a small number of people, 13%, in this sample who know 446 
nothing about BIM or have never heard anything about the BIM concept. This mainly concerns people 447 
active in the road construction sector. 448 
 The enormous attention that has been attached to working with BIM in recent years has 449 
subsequently ensured that most of them also have been able to make the switch from a traditional 450 
building process to a building process with BIM. This is also visible in the results which show that 451 
57% of the respondents have worked with BIM before. Looking at this in more detail and examining 452 
the company profiles of these respondents, it is remarkable, as shown in Figure 8, that most of the 453 
respondents who answered yes are active in the civil engineering sector and only 13% in the road 454 
construction sector. Among the respondents who have never worked with BIM, on the contrary, it is 455 
striking that those who are active in the road construction sector take the lead with 47%. This is very 456 
high compared to the other sectors. 457 
 458 

Figure 8. Q11: Have you ever worked with BIM? 459 

The main reason why most respondents in this research, who do not use it, have not been able to take 460 
this step yet, is the lack of knowledge and experience. This relates to the fact that this has almost 461 
never been requested by the client or due to lack of time. The implementation of BIM requires a 462 
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substantial investment in hardware and software, which requires constant training and investment. 463 
After the training, staff will also have to familiarise themselves first with that, which will reduce the 464 
productivity and speed of designs in the first phase [30]. 465 
 However, for this group it is clear that there are opportunities to make the transition in the near 466 
future. If the necessary management support and investments are involved, 43% of the participants 467 
are prepared to use BIM in the future. In addition, 40% of the respondents see many benefits and 468 
would therefore like to make the transition as soon as possible. Again, there are a number of 469 
respondents who are turning their backs on the whole BIM story. 13% would like things to stay the 470 
way they are and do not see a switch to BIM as necessary. 471 
 It is also striking that within the group of respondents, who have already had to work with BIM, 472 
not everyone is equally active with BIM. Figure 9 shows that the use is very widespread and that only 473 
33% of these participants have been able to realise the switch almost completely and very often use 474 
BIM during the construction processes. The respondents in this group are mainly active in civil 475 
engineering. Respondents who work the least with BIM (0%-20%) are mainly active in the road 476 
construction sector. 477 

Figure 9. Q14: The frequency of BIM 478 

During certain construction phases, the BIM process can lead to remarkable benefits. The study 479 
shows that these advantages arise mainly during the construction phase and in determining 480 
quantities and costs. In parallel, an analysis of the main benefits revealed that most respondents 481 
experience an increase in productivity, an increase in the involvement of project staff and a reduction 482 
in unpredictable costs in a construction process with BIM. This is in line with Salman Azhar's (2011) 483 
research, which reveals that the integration of BIM mainly improves communication and cooperation 484 
between the different project partners, which in turn leads to an increase in efficiency, productivity 485 
and quality of the product and a reduction in failure costs [2]. Moreover, these results are consistent 486 
with the research carried out by the University of Twente, which shows that the main drivers of BIM 487 
are working more efficiently and reducing failure costs [7,8]. 488 
 The study by the University of Twente showed that the most important application of BIM was 489 
the 3D clash detection, which, due to its presence, can reduce failure costs by filtering the errors at an 490 
earlier stage [7,8]. This is in line with the results of this study. As shown in Figure 10, most 491 
respondents agree that the 3D clash detection is the most important application of BIM, followed by 492 
the possibility to derive as-built or design plans and the cost estimation. 493 
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Figure 10. Q19: The most important application of BIM 494 

3.2. Part II 495 

In order to get a better idea of the respondents' position on the BIM concept, a number of statements 496 
were drawn up in the survey. This part of the survey was nonbinding and was only fully completed 497 
by 42 respondents. A demographic comparison has already been made in Table 1. In addition, it is 498 
also important to know how these 42 respondents position themselves against the BIM concept in 499 
order to draw conclusions and generalise them to the entire sample. Therefore, it must be proved that 500 
this group does not differ from the total respondents in terms of their attitude towards BIM. This 501 
excludes the possibility that the remaining respondents all happen to be BIM adherents or not, as this 502 
could strongly influence the interpretation of the results. This comparison is shown in Figure 11, 503 
comparing the attitudes of the two different groups, i.e. all participants and those who completed 504 
part II, towards the BIM concept. 505 
 It is striking that there are relatively more BIM adherents in the remaining group of respondents. 506 
It is important that this is taken into account when interpreting the results. In both groups the 507 
majority of respondents are in category 3, i.e. good information exchange with regular consultations 508 
and shared platforms, and only a small minority in category 1, i.e. information exchange via mail 509 
without additional consultations. In addition, there are also relatively less people in category 2, where 510 
there is an information exchange via mail with the possibility of additional consultations. 511 

Figure 11. Q7: How does the communication and cooperation between the different project partners take place? 512 
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3.2.1. The benefits of BIM 514 

It can be deduced from various sources that working with BIM has many advantages [1-515 
5,7,8,10,11,16,17,25-27]. The previous literature study showed that the integration of BIM primarily 516 
improves communication and cooperation between the various project partners. This transparent 517 
exchange of information in turn leads to an increase in the efficiency, productivity and quality of the 518 
product. In addition, good communication leads to a reduction in failure costs because most errors 519 
can be filtered early on in the process. In this section, these benefits are analysed on the basis of 520 
various statements. 521 
 It is very clear that the results from the survey are in line with the literature study. 88% of the 522 
participants fully agree that BIM facilitates information management, the flow of information and the 523 
sharing of this information between the different project partners. In addition, the opinions on the 524 
increase in productivity, efficiency and quality are similar. Table 2 shows that the majority of 525 
respondents experience these benefits when using BIM during the construction process, but that there 526 
are also respondents who do not agree with this. This is most probably due to the fact that not 527 
everyone within the company has sufficient knowledge about BIM, which means that external people 528 
have to be called in for considerable things. As a result, in some cases, productivity and the speed of 529 
the transition is reduced [7,8,14]. In addition, the labour intensity at the beginning of the BIM process 530 
by adding all the available information, deters some, which quickly slows down the transition [4,6]. 531 
However, once the transition has been made and users are more familiar with BIM, the labour 532 
intensity at the beginning of the process is recovered in the following phases [4,6]. 533 
In Tables 2 and 3 an additional overview is given of the benefits and barriers that were questioned in 534 
this study. 535 

Table 2. The benefits of BIM (n=42) 536 
Corresponding 

question in 
survey 

Benefit I agree 
I partly 
agree 

I 
disagree 

Q21 Increasing efficiency 76,2% 14,3% 9,5% 

Q22 
Facilitates the flow of information and the 
exchange of information. 88,1% 9,5% 2,4% 

Q23 Improves the quality of the design 78,6% 16,7% 4,8% 

Q24 Improves coordination between the 
different parties 

88,1% 9,5% 2,4% 

Q30 
Clash detection ensures that construction 
conflicts can be filtered much earlier in the 
process. 

92,9% 7,1% 0% 

Q32 Positive impact on the productivity. 76,2% 11,9% 11,9% 
Q33 Improves project results. 81,0% 11,9% 7,1% 

Q34 
It is a good source of information to realize 
the project without many problems and 
additional costs. 

71,4% 19,0% 9,5% 

Q37 
Cost estimation and planning can also be 
estimated, which reduces failure costs and 
material wastage. 

64,3% 21,4% 14,3% 

Q38 
Changes can easily be adapted to the 
different plans because everything is 
linked together. 

71,4% 21,4% 7,1% 

Q42 The bill of quantity, drawn up on the basis 
of a BIM model, contains fewer errors. 54,8% 23,8% 21,4% 

Q44 Enables a more accurate price offer. 52,4% 28,6% 19,0% 

Q45 
4D-planning based on BIM shows clearer 
availability of resources (people + 
machines). 

52,4% 38,1%% 9,5% 

 537 
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Table 3.  The barriers of BIM (n=42) 538 
Corresponding 

question in 
survey 

Barrier I agree I partly 
agree 

I 
disagree 

Q25 

Sufficient knowledge is not always 
available within the company, so external 
people have to be called upon. This 
reduces productivity and the speed with 
which the switchover takes place. 

50,0% 21,4% 28,6% 

Q26 
Introduces new problems related to the 
payment of certain information and 
ownership of information. 

35,7% 35,7% 28,6% 

Q27 It requires too much effort and time. 42,9% 16,7% 40,47% 

Q31 
Requires a high economic investment 
(software, training...), which cannot be 
recouped in the short term. 

50,0% 23,8 26,2% 

Q39 
The cooperation process within BIM is like 
a chain. If there is one link that does not 
cooperate, the BIM concept disappears. 

61,9% 19,0% 19,1% 

In Part II, the clash detection, which is the most important application of BIM [4,7,8,10,16,17,25,27,31], 539 
was questioned anew in Q30 and again, 92.9% of the respondents agreed that this application ensures 540 
the detection of errors when the different aspect models of the different chains are overlaid. When 541 
using BIM during a construction process, the problems and additional costs are much lower 542 
compared to the traditional construction process. 543 
 Finally, it is very important that the participants, who do not experience the BIM process very 544 
positively, are given the necessary attention. They are the links that ensure that the cooperation 545 
process within BIM does not always run very smoothly.  546 

3.3. Correlations and t-tests 547 

In order to further analyse the results and to be able to generalise them to the population, correlations 548 
are drawn up. This involves checking whether the company profile (company size and sector)2 of the 549 
respondents has a statistical connexion with the digitisation process and use of BIM. Only the 550 
significant results are discussed here. This means that for these results, the null hypothesis, which 551 
states that the results from the sample cannot be generalised to the entire population, may be rejected. 552 
The significance limit of p < 0.05 is used for this analysis. In this case, it can be stated that when the 553 
probability that the null hypothesis is valid is less than 5%, it is rejected and thus the results can be 554 
generalised. 555 
 For the purpose of these analyses, the variable sector is recoded to an ordinal variable. The 556 
recoding is shown in Table 4. The variable business size is already coded in an ordinal way. 557 

Table 4. Recoding sector 558 
Actual coding New coding 

Road construction 1 
Residential 2 
Industrial 3 
Industrial 4 
Civil Engineering 5 

In addition, t-tests are also carried out in order to compare the averages of two different groups. In 559 
these tests a comparison is made regarding the company size and a recoding of this variable is made 560 

 
2 The variable "function" has been omitted as it gave no significant results. 
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to small companies (≤ 50 persons) and large companies (> 50 persons). Furthermore, a comparison is 561 
made by sector in which this variable is recoded into the road construction and the construction sector 562 
(residential, industrial, commercial and civil engineering). 563 

3.3.1. Digitisation 564 

The lack of budget and other resources is usually cited as one of the reasons for delaying the 565 
digitisation of companies [7,8,14-16]. In addition, there must also be people available in the company 566 
who can initiate the transition to a digital company through various training courses [7,8,14-16]. 567 
Making sure these people are available and making a budget available is not easy for every company. 568 
In general, it can be expected that larger companies will have more people available and have more 569 
budget to start the digitisation in the company [20]. When looking at the results of the t-tests in Table 570 
5 and Table 6, it is clear that there is a significant difference in the variance between small and large 571 
companies. 572 

Table 5. Group statistics 573 
 Company size n Mean Std. Deviation Std. Error mean 

Digitisation 

Small companies 
(≤ 50 persons) 32 3,12 ,91 ,16 

     
Large companies 

(> 50 persons) 90 3,30 ,63 ,07 

 574 
Table 6. Independent t-test 575 

 Levene’s Test 
for Equality of 

Variances 

 t-test for 
Equality of 

means 

 t-test for Equality of 
Means 

F Sig.  t df  Sig. (2-
tailed) 

Mean 
Difference 

Digitisation 

Equal variances 
assumed 4,48 ,036 

 
-1,20 120 

 
,233 -,18 

      
Equal variances 

not assumed 
   -1,01 41,98  ,319 -,18 

When the relationship between the sector and digitisation is subsequently examined, there is a 576 
significant correlation value of 0,237. This indicates a weak positive linear dependency. Since the 577 
variable sector has been recoded, this can be interpreted as follows: the sector has a moderate positive 578 
correlation with digitisation, with civil engineering making more use of digitisation than road 579 
construction. 580 

3.3.2. BIM 581 

The results of the t-tests give a significant difference in variance for the coherence between the 582 
knowledge of BIM and the sector. The respondents active in the road construction sector have a 583 
mean of 2,94 on a scale from 1 to 4, where 1 represents 'no knowledge of BIM at all' and 4 represents 584 
'I have an extensive knowledge of BIM'. This means that on average these respondents lean towards 585 
category 3 of ‘knowledge BIM’ which says they broadly know how BIM works. The respondents 586 
active in the construction sector (residential, industrial, commercial and civil engineering) have a 587 
mean of 3,41. This means that on average these respondents are between category 3 and 4 of 588 
‘knowledge BIM’ which means they are in between a broadly knowledge of BIM and an extensive 589 
knowledge of BIM. To conclude, this group has a significant higher mean than the respondents 590 
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active in the road construction group and thus they have more knowledge of BIM. However, the 591 
standard deviation shows that the difference in mean is not that large.  592 

 593 
Table 7. Group statistics 594 

 Sector n Mean Std. Deviation Std. Error mean 

Knowledge 
BIM 

Road Construction 34 2,94 ,55 ,09 
     

Construction sector 64 3,41 ,58 ,07 

 595 
Table 8. Independent t-test 596 

 Levene’s Test 
for Equality of 

Variances 

 t-test for 
Equality of 

means 

 t-test for Equality of 
Means 

F Sig.  t df  Sig. (2-
tailed) 

Mean 
Difference 

Knowledge 
BIM 

Equal variances 
assumed 

9,99 ,002  -3,84 96  ,000 -,47 

      
Equal variances 

not assumed 
   -3,91 71,26  ,000 -,47 

3.4. Future vision 597 

The respondents' vision of the future gives a prediction of what the (road) construction sector will 598 
look like in the coming years. The majority, 67% of the participants (n=122), believe that the use of 599 
BIM will add value to their organisation, because in addition to avoiding the costs of failure and the 600 
problems, it also allows them to derive measurement and progress statements from the BIM model 601 
and then link this to logistical and/or accounting systems. However, 17% of the respondents believe 602 
that BIM will only offer added value in terms of failure costs and problems on site due to the 603 
presence of the 3D class detection. There are also participants, 5% (n=42), who are not equally 604 
optimistic and do not believe that BIM can provide added value for their organisation. These people, 605 
who still have to be convinced of the benefits that BIM has, are present within the road construction 606 
and industrial sector. 607 
 The awareness that BIM will gradually take over the (road) construction sector and that there is 608 
a need to evolve together is high. This was also remarkable in the analyses which showed that 97% 609 
of the respondents will develop further in the future. A number of reasons for this, stated by the 610 
respondents, were for example: "BIM is the future", "There is no way back", "Too many benefits to 611 
ignore" and "standing still = going backwards". 612 
 The biggest challenges at the moment are to ensure that each link, including the smaller ones, is 613 
persuaded to pull the same rope to bring the BIM process to a successful end. This mainly concerns 614 
people who are not used to using software on site, let alone 3D models. Only if all partners are 615 
involved in the BIM principle and follow the same rules, it will be possible to really work together 616 
[1,2]. Nowadays, it is usually one part that is already further ahead and wants to take the rest with 617 
it. In addition, managing and sharing the information is also an important challenge. Several large 618 
companies can sometimes request a payment in exchange for sharing their information, which leads 619 
to unnecessary costs and difficult cooperation [15]. As a solution to this, it is necessary to make good 620 
agreements between the various parties involved at the beginning of the process and to be sure of 621 
the good will to cooperate. It is very important that the cooperation process is described in a 622 
structured and clear way, so that each stakeholder knows what the expectations are and what their 623 
responsibilities are for providing information [15]. 624 
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5. Conclusions 625 
In the past few years the development of BIM has progressed strongly, due to its increasing use in 626 
the sector. As a result, the challenges associated with its implementation are also becoming broader 627 
as well. This implementation is not obvious to everyone and each company deals with it in its own 628 
way. In order to create a better picture of what these challenges are and what limitations are 629 
experienced today in the (road) construction companies in Belgium, a survey was carried out. The 630 
survey was based on an impact analysis, consisting of 4 different phases: the demographic 631 
background of the respondents, the BIM maturity of the respondents, the benefits and drawbacks of 632 
BIM and the respondents' vision of the future. 633 
 The questionnaire showed that 55% of the respondents are broadly familiar with the BIM process 634 
and 32% have a broad knowledge of the BIM method. However, there are still a small number of 635 
people in the sample who have never heard anything about the BIM concept. When focusing on this 636 
group of respondents, it appears that most of them are active in the road construction sector. In 637 
addition, 57% of the respondents have been able to make the transition from a traditional building 638 
process to a building process with BIM and have already worked with BIM. It is striking, when 639 
looking at the company profiles of these respondents, that most of those who have been able to make 640 
this switch are present in civil engineering and that in the group of respondents who have never 641 
worked with BIM, the road construction sector is at the top with 47%. It is essential that this group, 642 
who are turning their backs on BIM, receive the necessary attention because they constitute one of 643 
the barriers that make the implementation happen gradually. The main reasons for this reluctance in 644 
this research are the lack of knowledge and experience, insufficient demand for BIM by the customer 645 
and the lack of time to realise the switchover. This is in line with the research of the University of 646 
Twente, where the lack of knowledge and experience was also at the top of the list of barriers blocking 647 
the implementation of BIM [7,8]. 648 
 Furthermore, the implementation of BIM in the (road) construction sector is receiving a great 649 
deal of attention today because it goes hand in hand with various advantages. The main benefit 650 
experienced in the use of BIM in this study is first and foremost increased productivity, followed by 651 
an increase in project staff involvement/increased cooperation and less unforeseen costs. This is 652 
consistent with Salman Azhar's (2011) research which showed that the integration of BIM primarily 653 
improves communication and cooperation between the various project partners, that in turn leads to 654 
an increase in the efficiency, productivity and quality of the product and a reduction in failure costs 655 
[2]. Moreover, the research carried out by the University of Twente is also in line with this, which 656 
showed that the most important drivers of BIM are working more efficiently and reducing failure 657 
costs [7,8]. Reducing failure costs can be achieved by the presence of a clash detection, where the 658 
errors are already filtered at an earlier stage. For these reasons, the clash detection is one of the most 659 
important applications of BIM in this study, which is in line with several similar studies 660 
[1,2,7,8,11,15]. 661 
 In order to further analyse the results and to be able to generalise them to the population, 662 
correlations were drawn up and t-tests were carried out in order to compare the averages of two 663 
different groups. When assessing whether there is a relationship between the sector and the degree 664 
of digitisation, a significant correlation is found, which is interpreted as follows: the sector has a 665 
moderate positive correlation with digitisation, with civil engineering making more use of 666 
digitisation than road construction.  667 
 It can be concluded that most companies have already made the switch to a digital company or 668 
are in the process of preparing to do so in the near future. It is remarkable in this respect that, unlike 669 
the other sectors, the road construction sector has experienced a certain delay. In addition, there is 670 
also a difference between the degree of digitisation of large and small companies. The small 671 
companies, who are less digitised, hinder the further evolution of BIM. They are less able to make the 672 
switch due to a lack of money and resources, but are obliged to go along with the rest because it is 673 
almost impossible to do otherwise. However, the fact that many small companies have yet to make 674 
the switch means that the further evolution of BIM is hampered, as the BIM process only works if all 675 
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links, including small subcontractors, cooperate [1,2,7,8,31]. 676 
 One of the limitations of this investigation was the period in which it took place. The appearance 677 
of the COVID-19 virus caused most companies to have their staff working from home, resulting in 678 
most potential respondents not having time to complete a survey. The survey was finally completed 679 
by 122 participants, which is still a low number. In addition, it is undeniable that there have been a 680 
considerable number of surveys on this subject lately, which has led to a decline in interest in 681 
completing the survey. Finally, the second part of the survey, which gives a broader picture of the 682 
respondents' point of view, was only completed by 34% of the participants and compared to the first 683 
part these respondents had a more positive view on the BIM story. This was then taken into account 684 
when interpreting the results. 685 
 The BIM concept is something that is constantly evolving and always offers new challenges. In 686 
further research it is therefore possible to outline the evolution of BIM on the basis of previous 687 
studies. A wider public can be attracted to obtain even more significant results. In addition, it is also 688 
possible to conduct in-depth interviews in order to better understand the respondents' points of view. 689 
  690 
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