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ABSTRACT 
       While major industries begun to embrace technologies to improve revenue and 

          productivity, construction industry appeared to be lagging in many aspects of 
technology adoption. Despite the industry’s straggle, there are several innovative work 
processes getting traction these days where Building Information Modelling (BIM) sits 
at the backbone of sector’s digital strategy with the potentiality to produce voluminous 
data. Fortunately, the expected accumulation of huge BIM data can bring potential 
insights in various digital platform through proper exertion of effort especially through 
big data. Though the associations between BIM data and big data has been theoretically 
established, the effort exertion in the creation of BIM data is still in the oblivious state. 
Therefore, a study to relate the dimensions of effort and various BIM data is needed as 
a precursor for future research. The outcomes evidently depict a recognizable linkage 
among them in which intensity is the least related dimension while most of the BIM data 
related with demand.    
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1. INTRODUCTION 
          Various industries are moving forward by adopting and innovating technology whilst 

construction is still left far behind. It has been proven by McKinsey Global Institute’s 2015 
industry digitization index that construction sector is among the least digitized industry [1]. 
This undeniable scenario is happening due to the unwillingness of the construction players to 
be digitized [2]. As delineated in KPMG report, more than 80% of players in the industry are 
hesitating to incorporate new technologies [3]. Hence, it depicts the rationale behind the fall 
back of construction industry. 
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Despite the slow digitization in the industry, the digital environment is still forming its place 
  and refining albeit slowly, thus it is leading towards the formation of digital data through 

various platform. In the earlier days, computer aided design technology is the only construction 
           related adoption in construction which replace the previous practice of designing through 

           drawing boards [4]. However, recently, despite being the least digitized industry, few 
technologies like virtual reality, drone, Internet of Things, Building Information Modelling 
(BIM) software have been adopted in the industry where some of them are still at infancy stage 

      [5]. These  technological adoptions  show the  effort being  exerted by  key stakeholders  in 
construction.   

          Amid these technological adoption, BIM software is  playing a significant role in  the 
industry where it is being recognized as among the most applied technologies [6]. This is due 
to fact that activities like collaboration, collision detection, forensic analysis, visualization and 
others were quite impossible before the BIM applications in the construction [7, 8]. In addition, 
BIM also being viewed as a backbone of new working method and digital strategy since the 
application is capable to connect and integrate with various kind of software [9]. Hence, it can 

       be said that BIM applications is among the main contributor towards the improvement of 
construction activities and generation of utilizable digital data in the construction industry.  

As it is expected that BIM applications could pave the way to leap the industry further, there 
is an essentiality to explore the level of effort that are being exerted in the creation of BIM data 
since the voluminous BIM data can bring potential insight especially through big data platform. 

  However, there are lack of studies that emphasize the relationship of effort and BIM data 
creation which impede the possibility to carry out the research further. Thus, a study of these 
two domains is being conducted as a prerequisite for the main research. Thus, the aim of the 
paper is to establish the link between the dimensions of effort and BIM data.  There are two 
objectives that need to be achieved: (1) to identify the relevant piece of literature that relates 
both dimensions of effort and BIM data, and (2) to identify the appropriate key dimension of 
effort to reflect the BIM data creation.  

2. BIM AND BIG DATA 
2.1 Data Creation in BIM Environment 
Generally, data in the construction industry can be in three different forms which are structured, 
unstructured and semi-structured [10]. According to Soibelman, et al. [11], the structured data 
are commonly stored within databases and prescribed by set of rules, and on the other hand, 
there is no specific rules for unstructured data which comprises of various data. As for BIM 
software, the digital data that are being stored in its tool are largely structured [12, 13].  

Currently, structured data are being formed in the BIM software which includes data such 
as types, quantities, price and brands of materials, dimensions data and other type of data [7, 
14] where all these data will be useful to provide information to the construction players on 
how the real construction going to take place. Besides, after the completion of construction, 
BIM also can generate and provide repository of data and construction related information that 
can be utilized during the operation and maintenance stage [7, 15]. Hence, it depicts that BIM 

    is  continuously  creating  data throughout  the lifecycle  of buildings  or infrastructure  from 
planning stage until operation and maintenance stage as shown in the Figure 1. 
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Figure 1 BIM Data Creation Throughout the Lifecycle [16] 

Despite the humongous creation of BIM data throughout the lifecycle of building as in 
Figure 1., the insights derivation is only possible through the appropriate platform. It can get 
much more complex when the BIM data can be created exceptionally through the integration 
with Linked open Datasets or different applications within the construction industry [17, 18]. 
This situation will lead to the incapability of the conventional storing and processing tools 
which will require another platform to ensure the voluminous data can be managed and utilized 
[19, 20].    

2.2 Prospect of Value in BIM Data 
Currently, predictive and prescriptive analytics are capable to be carried out through various 
BIM software like Revit ,BIM 360, Cubicost and others where these tools can provide insights 
in terms of thermal and visual performance, cost prediction, energy consumption and so on [21-
23]. This strongly exhibits that the BIM data can be analysed within its tool to provide valuable 

           information to the players in the construction industry. However, this feasible golden 
opportunity through analytics is being underutilized and mostly being ignored by construction 
practitioners as it has been evinced that 70% of surveyed key stakeholders were not making use 
of analytics [3].     

On top of that, the expected exponential creation of BIM data in the future will cause the 
 obsoletion of the conventional analytics, though the derivation of value from BIM data is 

currently possible through the BIM software itself. As the current method is expected to become 
obsolete in the future, the construction industry will  require to restructure the way of making 
use the digital data in BIM through innovation [24]. Therefore, the digital data can be leveraged 
to provide business value to the industry. 

2.3 Big Data as a Medium for Value Creation 
As analytics within the BIM software will become outdated due to the proliferation of BIM data 
in the future, it leads to the realization of big data in construction [21] The big data concept . 
existed for the last 3 decades, howbeit it is only being recognized lately in the sector [20]. 
Generally, big data technology has already being adopted and applied in many industries like 
manufacturing, entertainment, financial institutions and so on where they are actively using the 
technology due to its potentiality[25, 26]. However, construction is losing its potential since it 
is still at the inception stage of big data technological adoption [27].      
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Big data analytics can be considered as a savior for the unexploited digital data since it can 
   resolve the underutilization issue within the construction [12]. In the context of BIM data 

creation, the huge accumulated BIM data can be utilized for the extraction of insights which 
can lead to the formation of new kind of business and services [28]. Besides, it is a reality that 

              the big data analytics can bring betterment to the industry as manifested in various other 
industries in which they have achieved benefits in terms of cost and time savings, boost in 
productivity and increment in profits [27, 29].    

Since the adoption of big data can bring positive impact towards the construction industry 
especially in terms of advanced analytics on BIM data [30]. Hence, there was a need to establish 

     associations between BIM data and big data which have been theoretically mapped in the 
previous study. The outcomes indicated the connotations in between these two domains as 
depicted in Table 1. 

Table 1. Mapping of BIM Data Types to Big Data Attributes [31] 

 Based on the Table 1, it delineates that every one of them, either BIM data types or big 
data attributes has at least an association between them and most of them has more than two. 
These outcomes reflect that there are hypothetical connotations among them which need to be 
confirmed in the real-world construction practice.  

3. THEORIES UNDERPINNING EFFORT OF BIM DATA CREATION   
Though the associations in between BIM data and big data have been theoretically established 
in the previous study, there is a need to explore the level of effort that being exerted in the BIM 
data creation. This is because the effort level has significant impact in the creation of BIM data 
[67] which will determine the fulfillment of big data attributes .   

In general, effort can be defined as a “subjective intensification of mental and/or physical 

activity in the service of meeting some goal” [68]. There are various theories being related to 
effort such as Kahneman’s Theory, Theory of Achievement Motivation, Behavioural Change 

Theory and so on [69] where among them, the most relatable theory with the current study is 
Expectancy theory. Hence, the theory can be adopted to reflect the effort being imposed in BIM 
data creation towards big data progression. Before reflecting the effort of BIM data creation in 

             the theory, the dimensions of effort have been extracted from several scholars which are 
important for the measurement of the effort. Table 2. shows the extraction of dimensions of 
effort. 

 

 

          Attributes of 
     B  Data   ig
   

BIM Data Types 

Volume Velocity Variety Veracity Value Visualization 

Material [32]  [21] [4, 33-35]  [36] 
Design [20, 37]  [38] [19, 39] [20, 33, 38] [4, 22, , 39] 38
Dimension    [34, 39]  [4, 39] 
Cost   [21, 40] [4, 22, , 35] 33   
Specification    [41, 42]   
Schedule    [43, 44] [4] [36, 44, 45] 
Operation & 
Maintenance 

[17, 20, 32, 
46-57] 

[17, 32, 47, 
49, 50, 54, 

58-61] 

[21, 46, 48, 
50, 52-54, 59, 

62-66] 

[19, 46, 53, 
62, 65, 66] 

[17, 47, 48, 
52, 53, 63, 

65] 

[46, 51, 53, 58, 
62, 63, 65] 
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Table 2. Extraction of Effort Dimensions 

             Based on the derived dimensions of effort, review was conducted to find out the key 
dimensions that have relation with the BIM related research as shown in Table 3. In addition, 
the BIM related research have been organized in the ascending order from 2007 until 2019 
which have been randomly selected to link the key dimensions. Therefore, the Table 3 reflects 
the dimensions of effort that were being emphasized throughout those years.   

Table 3. Studies on Dimensions of Effort 
Author Dimensions of effort 

Intensity Demand Difficulty Accessibility Attention 
Penttila (2007) [ ] 71  ✓    
Azhar et al. (2008) [ ] 72    ✓ ✓ 
Mihindu & Arayici (2008) 
[ ] 73

  ✓ ✓  

Azhar (2011) [7] ✓ ✓   ✓ 
Thomassen (2011) [ ] 74    ✓  
Kubba (2012) [ ] 75 ✓     
Volk et al. (2014) [ ] 76  ✓   ✓ 
Cao et al. (2015) [ ] 33  ✓ ✓   
Lu et al. (2016) [ ] 35  ✓    
Olsen & Taylor (2017) 
[ ] 34

   ✓  

Jeong (2018) [ ] 13  ✓ ✓   
Bandi (2019)   ✓   ✓ 
Farghaly et al. (2019) [ ] 19   ✓   
Larsen (2019) [ ] 43  ✓  ✓  
Matarneh et al. (2019) [ ]  62    ✓  ✓  
Moreno et al. (2019) [6]    ✓ ✓ 
Olawumi & Chan (2019) 
[4] 

  ✓ ✓  

 

Author Title Content Dimensions 

Inzlicht, Shenhav 
& Olivola (2018) 
[ ]68  

The effort paradox: Effort 
is Both Costly and Valued, 
Trends in Cognitive 
Sciences 
 

Human & animals are applying more effort 
for better outcomes. 
Effort refers to intensity or amplitude of 
behaviour. 
Effort typically tracks demand where people 
work harder when the task is more difficult. 

-Intensity 
-Demand 
-Task difficulty       

Kahneman 
(1973) [ ] 70

Attention and Effort, 
Prentice-Hall Series in 
Experimental Psychology 
 

The terms "exert effort" and "invest capacity" 
will often be used as synonymous for "pay 
attention." 
When the supply of attention (effort) does not 
meet the demands, performance falters, or 
fails entirely. 
The indications are that effort is related to the 
dimension of accessibility.  
The amount of attention or effort exerted at 
any time depends primarily on the demands of 
current activities. 

-Attention 
-Demand 
-Accessibility 

Thomas (1983) 
[ ] 69

Notes on Effort and 
Achievement Oriented 
Behaviour, Psychological 
Review 

The relationships among average effort and, 
for example, level of task difficulty and 
efficiency of performance are being discussed 
within the theory. 
Effort would be positively correlated with 
task difficulty. 

-Task difficulty 
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Table 3 depicts that four of the key dimensions have appeared and linked with at least in 5 
              numbers of articles where the highest is demand dimension which has been covered in 9 

different articles. Meanwhile, the intensity dimension is the least emphasized and seems lacking 
in various studies. Hence, intensity will be selected as the key dimension that will be reflected 
as a part of the main research. As the least concerned dimension itself is achievable through the 
upcoming study, it is expected other dimensions also will be fulfilled in the effort of BIM data 
creation.  

On the grounds that one of the key dimensions of effort has been selected, Figure 2 depicts 
on how the BIM data creation, intensity dimension and big data attributes can be reflected in 
the Kahneman’s Expectancy Theory. Besides, Figure 2 also illustrates different BIM data types 

that are leading towards the fulfilment of big data attributes. Thus, the theoretical framework 
demonstrates the process that need be undergo by BIM data creation to become big BIM data.     

 

Figure 2 Theoretical Framework 

4. CONCLUSIONS 
           The research is constrained by limited articles accessible through UTM database only. 

However, the study still managed to overcome the oblivious state by identifying the essential 
linkage between dimensions of effort and BIM data creation. The result of the current research 
is crucial to become the basis to conduct further the main research entitled effects of BIM data 
creation on big data progression in construction. Therefore, the research can verify whether the 
current effort exerted in BIM data creation will have an impact on big data progression or 
otherwise in the real-world practice. 
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