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 Abstract: Management of construction enterprises requires experience or managerial 
competencies. To achieve successful results of construction enterprises and projects, for example 
as cost reducing, increasing revenues, shortening construction time, both are necessary. Building 
information modeling represents technology for developing of managerial skills for managers. 
Main aim of research is to analyze and quantify the management decisions based on managerial 
competencies developed through building information modeling on results of construction 
enterprises in Slovakia. Cost reducing, increasing of revenues and shortening construction time 
are main monitored by enterprise and project results. Research hypotheses are based on the 
assumption that building information modeling has a positive impact on development of 
managerial competencies and skills and manager’s t decisions. 
 
 Keywords: Management decisions, Managerial competencies and skills, Building 
information modeling technology 

1. Introduction and problem statement 

 The construction industry plays an important role in national economics, 
contributing significantly to countries’ socio-economic situations, Gross Domestic 
Product (GDP), and employment ratios [1]. The construction industry presents one of 
the most valuable sectors in the economy [2]. Current times require decision-making 
based on relevant information and experience of managers in every field. Information 
and communication technologies are a good tool for collection and use of relevant 
information for decision-making, generally. Management of construction enterprises 
also requires experience or managerial competencies [3]. To achieve successful 
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performance of construction enterprises and projects, for example cost reducing, 
increasing revenues, shortening construction time, both are necessary. Building 
Information Modeling (BIM) is increasingly getting into the awareness in the 
construction industry. BIM is the process of creating and managing data about the 
building during its life cycle. BIM has become a part of management tools in modern 
construction enterprises. BIM represents technology for developing of managerial skills 
for managers [3]. Based on these facts, there are several questions: What is the use level 
of BIM in construction enterprise? How big is impact of BIM technology on 
development of managerial competencies and skills? What is impact of managerial 
competencies and skills on enterprise results? What are differences in results of 
construction enterprises (revenues, cost savings and shortening construction time) with 
BIM using? 
 After asking these basic questions, there is space for clarifying the observed 
business results. This is a somewhat greater problem and defining these categories is a 
more complicated process. The observed results can be considered as profit, sales, 
profitability indicators and the like. But in the construction industry the situation is 
different. Of course, these basic indicators can also be compared, but in the context of 
BIM technologies, the cost-saving indicator and shortening construction time in terms 
of profitability are important. 

2. Development of managerial competencies through BIM technology 

 Managers and their managerial competencies could affect to the competitiveness and 
economic performance of each company [4]. Managerial competences have been 
examined in several countries worldwide. According to the European Commission’s 
survey, the largest requirements are for working with data and knowledge [5]. 
Generally, a few researches point to the need for effective work with the data. It is 
necessary for proper decision making on the basis of relevant information. Extensive 
research was conducted in the United Kingdom in January two years ago [6]. Research 
was realized by Department for Business innovation and Skills of United Kingdom. 
This research answered on questions as: What is the current demand for digital skills 
across the economy and what are the different types of digital skills requirements? 
According this research, the use of digital channels also improves the way public 
services are delivered at the national and local levels [5], [6]. Capgemini Consulting 
claims that 90% of companies said lack digital and managerial skills of their managers 
[7]. In spite of this fact, only 46% of companies are investing in developing digital and 
managerial skills. From this research is known that, existing efforts to develop skills are 
out of sync only 4% of enterprises align their training efforts with their digital strategy. 
Almost 77% of small and medium-sized enterprises in United Kingdom are having not 
basic digital skills [6]. Based on research conducted by the Department for Business 
innovation and Skills of United Kingdom, 35% percent of construction companies 
began to provide training for the acquisition of digital competence in new technology. 
The acquisition of information for correct decision making is in disputable. Based on 
multiple researches, BIM technology helps to collect and work with building project 
information [3]. This allows for greater managerial competencies for managers. 
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 BIM technology represents tool that can positively affect to increasing digital and 
managerial skills by using. In the context of construction industry, BIM means the 
process of delivering assets using well-structured digital information that all the 
necessary parties have access to this digital information. It has all the necessary for 
participants or stakeholders [8]. The term building information modeling is increasingly 
getting into the awareness in construction industry. The first mention of the BIM 
concept was recorded in 2002. Very often, the concept of BIM is perceived as a 
computer program or a 3D model that is only part of it. BIM concept has several 
definitions [9]. Building information modeling is the process of creating and data 
managing about the building during its life cycle. According to National Institute of 
Building Science (NIBS) [10], digital model represents a physical and functional object 
with its characteristics and specifics. It serves as an open database of information about 
the object for its execution and construction in all lifecycle. BIM is an organized 
approach to the collection and use of information in construction projects. A digital 
model contains image and inscription information on the design, construction and 
maintenance of the building. It is at the center of this effort. Another group of authors 
thinks BIM is a tool for generating and managing building data through the use of 
Computer Aided Design (CAD) and Information and Communication Technologies 
(ICTs). A BIM contains spatial information, material properties and allows different 
actors to exchange and update information. However BIM was used mainly as 
visualization and organization tool by the stakeholders of Architecture, Engineering and 
Construction (AEC) industry in the past, today the purpose of using BIM has changed 
and it is utilized as a process to improve the performance through the whole life cycle of 
buildings [11]. 
 In recent years, the adoption of BIM in the AEC industry has been widely 
advocated. BIM is a verb or an adjective phrase to describe tools, processes and 
technologies that are facilitated by digital, machine readable documentation about a 
building, its performance, its planning, its construction and later its operation [12]. 
Davies and Harty [13] elaborate that BIM has become a common nomenclature for the 
family of technologies and related practices used to represent and manage the 
information used for, and created by, the process of designing, constructing and 
operating buildings. BIM has been developed to facilitate the life-cycle management of 
buildings. For example, BIM has been used to improve the quality of design [14], [15], 
to reduce construction cost and delay [16], [17], to ameliorate facilitate management 
[17], [18], [19] and to facility AEC education in the universities [15], [20], [21], [22]. It 
is true especially in time, when technical development times are constantly growing 
shorter, whereas the rate of development is increasing exponentially [23]. BIM 
technology can be a useful tool for smart building planning too [24]. 

3. Methodology 

3.1. Research aim, data collection and data processing 

 The problem statement has been briefly described in the introduction. This stems 
from the analysis of a number of literatures and the real environment and the needs of 
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the construction industry. It is a general assumption that decisions acquired through 
managerial competencies and skills are better than intuitive management. BIM 
technology offers a lot of the necessary information and data that are the basis for 
managerial competencies and skills and this also results in better decision making. 
Therefore, after a thorough analysis of the problem, the research aim was based on the 
research questions from the introduction of the contribution. Main aim of research is to 
analyze and quantify the impact of management decisions based on managerial 
competencies developed through BIM on results of construction enterprises in Slovakia. 
 Data collection is a basic step in conducting research and drawing conclusions. 
Given the nature of the research and the need for research data, the questionnaire was a 
more desirable tool for data collection. The questionnaire was on-line, where unique 
filling was provided based on an Internet Protocol (IP) address resolution by the system. 
This ensured that the respondent could fill in the questionnaire only once. On the other 
hand, it has to be said that the data collection was anonymous. The selection of 
enterprises was random and represented of all size groups of construction companies in 
Slovakia. 
 Data processing took place in the MS Excel and Statistica version 12 software 
environment. The first task was to separate the data and assign its values to individual 
research groups and respondents. Respondents were asked to determine the so-called 
level of impact of using BIM technologies on management decisions based on 
managerial competencies and skills. The level should be evaluated on the basis of the 
Liker scale (from 1 - minimal impact to 5 - maximal impact). The next step was to make 
an arithmetic mean (average value) for each research group and get a representative 
impact. This value may point to a trend in this issue. It is an important view of splitting 
a research sample based on the use of BIM technology. The most important part of data 
processing is based on the Kruskal-Wallis test [25]. It was tasked to confirm the 
findings and statistical significance of findings for each research group. This was 
calculated on the basis of formula [25], ]26], 
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where ni is the number of observations in group; ri is the  rank (among all observations) 
of observation j; N is the total number of observations across all groups; H is the value 
of statistically significance.  

3.2. Research sample 

 The research sample was made up of all participants in the construction project. The 
survey involved contractors, sub-contractors, designers and investors. Research sample 
includes 55 participants of construction projects in Slovakia in difference enterprise 
size. More detailed described research sample is in Table I. The contractor has the 
largest representation (50.91%). Enterprise size is another point of view. Nearly 9% 
were large enterprises. Others were Small and Medium-sized Enterprises (SMEs). 
Enterprise owner (or use of private equity) was last point of view on research sample.  
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Table I  

Research sample 

Research sample Number of participants % 
Participants of construction projects 55 100 
Contractor 28 50.91 
Sub-contractor 14 23.64 
Designer 9 18.18 
Investor 4 7.27 
Enterprise size 55 100 
Large enterprises 7 8.24 

Medium-sized enterprises 23 27.06 
Small enterprises 27 31.76 
Microenterprises 28 32.94 
Enterprise owner (use of private equity) 55 100 
Use foreign private equity 44 80.00 
Use only Slovak private equity 11 20.00 

3.3. Hypotheses 

 Research hypotheses are based on the assumption that BIM technology has a 
positive impact on development of managerial competencies and skills, manager’s right 
decisions also. This can lead to lower costs, increase revenue and reduce the time of 
construction. This research also tries to quantify this impact. Main hypothesis of the 
research was set as:  

H:   Decisions based on managerial competencies and skills developed through BIM 
technology have impact on construction enterprises results. 

 This main hypothesis was extended about:  

H1: Decisions based on managerial competencies and skills developed through BIM 
technology have impact on revenues of construction enterprises; 

H2: Decisions based on managerial competencies and skills developed through BIM 
technology have impact on cost savings of construction enterprises; 

H3: Decisions based on managerial competencies and skills developed through BIM 
technology have impact on shortening construction time of construction 
projects. 

4. Results 

 Hypothesis 1: Decisions based on managerial competencies and skills developed 
through BIM technology have impact on revenues of construction enterprises. 
 Impact level of enterprises without BIM technology was 2.76. It is very low value 
and it is not a significant impact on revenues. Very similar results are for research group 
with using BIM technology. This research group achieved value at 2.87. These results 
are possible to see in Fig. 1.  
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Fig. 1. Impact level of BIM technology on revenues in Slovak construction enterprises 

 Results of Kruskal-Wallis’s anova and results are described in Table II. Kruskal-
Wallis test not confirmed based on statistical significance α=0.05 (where α represents 
the significance level and p is the probability), Hypothesis 1. Based on this results it is 
not possible exactly stated that decisions based on managerial competencies and skills 
developed through BIM technology have impact on revenues of construction 
enterprises. 

Table II  

Kruskal-Wallis test for Hypothesis 1 

 Kruskal-Wallis anova based on ranking,  
variable - revenues, p=0.5342 

 Code Number of 
valid responses 

Use level 

Companies not using BIM technology 1 44 2.76 
Companies using BIM technology 2 11 2.87 

 Hypothesis 2: Decisions based on managerial competencies and skills developed 
through BIM technology have impact on cost savings of construction enterprises. 
 Situation in this case is absolutely different. Enterprises not using BIM technology 
achieved impact level at 2.58. It is not a significant impact on cost savings. On the other 
side, it is big difference for enterprises with BIM technology. They achieved impact 
level 4.52 and it means a significant impact. Detailed results can be seen in Fig. 2.  

 

Fig. 2. Impact level of BIM technology on cost savings in Slovak construction enterprises 
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 Results of Kruskal-Wallis’s anova for this hypothesis are described in Table III. 
Kruskal-Wallis test confirmed based on statistical significance α=0.05, Hypothesis 2. 
Value of p=0.0372, and it can be said, that decisions based on managerial competencies 
and skills developed through BIM technology have impact on cost savings of 
construction enterprises. 

Table III  

Kruskal-Wallis test for Hypothesis 2 

 Kruskal-Wallis anova based on ranking,  
variable - cost savings , p=0.0372 

 Code Number of 
valid responses 

Use level 

Companies not using BIM technology 1 44 2.58 
Companies using BIM technology 2 11 4.52 

 Hypothesis 3: Decisions based on managerial competencies and skills developed 
through BIM technology have impact on shortening construction time of construction 
projects. 
 Impact level of enterprises without BIM technology was 2.49. It is very low value 
and it is not a significant impact on shortening construction time of construction 
projects. Different results are for research group with using BIM technology. This 
research group achieved value at 4.36. These results are possible to see in Fig. 3.  

 

Fig. 3. Impact level of BIM technology on shortening construction time  
of construction projects in Slovakia 

 Kruskal-Wallis test for this hypothesis are described in Table IV. Kruskal-Wallis test 
confirmed based on statistical significance α=0.05 Hypothesis 3. It achieved value of 
p=0.0396 and it can be said, that decisions based on managerial competencies and skills 
developed through BIM technology have impact on shortening construction time of 
construction projects.  
 Generally, BIM technology has a positive impact on decisions making based on 
managerial competencies skills. Two form three sub-hypotheses were confirmed by 
Kruskal-Wallis test. These results shown trend of BIM impact and its positive impact on 
management decisions. BIM technology based on plenty of information and data for is a 
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good tool for development of managerial competencies and skills. It claims final results 
which are described in Table V.  

Table IV  

Kruskal-Wallis test for Hypothesis 3 

 Kruskal-Wallis anova based on ranking,  
variable - shortening of construction time, 
p=0.0396 

 Code Number of 
valid responses 

Use level 

Companies not using BIM technology 1 44 2.49 
Companies using BIM technology 2 11 4.36 

Table V  

Final results of Kruskal-Wallis tests 

Hypotheses Factor K-W 
anova (p) 

Acceptance/ 
rejection 

H1: Decisions based on managerial 
competencies and skills developed 
through BIM technology have impact on 
revenues of construction enterprises 

BIM based 
managerial 
decisions 

0.5342 Rejected 

H2: Decisions based on managerial 
competencies and skills developed 
through BIM technology have impact on 
cost savings of construction enterprises 

BIM based 
managerial 
decisions 

0.0372 Accepted 

H3: Decisions based on managerial 
competencies and skills developed 
through BIM technology have impact on 
shortening construction time of 
construction projects. 

BIM based 
managerial 
decisions 

0.0396 Accepted 

H: Decisions based on managerial 
competencies and skills developed 
through BIM technology have impact on 
construction enterprises results. 

Generally  Accepted 

5. Conclusion 

 The issue of BIM technology and its impact on management decisions based on 
managerial competencies and skills is highly up to date problem in construction 
industry. Research has shown the impact of BIM technology on management decisions 
and development of managerial competencies and skills. Especially, the impact was 
confirmed in cost savings and shortening of construction time. Based on this, it is new 
opportunity for extended research in this issue comparing these results with other 
countries as Hungary, Poland and the Czech Republic, where the nature of the economy 
is similar to Slovak conditions. On the other hand, it may be very interesting to compare 
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these results with more advanced countries in Western Europe and the world. In any 
case, similar research needs to be done to better understand and use BIM and thus to 
improve the competitive environment and quality in construction. It is precisely the 
question of comparison that may be the place where this research will move further for 
global significance. 
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