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Abstract – Architecture, Engineering and 
Construction or generally construction industry has 
recently been characterized by increased requirements 
for information and communication technologies and 
knowledge systems. All participants of a construction 
project, from architect through contractor to investor 
require a high level of automatization. This results in 
pressure and increased demand for the use of 
knowledge systems that streamline these processes. 
This research discusses the issue of the knowledge-
based system used in architecture, engineering and 
construction field. The main aim of the research was to 
analyze knowledge-based systems used in architecture, 
engineering and construction and find the overview of 
exploitation level in this construction sector. The 
research sample includes all significant participants of 
the construction project from designer to investor. All 
research samples were tested by statistical tests and all 
the data coming from the construction project are 
realized in Slovakia. 
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1. Introduction

Today, the construction industry faces major 
challenges and at the same time there is pressure to 
reduce investment. Designers and civil engineers 
themselves are also entering this challenging process 
which must adhere to the standards and specifics of 
the construction industry [1]. 

On the one hand, there are the materials used and 
their production. There are also the materials 
themselves and their properties. This also applies to 
working conditions (quality materials, better work 
with them) [2]. On the other hand, there is saving 
money by efficient management [3]. Knowledge 
technology and systems are the solution that can be 
used in architecture, engineering and construction 
(AEC). Knowledge technologies can be helpful at 
every stage in the construction industry, from 
designing, producing materials, applying and 
building construction, to building management and 
maintenance systems. It can also be beneficial for 
each participant in construction projects, namely 
from the investor, through the architect and designer, 
the contractor to the user and the building manager. 

2. Problem Statement

Information and communication technology and 
systems are beneficial for users in every field. 
Generally, it has a lot of advantages. On the one 
hand, there is productivity increasing. On the other 
side, there is cost reducing of construction projects 
[4]. Some of our researches show that knowledge is 
more necessary in a construction project than only 
information. The term 'knowledge' is different from 
the terms of data and information. Generally, 
knowledge represents or includes facts, skills and 
rules accumulated over a period of time [5]. 
Knowledge is understood as a variable system with 
the interaction of facts, relationships, experiences, 



TEM Journal. Volume 9, Issue 2, Pages 716‐721, ISSN 2217‐8309, DOI: 10.18421/TEM92‐39, May 2020. 

TEM Journal – Volume 9 / Number 2 / 2020.                                                                                                                              717 

ideas and meanings [6]. Construction project 
management requires knowledge in the field. 
Knowledge is a significant capital of every company. 
This is particularly true at present when there is a 
significant paradigm shift into an industrialized and 
knowledge society. Knowledge should be 
systematically collected, protected, archived, updated 
and exploited. It must be constantly supplemented. 
For this purpose, tools are used to create and transfer 
knowledge. The increasing importance of 
knowledge, often also referred to as a critical source 
of business, has led businesses to work 
systematically in acquiring, storing and sharing 
knowledge, which is knowledge management [7]. It 
is also important to look at the ways of sharing and 
exchanging knowledge between the participants in 
the construction project. Knowledge management 
can be assessed. This phenomenon is recorded in 
construction companies as well as among users in the 
supply chain [8], [9]. 

Knowledge management is a process of 
identifying, but also optimizing and managing the 
company's intellectual property. It is all for the 
purpose of creating value. Another goal is to increase 
productivity and profitability. All this leads to the 
maintenance of a competitive advantage [10], [11]. 
The impact of the evolving knowledge economy is 
the realization of one fact. The fact is that the main 
business problem is knowledge management. This 
also has an impact on success, where the company's 
know-how is becoming increasingly important than 
traditional sources of economic power [12]. 
Knowledge Management Process is universal for any 
business or project. The knowledge management 
process has six basic steps. These are the following 
steps: collecting, arranging, summarizing, analyzing, 
merging and deciding [13]. Knowledge Management 
Systems (KMS) are information systems that 
facilitate organizational learning by storing 
knowledge and ensuring its availability to people 
(employees) as needed. These systems serve to 
“integrate” knowledge in an organization. Their 
primary task is to preserve, share and use knowledge 
more effectively. The basic idea of knowledge 
systems is to enable all participants to have access to 
all official knowledge, facts, documents, sources of 
information and subsequent solutions. Knowledge 
technologies are technologies that integrate important 
information and transform it into knowledge. The 
basis is a knowledge database. Knowledge 
technologies are available on different platforms. 
One of the possibilities is “cloud technologies”. 
Cloud computing represents a wide scope for the 
development of computing network technologies 
[14]. The current trend between using and providing 
IT services is no longer a desktop solution. On the 
contrary, it is the provision of software as a service 

(SaaS). The user only pays for what he uses. 
Frequency of use is also important. Currently, the 
user is allowed to use an IT solution, including 
hardware and other services. 

Each construction project is in its own way unique. 
Despite the many specifics that construction projects 
have, certain processes and activities that are often 
repeated can be identified and their solution or 
procedure is very similar in many cases. As various 
authors point out independently [9], [15], many 
problems of knowledge management have already 
been explored in construction. There are several 
examples of how to proceed in a specific situation. 
There is a research group that highlights the 
importance of social processes, role models, 
knowledge management practices and their use and 
integration in building projects. Many of these 
solutions can be downloaded and applied as a model. 

Knowledge management plays one of the key tasks 
in building project management. Efficient use of 
resources (material, work, time), efficient process 
management and automation of activities from 
design to implementation are one of the priorities for 
all participants involved in the construction project. 
At this level, the knowledge system can be perceived 
as a system that contains a wealth of information and 
data from all relevant areas that, by appropriate 
integration, generate knowledge and whose value to 
the participant is significant. 

Behind the information system, it is also possible 
to find out BIM technologies. Creating an 
environment integrates data on possible space for 
simulation, automating processes and potentially 
finished solutions. Eastman et al. define BIM as a 
technology for causing and influencing a set of 
methods for manufacturing and testing building 
module methods [16]. According to the NBIMS 
vision, BIM indicates a tool that allows a process to 
be carried out to verify that standard mechanisms can 
be used for other equipment that contains all or other 
available information. The scope of BIM does not 
directly or indirectly affect all stakeholders. BIM is a 
fundamentally different way of producing and using 
data. The storage of data by central recipients has 
sought to selectively and potentially inform the 
applicable knowledge. This is possible because of 
[17]: 

 

 Availability of tools to different suppliers 
ensures the robustness of the system, 

 It is important to support the adaptability of the 
IT environment (that is, people, hardware and 
security), 

 Better storage and connection features with BIM. 
 

An important element or task is to create a 
knowledge base that often contains solutions that can 
be easily applied to the process to exploit the full 
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potential of knowledge and information. Cost issue is 
important to create a knowledge database of costs for 
individual participants. The goal of all participants is 
to reduce construction time and minimize costs. 
Optimize flows and activities so that they ultimately 
represent costs for each participant at an acceptable 
level. 

BIM (Building Information Modelling) is valuable 
tool in knowledge management and work with 
information [18]. Polish survey has shown that the 
BIM is common tool for design purposes and 
building. It is very important on maintenance of 
construction projects and results [19], [20].  BIM can 
be a very effective tool for some purposes in selected 
areas. According to several researches, 
approximately 30% of costs are lost in construction. 
This is mainly due to errors in coordination or also in 
the area of material waste. There is also a problem 
with work inefficiency.  

The BIM technology is considered as a 
knowledge-based technology if it actively uses a 
smart feature library. It collects all the information 
about each part of the building in one place. The 
technology helps to integrate different aspects of the 
design effectively, reducing the risk of errors or 
irregularities and minimizing costs. The BIM object 
accurately defines the product, its properties, 
geometry (physical properties of the product), and 
contains visualization data that gives the object a 
recognizable appearance and functional information 
[21]. The smart issue library (building materials and 
works) should be automatically reflected in the bill of 
quantities and budget. The knowledge system 
consists of a function when a change of one element 
is recorded through a complex of linked elements 
that the system automatically modifies. It must be 
said that there are not many such solutions on the 
market. 

Budget libraries appear to be a simple variant of 
smart budgets in design stage. These are 
interconnected to floor plan. If you change your floor 
plan, you’ll see new calculations and budget 
adjustments. However, the results and the final 
budget for this solution are indicative.  

Machine learning solutions in construction are 
generally at the beginning. The lack of a knowledge 
base of model projects is one of the reasons why this 
technology is still in its infancy. 

Modular installation and design applications also 
use the knowledge base. There are several modules 
that can be combined based on predefined criteria. 
These modules contain specific parameters that draw 
information from the knowledge library. 

 
 
 

Augmented, the virtual and artificial reality is 
another challenge in the construction industry. 
Digital collaboration and mobility is another trend. 
Digitization of project documentation is the basis. 
Print move to digital. Less paper means better results. 
This should be a challenge for the next generation. 
This also applies to other areas, not just construction.     
The basic principle of achieving this goal is the use 
of the ICT. The use of ICT is a major step towards 
aligning with this goal. The IoT, BIM and other 
technologies and their interrelationship and 
interconnection are shown in Figure 1. Effective 
results will be tolerated by the cooperation of these 
technologies. The first step is to gather knowledge. 
This is a prerequisite for the successful 
implementation and use of these technologies. 

                   

 
 

Figure 1. Knowledge-based technology scheme 
 

Based on this literature review, knowledge-based 
systems and technology are challenge and a big 
opportunity in architecture, engineering and 
construction. These studies focused on the benefits of 
these knowledge-based technologies and systems. 
However, a general overview of the use of these 
technologies and systems is missing. This is true at 
least in the construction industry in Slovakia. Several 
researchers have addressed the partial use of 
individual technologies, but comprehensive research 
lacks, including the involvement of all major 
participants in construction projectss. 
 
3. Research Methodology 
 

Several knowledge-based systems and technology 
have been identified based on the literature review. 
As some partial studies have already indicated, their 
representation is not sufficient and satisfactory. 
These technologies are: 

 

 Budget applications, 
 BIM technology, 
 Machine learning in construction,  
 Applications for modular buildings in 

construction,  
 Augmented, virtual intelligence. 
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These technologies are the main point of interest in 
this research.  
 
3.1. Objective and Research Sample 

 

Based on previous identification of knowledge-
based applications and technology in architecture, 
engineering and construction was set as a research 
problem. Research discusses the issue of a 
knowledge-based technology and systems used in the 
architecture, engineering and construction. The main 
research objective was to analyse a knowledge-based 
system used in architecture, engineering and 
construction and find the overview of exploitation 
level in this industry. 

The research sample includes all significant 
participants of construction project from designer to 
investor. All answers of the respondents were 
achieved from construction projects in Slovakia. 
Totally, it was 153 construction projects in Slovakia. 
Description of research sample by the participant of 
the construction project is in Figure 2. Contractor and 
sub-contractor represent the biggest part of 
respondents, together 56%. Other participants 
include investors, designers and an important part of 
the last phase of the construction project, is facility 
manager.   

 

 
 

Figure 2. Research sample by participants of construction 
project 

 
3.2. Data Collection and Data Processing 

 

Data collection was done by an on-line 
questionnaire. Research questions were directed to 
the level of use of selected technologies. 
Respondents were asked to rate the use of selected 
technologies on the scale (from 1 - lowest 
exploitation level, to 5 - highest exploitation level). 
Based on the verification of IP repeatability, the 
originality of the responses was guaranteed. 
Subsequently, data were evaluated in MS Excel and 
Statistica 12. The suitability of the investigated 
sample was tested by statistical methods. Sampling 
was provided by databases of companies that carry 
out their business activities in the field of 
architecture, engineering and construction. The 
sampling was randomized from each group and 

reflected the relative proportion of individual 
participants by composition in the national economy. 
The rate of return was just over 7%. 

 
4. Results and Discussion 

 

Knowledge-based technologies and systems are 
huge opportunities to increase the productivity of 
people in the industry. It is a good tool for increasing 
efficiency in managing individual construction 
projects. When identifying the research problem, it 
was assumed (also based on individual partial 
researches) that the use of knowledge-based 
technology and systems was at a relatively low level. 
This research has not refuted this assumption. On the 
contrary, as can be seen in detail in the following 
figure, the exploitation level of selected knowledge-
based technology is at a relatively low level. Detailed 
results can be seen in the following figure (Fig. 3). 

 

 
 

Figure 3. Results of research  
(Exploitation level of knowledge-based technology) 

 
In general, facility managers use the least 

knowledge of technology. It is a relatively interesting 
finding because even in this phase of the building's 
life cycle or construction project, there is a space to 
streamline processes and automate processes to save 
operating costs. On the contrary, most use is made by 
investors and contractors. Overall, however, the use 
of these technologies is not satisfactory. 
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The results of individual technologies can be 
summarized as follows. The BIM technologies are 
most used by investors and designers. Also, there is a 
relatively higher use of facility managers. 
Conversely, contractors and sub-constructors still use 
this technology to a small extent. It is interesting to 
observe this knowledge and look for context. This 
may lead to the opinion that the BIM technology is 
largely being pushed by investors. If the investor is 
not interested in this form of data presentation, other 
participants use simpler but less sophisticated 
solutions. Conversely, contractors and sub-
contractors make little use of this tool. The 
implementation of the BIM across the construction 
industry is still at some moments more at the 
theoretical level than in practice. 

Simple budgeting tools based on knowledge-based 
technology are used more strongly than the BIM, 
especially for a quick evaluation of the construction 
budget. This explains why it is used so heavily by 
investors in particular. However, it should be said 
that this tool is simple, and the result is not exactly 
accurate. Therefore, this tool still has great potential 
to be improved and perfected. 

Interesting are the results of using AR and VR in 
CPM. Interesting are the results of using AR and VR 
in architecture, engineering and construction. These 
results said that this tool is used more often in 
planning than in the realization of the construction 
project itself. This can be due to several factors. On 
the one hand, this is less implementation of 
knowledge-based tools by contractors and 
subcontractors (such as the BIM technology, etc.). 
This group invests more in new technologies for the 
construction process, not for management. On the 
other hand, these are the possibilities and purpose of 
the results of augmented reality and virtual reality. 
Today it is an effective marketing tool and an 
interesting presentation of projects. Therefore, it is 
used to a greater extent by investors, who are often 
also in the role of developer and thus also the seller 
of the project. Similarly, there is close cooperation 
with designers where the main purpose is to make the 
presentation of the construction project more 
attractive. 

 
 
 
 
 
 
 
 
 
 
 
 

5. Conclusion 
 
The use of knowledge-based technology and 

systems is diverse. On the one hand, the results of the 
research can be considered as a better result than in 
comparison with partial research on a similar issue. 
Compared to them, it is possible to observe an 
increase in the use of knowledge-oriented 
technologies. In general, it’s still the biggest potential 
for increasing in the implementation of knowledge-
based tools in architecture, engineering and 
construction. The BIM technologies are increasingly 
implemented in the design and used in CP. This is 
especially true for larger projects and larger 
construction companies. However, the result is not at 
the level of theoretical knowledge in the field. For 
this reason, too, conditions should be established for 
better and faster implementation. Other instruments 
also do not reach half of their potential for use. There 
is a great deal of progress in research in the 
development of knowledge-based budget 
applications linked to the BIM technologies. To a 
large extent, there is an increase in both augmented 
and virtual reality. However, it should be noted here 
that it is always more for project presentation 
purposes than for construction management alone. 
This research pointed to the current situation of using 
selected knowledge-based technology and systems. 
In terms of exploiting these results, this can be taken 
as a trend and confirmation of assumption that 
globally the use of these technologies is at a 
relatively low level compared to their potential. 

These results are general and describe the trend as 
it really is. From a scientific as well as a practical 
point of view, there is a project to move this research 
further. It is necessary to address the question why 
this is so as what the research shows. The outcome of 
the discussions describes certain factors of the use of 
knowledge-based systems and technology at a given 
level. However, this needs to be continued. To find 
dependencies among the factors that do these things. 
This research is also ongoing in the current time and 
focuses on finding answers and reasons for the 
relatively low use of these effective tools. 
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