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Abstract: BIM (building information modeling) is a kind of technology that has great potential to
enhance the level of automation in architecture, engineering, and construction (AEC) projects. The
created virtual model of the facility allows coordinating all industries during the entire life cycle of
the building. The possibility to save the data related to the given facility in one place, namely in
the BIM model, enables control and management of the AEC projects at every stage. During the
design and implementation phase, BIM models facilitate the optimization of time, costs, and quality,
and in the operational phase, they support effective management of the facility. The use of BIM for
building energy modeling (BEM) is the next step of evolution in architecture and engineering design
practice. The benefits of using the BIM approach are widely discussed in the literature; however,
they may be hard to achieve if appropriate attention is not directed to minimizing the barriers to
the implementation of this technology. Observing Europe, one can notice that western and northern
countries successfully use BIM for their needs, while the countries of the Eastern Bloc, including
Poland, introduce it at a slower pace. In the present paper, the authors conducted a cause-and-effect
analysis of the identified barriers to the implementation of BIM technology in the construction process.
For this purpose, the authors applied the Ishikawa diagram, which is a tool that helps to recognize
the actual or potential causes of failure. The analysis conducted showed that one of the weakest
links in the successful BIM implementation is people and, in particular, their lack of knowledge and
reluctance to change. The authors indicated the need to introduce and strengthen preventive actions,
mainly through education: training, courses, and studies focused on BIM technology.

Keywords: building information modeling (BIM); building energy model (BEM); architecture, engi-
neering, and construction (AEC) projects; barriers; Ishikawa diagram

1. Introduction

The acronym BIM, (building information modeling), derives from the concept of
product information modeling. BIM is a standard for integrating the information about
modeling in construction between its various areas, creating virtual models of intelligent pa-
rameterized facilities [1]. BIM covers all aspects of stages of a building’s lifecycle—design,
construction operation, and replacement or disposal and allows stakeholder collabora-
tion [2,3]. BIM technology enables the creation of a virtual environment for a construction
project which aims at improving its course and implementation. Information modeling, by
developing a multi-faceted and multi-industry model, facilitates cooperation and commu-
nication between all participants responsible for the investment [4]. It enables automated
creation of documentation which becomes a digital representation of the entire construction
process image. The task of BIM technology is to support activities performed during the
entire life cycle of a building by providing not only information about the geometry of the
facility but also descriptive information about the building and its individual elements. [5].
There are many definitions of BIM. According to [6], BIM is an n-D modeling, virtual
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model, or virtual prototyping technology. In 2014, the United States National Building
Information Model Standard Project Committee agreed on a definition, according to which
“a BIM model is a digital representation of physical and functional characteristics of a
facility and a shared knowledge resource for information about a facility forming a reliable
basis for decisions during its life cycle, defined as existing from earliest conception to
demolition” [7].

The development of information technologies in the construction industry dates back
to the 1980s and the implementation of CAD software based on the information about
the object in 2D technology [8]. During the 90s, there were attempts to combine graphic
and non-graphic information in the conceptual model of a building, which initiated the
dynamic development of the SBM concept (single building model) [9]. The following
years saw the expansion of traditional three-dimensional BIM modeling (3D). BIM 4D
technology is a virtual model of a building with construction plans and the ability to
control the progress of works over time along with the visualization of the virtually created
building, the 5D model allows the creation of a cost estimate and elimination of potential
errors in the bill of quantities, the 6D model introduces sustainable development in the
investment process, while the 7D model enables product lifecycle management (PLM)
which, in construction, is referred to as building lifecycle management—BLM [10,11].

Undoubtedly, the most important feature and advantage of BIM is its ability to save
data about a given facility in one place, that is, in the BIM model and in the resulting
graphic model in a multidimensional view. What is significant, BIM enables quick creation
of different versions of objects in the conceptual phase, which reduces subsequent costs of
changes already at the construction stage [12]. BIM technology thus facilitates planning,
effective control, and monitoring of implementation of construction projects, contributing
to the successful execution of the project [13]. The issue of periodical monitoring activity of
buildings and infrastructures is another challenge of the BIM method: the implementation
of BIM could be attractive to make correct choices of monitoring techniques addressed
to ease their use, efficiency, and capacity in detecting damage or deteriorations [14]. BIM
models can also conduct extensive analyses of the facility’s impact on the environment.
In [15] it was pointed that an automated link between LCA (live cycle assessment) and BIM
can be achieved, and this could enable the streamlining of LCA methodology applications
in design practice, and thus support the improvements in the environmental performance
of buildings. Recently, the big importance and impact of the BIM technology is noticed on a
building’s energy performance [16]. In [17] studies on BIM’s application in energy analysis
and also proposition of solutions for the interoperability between building information
modeling and energy simulation tools were presented. A building’s energy performance
is often predicted by creating a building energy model (BEM). BIM enables the share
and exports the information and data available from the architectural model required to
create a BEM—another digital model, which finally allows the performance of energy
simulation (ES) [18]. It is named a BIM-to-BEM process and it offers the possibility for
multiple iterations towards an optimized design in a shared environment [16,19,20]. The
main issue in this process is a bidirectional interaction between the two models and data
transmission. For this reason, BIM for energy simulation is mainly used for an early design
step [21]. The use of BIM in operation and maintenance step of the existing construction
resources is based on the so-called “scan-to-BIM” process (survey, 3D modeling, and BIM
implementation) [22]. The use of laser scanning technology to measure objects allows
obtaining a point cloud and then generating digital documentation, which in turn enables
the creation of a BIM model of the scanned facility [23]. This approach is also successfully
used in historical buildings where there is a need to prepare missing project documentation,
or where creating a BIM model is necessary as part of the building’s renovation. It is related
to heritage BIM (HBIM), which is considered to be a promising source of information for
monument conservation planning [24]. To encourage the adoption of BIM in restoration
of buildings, it is relevant to perform an integrated intervention, in view to maximize
structural and energetic performance, by assigning a prescribed economic budget or fixing
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a prescribed carbon footprint as in [25]. In this case, the issue of energy efficiency has
become increasingly important. The need to balance energy efficiency improvement with
the requirements of preservation is required, especially when buildings are built with
different materials and techniques than modern ones. In [26] study, the authors indicated
that between over 200 existing tools for building energy simulation (BES) only a few
of them are able to take into account properly some specific issues related to historical
buildings. Control and management of the construction process at every stage of its
development, automatic detection of collisions and errors as well as cooperation between
all the participants of the investment process are not the only advantages of using BIM. In
the literature to date, many works emphasize the benefits of using BIM technology [27,28].
The study [29] showed that by educating and developing a culture of using BIM technology
it is possible to achieve the benefits such as increased utilization of human resources, better
management of capital costs, energy consumption and resources, identifying and removing
activities with no added value.

The possibilities offered by BIM technology made many countries quickly implement
spatial modeling in the entire construction process. In [30] a map of the global overview
of BIM application is described. Only in Africa have there been no efforts to adopt BIM,
although in Egypt its implementation has been recommended. On the other hand, North
America is the most advanced continent in this respect (in the USA, BIM has been obligatory
since 2008). In South and Central America, in 2020–2022, it is planned to introduce BIM in
government projects. In Asia, Korea and Hong Kong have become leaders, and China and
Japan are implementing BIM standards with extensive support from the government. In
the Middle East, the practical use of BIM is basically insignificant. In Europe, western and
northern countries have widely implemented BIM technology for their needs, in particular
Great Britain and Scandinavian countries (Finland and Norway), as well as France and Italy.
In turn, the countries of the Eastern Bloc, including Poland and the South, are adopting
BIM technology as the mainstream of design and management of a building facility at a
slower pace.

For this reason, the Authors of the present paper attempted to analyze the reasons
for the slower implementation of BIM technology in the Polish construction process. The
literature on the subject was reviewed, the available Polish market reports were analyzed,
as well as documentation of individual cases of construction projects, and interviews with
experts were performed in order to identify obstacles in the use of BIM technology in
Poland. In order to classify and analyze the identified barriers, a quality management tool,
namely the Ishikawa diagram [31], was used. The diagram makes it possible to identify
phenomena and errors that influence the lack of success and the risk of failure of a given
project. Its advantage is primarily the identification of areas where processes need to be
improved [31]. Cause-and-effect analysis using the Ishikawa diagram may be burdened
with a subjectivism error, therefore, in the conducted analysis, the Authors presented a
weighted Ishikawa diagram, where individual factors were given appropriate significance
weights, in order to indicate the best structure of causes affecting the poor implementation
of BIM technology in projects performed in Poland. The subsequent stages of the research
are presented in Figure 1.
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Figure 1. Research flow.

2. Literature Studies—Identifying Barriers to BIM Implementation in the World

In [32] an analysis of the articles on the implementation of BIM technology published
in 2009–2018 was performed, according to the keywords selected by the authors, the source
of the articles, and the country of the authors. The Authors noted that the implementation
of BIM was associated with factors that had been categorized to technical, management,
environmental, financial, and legal types. As a result, the Authors concluded that imple-
mentation of BIM was low because of the existence of significant negative influence factors
causing barriers challenges among construction participants. In [33] 14 barriers around
the world identified by various researchers are listed. Lack of expertise (within the project
team or within the organizations), high investment cost, lack of standardization, and legal
issues are most often cited as significant barriers to BIM implementation. The study [34]
analyzed the full texts of 73 selected articles in journals which were coded, with 89 barriers
identified and assigned to five main categories: Context, Process, Team, Task, and Actors.
In the second step of coding, barriers describing similar concepts were combined and, as a
result, the list of barriers was reduced to 26 and further grouped into sub-categories. The
largest number of barriers was classified into the category Context, with the following sub-
categories: Culture (7 barriers), Organization (2 barriers), and Environment (1 barrier). The
fewest barriers were identified in the category Actors: 1 barrier: insufficient collaboration
knowledge, skills, and abilities (KSAs) of team members. In [35] the authors examined
the barriers hindering the implementation of BIM in construction. The aim of the research
was to analyze 47 papers and available information about BIM, as well as to select and
focus on the most frequently repeated barriers. As a result of the research, five major
problems in BIM implementation were discovered: legal and contractual issues, cultural
issues, management, financial issues, and security, which were divided by location (the UK,
the USA, rest of word). It is worth noting that the map of origins of the reviewed articles
presented in the paper did not include works from central and eastern Europe.

The extensive literature research on barriers and challenges in the implementation of
BIM technology in construction revealed that, despite the recurring factors, the distribution
of these barriers and challenges was different from region to region. For this reason,
research conducted in various countries is still continued. Table 1 shows the 3 most
important barriers identified by the researchers in the selected countries, according to the
latest publications on this issue (2019–2021):
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Table 1. The three most important barriers to BIM implementation identified in selected countries (2019–2021).

Country Year of Publication Source/Author The 3 Most Important Barriers Identified

Qatar 2019 Mohammed, A., Hasnain,
S.A.; Quadir, A [36]

1. No supply and demand for BIM
2. Architects and engineers are not trained

properly/owners are not aware of the benefits of BIM
3. No organization to follow and motivate construction

companies to implement BIM

Malaysia 2019 Wong, S.Y.; Gray, J. [37]
1. Lack of education and training
2. Legislative barriers
3. Limitation on interoperability and fragmentation

Hong Kong 2019 Chan, D.W.; Olawumi,
T.O.; Ho, A.M. [38]

1. Cultural barrier (resistance to change)
2. Organizational structure that does not support BIM
3. Insufficient interoperability of computer software

Estonia 2019 Ullah, K.; Lill, I.;
Witt, E. [39]

1. Lack of awareness about BIM benefits
2. Lack of BIM experts
3. Lack of demand on BIM

Italy 2019
Elagiry, M.; Marino, V.;

Lasarte, N.; Elguezabal, P.;
Messervey, T. [40]

1. Lack of accuracy in collecting ex. building data
2. Lack of knowledge of the ex. building
3. Inaccurate data in the modeling of ex. conditions

Nigeria 2020
Olanrewaju, O.I.; Chileshe,

N.; Babarinde, S.A.;
Sandanayake, M. [41]

1. Lack of knowledge
2. Inexistence or inadequate government policies
3. High cost of implementation

Kazakhstan 2020 Aitbayeva, D.; Hossain,
M.A. [42]

1. People—absence of desire to change from the use
of traditional technologies to BIM and lack of
BIM experts

2. Technology—minor technical issues
3. Processes—lack of cooperation between various

project parties, government support

Iraq 2020 Mahdi, M.M.; Mawlood,
D.K. [43]

1. Lack of demand from customers or other companies
for projects implemented using BIM technologies

2. Lack of support/lack of BIM related investments
3. Absence or incomplete national standard for BIM

Pakistan 2020

Farooq, U; Rehman,
S.K.U.; Javed, M.F.; Jameel,

M.; Aslam. F.;
Alyousef, R.; [44]

1. Lack of Government regulation about BIM
2. Lack of conferences/seminars on new technologies

such as BIM by organizations
3. Restructuring of organization needed for

BIM adoption

China 2021 Wu, P.; Jin, R.; Xu, Y.; Lin,
F.; Dong, Y.; Pan, Z. [45]

1. Lack of support from senior management
2. Lack of experience in adopting BIM
3. High cost of BIM software/lack of benefits brought

by BIM

The literature also includes papers on the use of BIM in engineering [46,47] and
solutions proposed [48–50]. In [51] attention was paid to the problem of cooperation
between architects and structural engineers while developing BIM models. It was revealed
that, despite the existence of collaboration platforms, especially in the case of designing tall
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buildings, they worked independently and only later they performed a labor-intensive and
cumbersome combination of their separate models.

Work on the development of BIM technology in Poland goes back to 2014. Initially,
these efforts concerned the practical application of BIM technology [52] and the analysis
of the available software used for BIM [53]. In the following years, research into BIM was
directed in selected directions and concerned, for example, BIM-based cost estimation [54],
green BIM [55], BIM-based planning of works [56], and papers involving case studies [57].
Among the latest works related to the use of BIM technology in Poland, the following
should be mentioned: [5] in which the authors conducted a SWOT (Strengths, Weaknesses,
Opportunities, and Threats) analysis and described the elements of the resulting matrix in
detail [58], regarding the current impact of BIM implementation on architecture, and [59]
which proposes BIM and augmented reality (AR) application, which integrates a location-
based management system (LBMS) to improve construction performance.

So far, the most extensive research on BIM in Poland was conducted twice by Autodesk
in 2015 [60]: “BIM: a Polish Perspective” and in 2019: “BIM, cooperation, cloud in Polish
construction” [61]. About 300 representatives of companies from the architectural and
construction industry participated. The aim was to obtain information about elements
related to BIM in Poland. A comparison of the results obtained from 2015 and 2019 shows
that BIM technology is becoming more and more popular in the Polish architectural and
construction market. The architects have by far the greatest contact with the implemented
technology, and the level of knowledge about BIM in this group is consistently increasing
(in 2015: 46%; in 2019: 76% of the respondents). On the other hand, the lowest level of
knowledge about BIM, according to the latest research, is shown by private investors and
legislators (in 2019: 11%). Interestingly, in the group of public investors, the knowledge
and interest in this technology almost doubled compared to the 2015 research (2019: 30%).
The differences between the groups of AEC sector stakeholders are significant, therefore
the Authors made an attempt to identify the barriers to BIM implementation in Poland
and, by using the Ishikawa diagram, indicate their interrelationships.

3. Method and Materials
3.1. The Ishikawa Diagram

The Ishikawa diagram was developed by Kaoru Ishikawa, professor at the University
of Tokyo, and was first used by the Japanese company Sumitomo Electric [62]. It is a
traditional and frequent tool used in the field of quality management. It is defined as a
graphic representation that schematically illustrates the relations between a specific result
and its causes. The main assumptions of this tool are to rank the occurring causes of errors
and inconsistencies in a given research area and to determine the interrelationships between
these causes. The identified causes are presented graphically as a fish bone diagram (or a
fish skeleton) where [63]:

• “fish head”—it is the result of defect and, at the same time, a problem to be solved;
• “spine”—brings together individual groups of causes,
• “bones”—indicate causes included in a given category.

Therefore, the Ishikawa diagram is frequently referred to as herringbone diagram,
fishbone diagram, fish diagram, or cause and effect diagram. An illustrative diagram of
the Ishikawa diagram is presented in Figure 2, and the most important features are shown
in Figure 3:
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3.2. Identifying Possible Causes for a Problem

The essence of the qualitative tool which is the Ishikawa diagram is to identify the
causes and sub-causes influencing the research area. In order to efficiently search and
determine the nature of variation in the process, the so-called the 5M framework was
adopted, according to which most problems and errors concentrate in five categories:
People (Manpower), Method, Machine, Material, Management. An example of the scope
of each category is presented in Figure 4.

It should be remembered in the application of the 5M framework that the division
of causes into particular categories can be quite flexible [63] because a lot depends on the
problem and the features of the area under study. Quite often there are causes that cannot
be categorized, such as environmental (Environment) or financial ones (Money). Therefore,
it is possible to expand the 5M framework with new categories, and the Ishikawa diagram
may be structured according to the 5M + E (Environment) or 5M + F (Finance) frameworks.
However, it is not recommended to enter more than eight categories [64]. In the field of
construction, the Ishikawa diagram has already been used effectively. The studies to date
concern, for example, assessing the quality of building materials and structures [65–67],
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the evaluation of factors affecting the accident rate [68], factors of investment delays [69],
and the causes of the most frequent claims [70].
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4. Results and Discussion
4.1. Identyfication of Barriers to BIM Implementation in Polish Architecture, Engineering and
Construction Sectors

The latest report published in Poland by Autodesk in October 2019 under the name
of “BIM, cooperation, cloud in Polish construction” [61] revealed that only 19.9% of all
participants (N = 287) had ever been involved in the preparation of projects with the BIM
methodology used in the current or previous workplace. This is a very small percentage
of incorporating BIM technology into the construction process. According to the 2019
Report [61], the highest percentage of BIM use was recorded in architectural and design
companies (43%), very low percentage in construction (contracting) companies (8.9%),
and among property managers (5.3%). In the third quarter of 2020, the authors of the
present paper conducted interviews in southern Poland in which 24 experts participated:
professionals of Architecture, Engineering, and Construction. 50% of them were employees
of contractors, 30% (7 people) designers, and 20% (5 people) consultants. The participants
in the interviews had over 10 years of experience in the profession but did not exceed
the limit of 20 years of service. Based on the study of literature, the reports mentioned
before and interviews, 23 reasons were identified as barriers hindering the development of
BIM technology in Poland, broken down into 5 main categories, that is, People, Finance,
Method, Management, and Machinery.

Category I—People—this group includes 6 reasons that contribute to the poor imple-
mentation of BIM in the construction process in Poland. The causes are shown in Figure 5a,
as part of the Ishikawa diagram, the fishbone.

The identified barriers in the People category (Figure 5a), influencing the lack of BIM
implementation, are mainly factors describing the employee’s attitude to new technologies
and the nature of the work performed. The barriers limiting the implementation of BIM
technology include employee habits, reluctance or fear of changes, the lack of willingness
to improve their qualifications in the field of BIM technology, and a very low level of
awareness of the benefits of introducing a virtual environment to the design, execution and
later management of a building to the participants in the construction process, both regular
and managerial staff.

Category II—Finance (Figure 5b)—4 reasons are included in this category, some of
which refer to the excessively high costs of software and training for employees. These
are the costs that the company must incur at the very beginning of the investment, and
the low prices of projects and construction documentation do not cover the costs allocated
to the implementation of BIM technology. Moreover, no co-financing or subsidies are
intended for the implementation of the BIM environment in the construction process that
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would allow small- and medium-sized companies to implement and start modeling in the
virtual cloud.
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Figure 5. Reasons for the poor implementation of BIM in Poland (a) in the People category; (b) in the Finance category.

Category III—Method—in the Method category, 5 causes were identified, which can
be divided into 3 groups. The first one concerns the design and virtual modeling itself and
the resulting limitations, such as very high labor consumption in the implementation of
multidimensional models, very high detail, which is not required in the early preparation
of the concept of a facility, and frequently occurring errors, resulting mainly from the
designer’s lack of knowledge. The second group of reasons consists of barriers related to
the developed methods and standards of operation, which are not standardized or common
to each participant in the construction process. The last group includes the lack of legal
regulations that would support faster implementation of BIM technologies, for instance in
public procurement. The 5 identified causes are presented in Figure 6a.
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Category IV—Management (Figure 6b)—5 reasons for the poor implementation of BIM
in Poland were assigned to this category. The factors identified relate to the organizational
structures of private enterprises as well as public and state bodies. Bad management, lack
of willingness to cooperate with other authorities, lack of commitment of the management
team, and lack of consent to higher remuneration for BIM coordinators result in the lack
of specialists, thus becoming barriers that hinder the implementation of BIM in Polish
enterprises. The barriers in the Management category are presented in Figure 7b.
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Category V—Machinery—3 barriers have been assigned to the last category, namely
the Machinery, regarding both BIM software and computer hardware available in compa-
nies. Such factors as the lack of a universal platform for BIM software were distinguished
here and attention was drawn to the fact that the add-ons and plugs the software uses are
only in English, which causes great difficulties for older participants in the construction
process. Another limitation concerns computer hardware in small and medium-sized
companies, which is sometimes outdated and insufficient to generate multi-dimensional
models. These reasons are presented in Figure 7.

4.2. Cause and Effect Analysis

The first stage of the cause-and-effect analysis of barriers to the implementation of
BIM technology in Poland was the identification and ordering of the most important
groups of causes. The analysis was performed using the pairwise comparison method
and the significance weights of the main categories were determined. Six experts were
invited, including two architects, two constructors, contractor manager, and investor’s
representative, to describe the relationships between the main categories and then identified
factors. Significance weight value was described as a 3-point scale: 1—superiority of the
first category over the second, 0.5—equivalence of both categories and 0—inferiority of the
first category over the second. The 5-point scale proposed by Likert is a known and widely
used opinion measurement tool in questionnaires and expert interviews [71]. Researchers
also propose its variants, namely 4-point, 6-point, and 7-point Likert alternatives [72]. By
increasing the number of points on the rating scale, the rounding error of the results is
reduced; however, this may cause fatigue and weariness in the respondents, as well as
cognitive dissonance [73]. In the case under consideration, to issues related to barriers of
BIM technology implementation in civil engineering projects, the authors, guided by their
experience, decided that to conduct the interview it would be sufficient to adopt a 3-point
scale, and the analyzes would be based on average values from the ratings assigned by
individual respondents. This approach is a simplification, yet it is successfully used in, for
example, medical science, where a weighted Ishikawa diagram using a 3-point rating scale
was used to analyze the causes of infections [74]. The results are presented in Table 2.
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Table 2. Significance weights of the main categories.

People Finance Method Management Machinery Relative Weight

People x 0.5 1 1 1 0.35

Finance 0.5 x 1 1 0.5 0.30

Method 0 0 x 0.5 1 0.15

Management 0 0 0.5 x 1 0.15

Machinery 0 0.5 0 0 x 0.05

Based on the calculated significance weights and the identified root causes, a classic
Ishikawa diagram was constructed: Figure 8.
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Figure 8. Ishikawa diagram—significance weights of the main categories of barriers to the use of
BIM in Poland.

The next step in the analysis is to determine the significance weights for 23 identified
causes. Table 3 presents the significance weights of each of the causes against the other
specified reason. The significance weight value was described as: 1—superiority of the first
category over the second, 0.5—equivalence of both categories, 0—inferiority of the first
category over the second.

Table 3 presents the significance weights in the People, Finance, Method, Management,
and Machinery category.

Based on the defined weights of significance for each of the reasons, the relative
weights of significance were determined. The absolute weights of factors were determined
by multiplying their relative weights by the value of the weight of a given category. The
results are presented in Table 4.

Based on the calculated relative and absolute weights of significance for the identified
causes, the Ishikawa diagram was extended with the data of the characteristics (Figure 9).

4.3. Final Results and Discussion: The Most Important Barriers Limiting the Full Implementation
of BIM Technology to the Construction Process

Due to the use of stratification analysis, which is based on the Pareto rule (80:20),
the main areas and groups of phenomena were identified, where preventive measures
should be introduced in the first place. The index of division of the most important factors
is the reference area, that is, the area of the rectangle defined by a point on the Lorenz
curve. Figure 10 shows the Lorenz curve and the curve of the reference field for each cause.

The results of the stratification analysis are presented in Table 5. Due to the same
absolute weight of factor 10 and factor 11, the eleven most important factors requiring
improvement were identified.

As a result, 11 main reasons inhibiting BIM implementation in the Polish construction
sector were selected. In the People group, 3 reasons were identified: low level of knowledge
about BIM technology, low level of awareness of the benefits of using BIM technology, and
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reluctance to change and implement new technologies. In the Finance group, 4 reasons
were identified: low prices of construction documentation (projects, cost estimates), high
software costs, high training costs for employees, and no financial support for companies
(subsidies, etc.). The Method group contains 2 causes: no common procedures and stan-
dards of operation, and no legal regulations favoring BIM. There are two causes in the
Management group too: poor cooperation between various entities and market partici-
pants, as well as lack of BIM technology specialists. In the Machinery category, no factor
was identified as a significant barrier to the implementation of BIM technology. This is due
to the wide range of software on the market that is constantly being improved.

Table 3. Factor significance weights (description of symbols of subsequent factors).

Main Category Symbol A B C D E F

People

A x 0.5 0.5 1 1 1

B 0.5 x 0.5 1 1 1

C 0.5 0.5 x 0.5 0.5 0.5

D 0 0 0.5 x 1 0.5

E 0 0 0.5 0 x 0.5

F 0 0 0.5 0.5 0.5 x

Finance

G H I J

G x 0.5 0.5 0.5

H 0.5 x 0.5 0.5

I 0.5 0.5 x 0.5

J 0.5 0.5 0.5 x

Method

K L M N O

K x 1 1 1 0.5

L 0 x 0.5 1 0

M 0 0.5 x 0.5 0

N 0 0 0.5 x 0

O 0.5 1 1 1 x

Management

P R S T U

P x 0.5 1 1 1

R 0.5 x 1 1 1

S 0 0 x 0.5 1

T 0 0 0.5 x 0.5

U 0 0 0 0.5 x

Machinery

W X Y

W x 0 0.5

X 1 x 1

Y 0.5 0 x
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Table 4. Factor relative and absolute weights of significance.

Main Category Symbol Cause Relative Weight Absolute Weight

People

A low level of knowledge about BIM technology 0.267 0.093

B low level of awareness of the benefits of using
BIM technology 0.267 0.093

C reluctance to change and implement
new technologies 0.167 0.058

D entrepreneurs’ fear of high risk of investing
in BIM 0.133 0.047

E employees’ lack of willingness to improve their
qualifications in the BIM standard 0.067 0.023

F preferences of standard solutions among
participants of a construction project 0.100 0.035

Finance

G low prices of construction documentation
(projects, cost estimates) 0.250 0.075

H high software costs 0.250 0.075

I high training costs for employees 0.250 0.075

J no financial support for companies
(subsidies, etc.) 0.250 0.075

Method

K lack of common procedures and
operating standards 0.350 0.053

L labour intensity of project development based on
BIM technology 0.150 0.023

M too much detail in BIM studies, useless at the
early design stage 0.100 0.015

N mistakes in creating BIM projects 0.050 0.008

O no legal regulations favoring BIM 0.350 0.053

Management

P lack of BIM technology specialists 0.350 0.053

R poor cooperation between various entities and
market participants 0.350 0.053

S
lack of employers’ acceptance of increasing
remuneration costs for BIM specialists as an

additional workload
0.150 0.023

T insufficient commitment of senior management 0.100 0.015

U reluctance of officials to change and progress 0.050 0.008

Machinery

W outdated infrastructure in enterprises
(computer hardware) 0.167 0.008

X no universal software platform 0.667 0.033

Y some software only in English 0.167 0.008
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Table 5. Stratification analysis: the most important reasons for the lack of implementation of BIM technology in Poland.

No. Cause Absolute Weight Cumulative Sum Reference Area

1 People—low level of knowledge about BIM
technology 0.093 0.093 2.053

2 People—low level of awareness of the benefits of
using BIM technology 0.093 0.187 3.920

3 Finance—low prices of construction documentation
(projects, cost estimates) 0.075 0.262 5.233

4 Finance—high software costs 0.075 0.337 6.397

5 Finance—high training costs for employees 0.075 0.412 7.410

6 Finance—no financial support for companies
(subsidies, etc.) 0.075 0.487 8.273

7 People—reluctance to change and implement new
technologies 0.058 0.545 8.720

8 Method—lack of common procedures and operating
standards 0.053 0.598 8.963

9 Method—no legal regulations favouring BIM 0.053 0.650 9.100

10 Management—lack of BIM technology specialists 0.053 0.703 9.133

11 Management—poor cooperation between various
entities and market participants 0.053 0.755 9.060

12 entrepreneurs’ fear of high risk of investing in BIM 0.047 0.802 8.818

13 preferences of standard solutions among participants
of a construction project 0.035 0.837 8.367

14 no universal software platform 0.033 0.870 7.830

15 employees’ lack of willingness to improve their
qualifications in the BIM standard 0.023 0.893 7.147

16 labor intensity of project development based on BIM
technology 0.023 0.916 6.411

17
lack of employers’ acceptance of increasing
remuneration costs for BIM specialists as an

additional workload
0.023 0.938 5.630

18 too much detail in BIM studies, useless at the early
design stage 0.015 0.953 4.767

19 insufficient commitment of senior management 0.015 0.968 3.873

20 outdated infrastructure in enterprises (computer
hardware) 0.008 0.977 2.930

21 some software only in English 0.008 0.985 1.970

22 mistakes in creating BIM projects 0.008 0.993 0.993

23 reluctance of officials to change and progress 0.008 1.000 0.000
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With reference to the conducted studies of the literature, especially the works on
broad analyses of barriers around the world, it should be noted that the selected 11 main
reasons for the implementation of BIM in Poland are consistent with the main reasons for
the implementation of BIM specified in other countries. The causes identified during the
analysis, depending on the culture or wealth of a given country, are at a different level
of significance of the problem of implementing BIM technology. Based on the analysis
of barriers to BIM implementation in Poland, the following three main reasons can be
identified:

• Low level of knowledge about BIM technology
• Low level of awareness of the benefits of using BIM technology
• Low prices of construction documentation (projects, cost estimates)

The two most important reasons concern the participants of the construction process,
where they constitute the weakest link of the entire BIM technology implementation process.
It should be noted that not only in Poland but also in other countries, the main problem
of the low adaptation of new technologies in companies is the lack of knowledge and
awareness of managers and employees of the construction sector. In Kazakhstan, the
barrier “People” is listed first, as well as in Estonia, Nigeria, and Malaysia. Attention was
drawn to the lack of experts in BIM technology, as well as to the lack of knowledge and
awareness of the benefits that can be achieved by implementing BIM technology in the
enterprise (Table 1).

The third very important factor blocking the implementation of BIM technology in
Poland, included in the analysis conducted by the authors, is low prices of construction
documentation (projects, cost estimates). For many small and medium-sized companies,
the low cost of cost estimate documentation that they offer to clients does not cover the costs
of implementing BIM technology, purchasing software, or employing specialists in this field.
It should be noted that the group of 11 most important barriers to BIM implementations
includes 4 factors from the Finance category. Companies are concerned about the high costs
of investing in BIM technology, which results from the limited awareness of the benefits of
using BIM technology.

The final shape of the Ishikawa diagram is shown in Figure 11, which illustrates the
main barriers and the most important reasons in the categories limiting the implementation
of BIM technology to construction projects in Poland.
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Figure 11. Ishikawa diagram: barriers to the application of BIM in Poland.

5. Conclusions

Eastern European countries, including Poland, are adopting BIM technology as the
mainstream of building design and management at a slower pace. For this reason, the
authors of the study made an attempt to identify and analyze the reasons for the slower
implementation of BIM technology in construction projects in Poland. The undertaking
of the research is justified by the previous publications, which draw attention to the fact
that despite many recurring factors inhibiting the development of BIM technology in
different countries, their importance hierarchy differs from region to region [35]. In order to
distinguish the main areas where preventive actions should be introduced, the basic quality
management tool, namely the Ishikawa diagram or the fishbone diagram, was applied.
This tool illustrates the main phenomena and processes where the effectiveness of activities
should be improved. After the study of literature, the findings of the previous reports and
interviews with experts conducted by the authors, 5 main categories of factors inhibiting
the development of BIM technology in Polish conditions were identified, namely: People,
Finance, Method, Management, as well as Devices and Equipment. All five groups and
related activities were analyzed in detail, and 23 factors that hinder the development of
BIM in Poland were identified. In order to prioritize the significance of each of the reasons,
they were given significance weights and a stratification analysis was performed on the
basis of the Pareto rule.

The analysis shows that the weakest link in the success of the entire operation, which
is the implementation and use of BIM technology in the construction process on a large
scale, is people and their lack of knowledge and awareness and reluctance to change.
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That is why it is so important to introduce preventive measures through training, courses
and studies focused on BIM technology in order to increase people’s knowledge and the
quality of construction projects, and above all, to show the benefits that can be achieved by
introducing BIM technology, especially to small and medium-sized construction companies.
The next category limiting the introduction of BIM technology by companies are low
prices of construction documentation, which do not cover the costs of expensive software,
employee training, or remuneration of specialists in this field. Therefore, as a preventive
measure, the appropriate solution would be financial aid, such as training grants, or loans
for BIM hardware and software.
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