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Abstract

Introduction. Improved visualization is one of the results of the implementation of information modeling technology.
Information modeling technology was mainly used by designers when developing a digital 3D model of an object. 4D
modeling combines the organizational and technological sequence of works in the project with a parametric digital 3D
model of the object under construction. 4D modeling can potentially contribute to the effective implementation of the
project, but data on the scale of 4D implementation are limited, there is no empirical data in practice on the possibilities
and problems of using this technology. The purpose of the study is to study the state of implementation of 4D modeling,
the advantages of use, the main problems that hinder effective implementation, as well as incentives for implementation
in the construction sector.

Materials and Methods. The article used a qualitative analysis of the functionality of 4D modeling to form a questionnaire
for a survey among specialists in the construction industry. Based on the analysis of the array of data obtained, a statistical
analysis was carried out to identify key problems and incentives for the implementation of 4D modeling in the activities
of construction organizations.

Results. The main reasons for the insufficient implementation of 4D modeling technology in construction organizations
are identified along with high awareness of the benefits of use. Critical problems that hinder the implementation of this
technology are identified, as well as key factors that can stimulate the implementation of investment and construction
projects using 4D modeling.

Discussion and Conclusion. The results of the study provide a basis for theoretical analysis to solve the problems of
implementing 4D modeling in the construction industry. The study uses the theory of sustainable development and the
theory of the full life cycle as a theoretical basis, combines qualitative and quantitative research methods, and conducts
an in-depth study of various factors that affect the management of investment and construction projects using 4D model-
ing technology.
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Ouenka npeumyiecTB u npoodsemM BHeaApeHusi 4D-MoeiMpoBaHusi B CTPOUTEIHLCTBO
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JloHCKOM roCyAapCTBEHHbIN TEXHUUECKUI YHUBEPCUTET, T. PocToB-Ha-Jlony, Poccuiickas denepanus
< kkrioukov@gmail.com

AHHOTaLUA

Beedenue. Y coBepiIeHCTBOBAHHAS BU3YalU3alusl — OJMH U3 PE3YJIbTaTOB BHEIPEHHS TEXHOJIOTHH NH(OPMALIOHHOTO
MoJenupoBaHus. TexHomorus nHGOPMAINOHHOTO MOJEINPOBAHNS B OCHOBHOM HCIIOIb30BAJIaCh MPOEKTHPOBIINKAMH
npu paspabotke nupposoit 3D-Monenn oobekTa. 4D-MoaenMpOBaHHE 00BEIUHSET OPraHM3alMOHHO-TEXHOJIOTHIECKYIO
MOCTIEIOBATENEHOCTE PabOT B MPOEKTEe € MapaMeTpudeckoil mugposoit 3D-momenpio crposmerocs o0bekra. 4D-
MO/JIETIMPOBaHNE TOTEHIIMAIbHO MOXKET COCOOCTBOBATh d(h(EKTHBHON pean3aly NpoeKTa, HO JaHHBIE O MacITadax
BHenpeHHus 4D orpaHWYEHSBI, B MPAKTUYECKON JEATEIFHOCTH OTCYTCTBYIOT SMITUPHUUCCKHE JaHHBIE O BO3MOXKHOCTAX U
npoOJieMax UCIOJIb30BaHMsI JaHHOH TexHonoruu. Llespto ucciaenoBanus sIBISIETCS U3yYeHNE COCTOSIHUS BHeqpeHus 4D -
MOJIETIMPOBAHMS, IPEUMYIIECTB MIPH HCIIOIb30BAaHUU, OCHOBHBIX IPOOJIEM, Memamux dGEKTUBHON peaan3anui, a
TaKKe CTUMYJIOB ISl BHEAPCHUS B CTPOUTEIEHOM CEKTOPE.

Mamepuansl u memoodst. B cratbe ObLI HCIIONIB30BaH KaueCTBEHHBIH aHanu3 ¢yHKUuoHanta 4D-MoxenupoBanus s
(hOpMUPOBaHUS AHKETHI B IEJIAX ONPOCA CPEU CIIENNATNCTOB CTPOUTENBHON oTpacin. Ha ocHOBaHMM aHaIM3a MacCHBa
TMOJYYCHHBIX JaHHBIX IPOBCIACH CTAaTUCTUUECKUN aHaIn3 JUI BBISABJICHHUSA KIIFOUCBBIX HpO6HeM 1 CTUMYJIOB BHCAPCHUA
4D-MopenupoBaHus B IATEIBHOCTh CTPOUTEIBHBIX OpraHU3aLNi.

Ha ocHoBaHnu pa3paboTaHHOI aHKETHI OBLI TPOBEEH OIPOC CPEAN 3aKa3YMKOB U HOAPSITYUKOB CTPOUTEIILHOM OTPaCIy,
KOTOpBIE ObIIIM OTOOpaHbEI BEIOOPOYHBIM METOAOM. JlJI aHaNM3a MOTydCHHBIX JAHHBIX MCIIOIb30BaNCh METOIBI OIHCA-
TENbHOM cTaTUCTUKU. VIHAEKC OTHOCUTEIbHOM BaXKHOCTH HCHOJIB30BAJICS A PAHKUPOBAHUS MOKa3aTeael, 4ToObI Mo-
HSTh OTHOCHTEIBHYIO B)KHOCTH, KaK OHH BOCTIPHHUMAIOTCS PECTIOHJCHTaMH. 7-TECT UCTIOIb30BAJICS ISl TPOBEPKH CTa-
TUCTHYCCKON 3HAYMMOCTH TMPEAINOJIaracMbIX Pa3Uuuil MEXKAY KIMeHTaMu U moxapsmyukamu. Kosddwuiment Anbsda
Kponbaxa ncrons3oBaics i1t o0ecrieueHnsl BHYTPEHHEH COTTIACOBAaHHOCTH M HAJEKHOCTH JaHHBIX JJIS aHAIIN3A.
Pesynomamut uccnedosanus. OnpenelieHbl OCHOBHBIE TPUYNHBI HEJOCTATOYHOTO BHEAPEHHSI B CTPOUTENBHBIX OpraHu3a-
X Texaonorun 4D-monenpoBaHus HapsiLy ¢ BEICOKOW OCBEIOMIIEHHOCTBIO O MPEUMYIIECTBAX NCTIONb30BaHMs. Bhine-
JICHbI KPUTUYECKHUE MPOOJIEMBI, PEISATCTBYIONIUE PEATM3aI[HK JAHHON TEXHOJIOTHH, a TAKXKE KITFOUEBBIC ()aKTOPBI, KOTOPHIC
MOT'YT CTUMYJIMPOBAaTh PEATN3alNI0 HHBECTUIIMOHHO-CTPOUTEIBHBIX POEKTOB € MpUMEHEHHeM 4D-MonenpoBaHus.
Oébcyscoenue u 3axniouenue. Pe3ynbTaThl HCCIEIOBAHUS 00ECIIEYNBAIOT OCHOBY TEOPETHUECKOTO aHANIN3A [T PEIICHI
npoGiiem BHenpenus 4D-monenupoBaHus B CTpOUTENLHOM oTpaciu. MccnenoBanne UCIONb3YeT TEOPHIO YCTOHUMBOTO
Pa3BUTHSI U TEOPHIO MOJIHOTO )KU3HEHHOT'O LIMKJIA B KAYECTBE TEOPETHYECKOH OCHOBBI, COUETAET B ce0E KaueCTBEHHbIC U
KOJINYECTBEHHBIE METO/IbI NCCIIEOBAHNS 1 MPOBOAUT YIIyOJEHHOE U3yYEeHUE PA3IMUHBIX (PAKTOPOB, KOTOPHIE BIMSIOT

Ha YIpaBJeHHE HHBECTHIIMOHHO-CTPOUTEIBHBIMH IIPOEKTAMHU C UCIOJIB30BAHNUEM TeXHOJIOTHH 4 D-MoaenpoBaHus.
KroueBsbie cnoBa: 4D-mozenpoBaHue, TEXHOIOT U MHOOPMAIIMOHHOTO MOJIETIMPOBaHys, BHeApenue BIM Texnomoruii

Jas nutuposanus. Kprokxos K.M. Ouenka nmpenmyniecTs u npo0ieM BHeApeHHs 4D-MoaennpoBaHus B CTPOUTEIBCTBE.
Cospemennble meHOeHYUU 8 CMPOUMenbemee, 2padocmpoumenscmee u nianuposke meppumopuii. 2025;4(2):75-84.
https://doi.org/10.23947/2949-1835-2025-4-2-75-84

Introduction. Construction is an important industry in Russia’s economy and ranks 5" among the branches of
the national economy according to its contribution to the gross domestic product. The industry is witnessing a rapid
growth ! (Fig. 1).

The level of complexity of investment and construction projects is extremely high due to customers’ increasing de-
mands. Traditional project implementation systems are largely focused on project completion dates and costs. Unfortu-
nately, under the current conditions, designers, contractors and manufacturers of building materials are not always capable
of completing their tasks on time, within a set budget and cater for their customers’ needs. What is more, many fail to
achieve the desired outcome [1].

Building information modeling provides participants in investment and construction activities with a platform for
collaboration in a shared data environment for increasing the efficiency and improve the outcome. The 3D model of the
project documentation can be used for construction planning. When the "time" parameter is added to the model, 4D

1 The statistical data were accessed from https:/rosstat.gov.ru/
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modeling is implemented. 4D modeling enhances the efficiency of processes by reducing unproductive costs and helps
to complete projects on time within a set budget controlling the construction schedule and increasing value for customers
[2]. However, despite these opportunities, 4D modeling is not commonly used by construction project participants. It is
thus proposed that the degree of use is assessed and the point of view of key construction actors on the advantages,
obstacles and motivational forces of 4D modeling is understood.
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Fig. 1. Dynamics of the indicator "Amount of Work Performed Independently according to an activity type "Construction™

Traditional planning methods are not directly related to the design and construction model [3], the sections of the
plans are not in complete synchrony with the project making it difficult for project participants to make sense of the plan
and its impact on logistics management at the facility [4]. The lack of this connection causes alterations, unevenness and
improper use of resources, which increases construction time and costs [5].

4D modeling is also instrumental in speeding up construction thus reducing the number of errors that are easily eliminated
at the design stage, avoiding major problems that are rather expensive to resolve at a later stage of construction [6, 7].

4D modeling offers an expanded vision of planning, designing and building, developing or maintaining a single in-
formation model including all of the necessary information about the project lifecycle. 4D modeling plays a major role in
the coordination between designers and customers during the planning phase. The experience of contractors is crucial
while developing a 4D model for planning and is capable of providing valuable information about the feasibility of con-
struction, the estimated construction costs and the sequence of work [4]. This helps project stakeholders to identify prob-
lems during the construction phase and keep track of work progress [2, 8]. 4D modeling helps to design virtual projects
and stimulate them with various scenarios, which enables all stakeholders to gain a better insight into the risks of the
project at an early stage and their reduction by taking corrective measures.

The major advantages and applicability of 4D modeling are visualization of the progress of construction at any time
with possible forecasting [8, 9]; logistics planning (movement of resources on the construction site) [10]; site layout
(reduces losses that might take place during construction, thus improving construction opportunities) [9, 11]; location-
based planning [9]; a clear understanding of the construction process and construction methodology [9]; checking sched-
ules using modeling [12]; discussing progress in meetings for a better insight [12]; safety planning (visual representation
of hazards and a safety plan) [9, 11]; analysis of the documentation and claims (it is quite easy to prove which party is to
be held accountable for the delay and what potential outcomes are to be expected) [12]; reducing risks in the project [9];
increasing customer satisfaction [10]; monitoring the project with modeling a schedule that helps to reduce the amount
of necessary improvement [9].

Notwithstanding the advantages that 4D modeling offers to the construction industry, there are technical and non-
technical problems preventing 4D modeling from being commonly adopted [8]. The widespread adoption of BIM and 4D
modeling is more affected by non-technical barriers than technical ones. Information on the scale of 4D modeling imple-
mentation in Russia is rather limited. Hence the experience of using 4D modeling overseas where this method is most
common was investigated. These countries are Great Britain, France, Slovakia, the USA, Iran, etc. Scholars and practi-
tioners in all of these countries note the problems associated with the development of the 4D model (model volume, level
of detail, time components, decomposition and aggregation) and the lack of proper implementation plans, guidelines and
standards to be adhered for 4D modeling to be implemented. The inexpediency of spending time on training and the lack
of time for employees’ training is also noted. A major obstacle to implementation is the lack of 4D modeling experience
in the market, the lack of standards for 4D modeling, difficulties in understanding the methods, and the longer process of
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creating a 4D model [9-13]. There is also insufficient customer demand for the use of the 4D model, high software in-
vestment as well as training costs, lack of knowledge of 4D modeling among the workforce, employees’ resistance to
abandoning traditional construction planning methods and switching to 4D modeling, as well as problems with data ex-
change between software related to software compatibility.

The construction industry has become somewhat aware of the value of BIM and started using it during the design
phase, but the use of BIM during the planning and construction phases is growing at a slow rate. There have been no
studies on the implementation of 4D modeling in Russia. There is thus a need to investigate the status of 4D modeling
implementation in Russia as well as the perceived advantages and issues of various subjects of investment and construc-
tion activities in the construction sector. The aim of the study is to investigate the extent of the use of 4D modeling, the
views of the main stakeholders on 4D modeling when it comes to the advantages, obstacles and motivational forces in
the Russian construction.

Materials and Methods. The target audience of the study is customers and contractors of the construction industry.
A sampling method was employed in order to select the respondents. In order to conduct the survey, a questionnaire was
designed including information about the demographic data of the participants, as well as some questions on the applica-
bility of 4D modeling, the advantages of 4D models as opposed to traditional approaches to construction planning, the
challenges of implementing 4D modeling, and motivational efforts to implement 4D modeling.

Descriptive statistics methods were used in order to analyze the data. The relative humidity index is employed in order
to rank the indicators for a better insight into the relative importance of how they are seen by the respondents. The T-test
is used to verify the statistical significance of the perceived differences between the clients and contractors, if any. The
Cronbach Alpha coefficient is used to ensure the internal consistency and reliability of the data for analysis.

The survey tool was designed digitally and requests were sent to customers-developers and contractors of the Southern
Federal District by e-mail. 27 responses were received, including from 17 contractors and 10 from construction customers.
Cronbach’s Alpha is used to evaluate the internal consistency of the instrument and the reliability of the data collected
for further analysis. The calculated values of Cronbach’'s Alpha are made in Excel and shown in Table 1. All the values
are over 0.7 (the threshold for social research) making the data collected reliable and acceptable for further analysis.

Table 1
Reliability statistics
Name Cronbach’s Alpha Number of the indicators
Possibility of use 0.906 12
[TAdvantages 0.925 12
Issues 0.812 14
Incentives for use 0.835 6
Total 0.894 44

Research Results. Information modeling technology functions are used to assess the feasibility of applying the ad-
vantages, obstacles, and driving forces of 4D modeling. According to the study of the used sources, indicators were
designed that are to be further investigated (Table 2).

A quantitative approach based on a survey is used to examine construction professionals’ views on applicability,
advantages, obstacles and driving forces of using 4D modeling in implementing investment and construction projects.

There were 27 responses received, with most provided by large organizations (71.8%), whereas the remainde were
medium-sized (10.8%) and small (17.4%) organizations. The respondents are the top management (23.9%), middle man-
agement (54.8%) and operational (21.3%) levels in their organizations. The respondents' work experience in construction
is as follows: 35% have more than a 10- year work experience, 36% of the respondents have a 5-10 year work experience,
19% of the respondents have a 2-5 year work experience, and 10% of the respondents have less than a 2—year work
experience.

Knowledge and use of 4D modeling. It was noted that most (74%) of the respondents know about 4D modeling, but
have not used it, whereas 11% both know and use it, and 15% said that they did not know about 4D modeling (Fig. 2).
Some of the respondents use the concept of 4D BIM, which is essentially equivalent to the concept of 4D modeling.
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BIM functions, challenges, and incentives for using 4D modeling

Table 2

Ng (.)fthe Name of the indicator
indicator
1. Functionality implemented during the introduction of 4D modeling
11 Logistics planning
1.2 Planning the organization of the construction area
13 Interconnection of individual construction plans of the contractors involved in construction
14 Planning of the organizational and technological sequence of work
15 Construction process visualization
1.6 Planning accounting for the location
1.7 Checking the construction plan using modeling
1.8 Possible work meetings held during the construction
1.9 Safety planning
1.10 Documenting and analyzing claims
1.11 Risk management
1.12 Variant design with construction schedule modeling
2. Issues of introducing 4D-modeling
2.1 Lack of customer demand for using the 4D model
2.2 High software investment costs
2.3 High training costs
24 Employees’ insufficient knowledge of 4D-modeling
25 No experience of 4D-modeling in the market
2.6 Unnecessary time spent on training
2.7 Insufficient time for the employees’ training
2.8 Employees’ resistance to change
2.9 No 4D-modeling standards
2.10 Issues of developing the 4D-model
211 Challenges of understanding the 4D-modeling methods
2.12 Traditional methods of implementing the project/contract

2.13 A more lengthy process of designing 4D-modeling
2.14 Issues of data exchange between the software programs
3. Incentives for implementing 4D-modeling
3.1 Developing local 4D-modeling standards
3.2 State support of 4D-modeling
3.3 Improving the software functionality
34 Software providers’ support
35 Knowledge of the advantages of 4D-modeling and return on investment
3.6 Positive examples of the use of 4D-modeling in the market

15% 11%

Both know and use 4D-modeling

= Know but do not use 4D-modelin

Do not know about 4D-modeling

Fig. 2. Knowledge and use of 4D-modeling
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The results indicate a higher level of awareness about 4D modeling and a much lower level of use. An attempt was
made to make sense of the plan of the respondents who know about but did not use 4D modeling. Although some of the
respondents indicated that they were planning to use 4D modeling in the foreseeable future (11% within a year and 31%
within 1-3 years), a significant proportion (58%) of the respondents are planning to use 4D BIM only after 3 years
(Fig. 3). This implies an expected lower spread of 4D BIM in the short term.

5%

Over 1 year
= Over 1-3 years

65% In 3 years

Fig. 3. Plans to implement 4D-modeling

Applicability of 4D BIM. The participants were asked to express their opinion on the possibility of using 4D modeling
functionality on a five-point Likert scale (from "not applicable at all" to "very applicable") in relation to the various BIM
functions according to the list provided in Table 2. The distribution of the responses is shown in Fig. 4. Their structure
indicates that the respondents rated 4D modeling as applicable. Among the BIM functions, "Visualization of the Con-
struction Process" (1.5), "Interconnection of Individual Construction Plans of Contractors Involved in Construction™ (1.3)
and "Verification of the Construction Plan Using Modeling" (1.7) turned out to be the most preferred ones. Although
"Planning of the Construction Site Organization” (1.2) and "Logistics Planning™ (1.1) were ranked low, they can be con-
sidered applicable. On top of that, the clients rated "Variant Design with Construction Schedule Modeling” (1.12) as very
applicable.
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Fig. 4. Possibility of using the 4D-modeling functional

Advantages of using 4D modeling. In response to a question about the advantages and usefulness of 4D modeling,
participants rated the various BIM functions listed in Table 2 on a five-point Likert scale (from "not profitable at all" to
"very profitable™). The distribution of the responses is shown in Fig. 5.

It can be noted that the response pattern is similar to the one shown above (Fig. 4). "Visualization of the construction
process"” (1.5), "Interconnection of individual construction plans of contractors involved in construction™ (1.3) and "Ver-
ification of the construction plan using modeling" (1.7) were evaluated as the main advantages of 4D modeling. However,
respondents believe that "Variant design with modeling of the construction schedule” (1.12) is more useful than "Inter-
connecting individual construction plans of contractors” (1.3). It should be noted that high scores on other indicators
indicate the very beneficial nature of 4D modeling.
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Issues of 4D modeling implementation. The respondents believe that "Lack of knowledge of 4D modeling among
employees" (2.4), "Traditional methods of project/contract implementation™ (2.12) and "Lack of 4D modeling experience
in the market" (2.5) are the major obstacles to the introduction and use of 4D modeling (Fig. 6). "Unjustified costs time
for training” (2.6) and "Lack of time for employee training™ (2.7) were assessed as minor issues for implementation.
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Fig. 6. issues of implementing 4D-modeling
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Incentives for using 4D modeling. In response to a question about the driving forces contributing to the implementation
of 4D modeling in organizations, on a five-point Likert scale (from "very low" to "very high"), the respondents rated
"Knowledge of the benefits of 4D modeling and return on investment" (3.5) as the major criterion (Fig. 7).
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Fig. 7. Incentives for using 4D-modeling

Along with 3.5, "Government support” (3.2) and "Accessibility of 4D modeling experience in the market™ (3.6) are
also considered as the major factors. It can be noted that "Support from software vendors" (3.4) was ranked the lowest.

Hypothesis testing. Although there was generally agreement among the construction customers and contractors on
their responses, an attempt was made to test that statistically to ensure that this was not by chance. The independent t-test
is a statistical test that is used to identify the difference in averages.1 In addition, the t-test is applicable when only two
groups are compared, and the sample size is very small. The following hypotheses are tested using the t-test for two
independent samples assuming equal variance at a significance level of 5%.

Null hypothesis Ho: There is no significant difference in the perception by the customers and contractors of the ap-
plicability, advantages, challenges, and incentives of implementing 4D modeling.

Alternative Hypothesis Hi: To test the null hypothesis, there is a significant difference in the perception of the cus-
tomers and contractors regarding the applicability, benefits, challenges, and incentives of implementing 4D modeling in
the construction industry.

The test results are shown in Table 3. The p-value indicator was used to verify the test results, which indicates the
probability of obtaining the observed results if the null hypothesis is correct, or the probability of error if the null hypoth-
esis is rejected. As the p-value for all of the four variables is over 0.05, there is no sufficient evidence to reject Ho, and Ho
is thus accepted. This means that there is no significant difference in the perception by the customers and contractors of
the applicability, advantages, challenges, and incentives of implementing 4D modeling.

Table 3

Results of the t-criterion for the null hypothesis

Variables p-value
Applicability 0.134
Advantages 0.707
Issues 0.367
Incentives 0.132
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Discussion and Conclusion. According to the study, it can be noted that there is a high level of knowledge knabout
4D modeling in construction. However, the task is to turn this knowledge into practice. Despite the increased knowledge
and willingness to use 4D models, most of the respondents do not plan to use this information modeling technology in
the next three years. In order to be competitive in the market and successfully implement investment and construction
projects on time, with proper quality and within a set budget, there is a significant need to implement 4D modeling in
construction organizations as early as possible.

Reviews of the applicability and advantages of 4D modeling (1.5, 1.3, 1.7 and 1.12 of Table 2) emphasize the need
for improved visualization for communication between the general contractor and subcontractors for timely transfer of
the work, the possibility of preliminary organizational and technological modeling of a range of options for managing the
construction process in order to complete the project on time as stipulated by the contract. Building capacity and oppor-
tunities through education and training is critical to meeting these expectations. Construction customers can predict vari-
ous project implementation options with the modeling of the construction plan (1.12), which demonstrates a change in
priority towards project quality and timely logistics.

Itis also important to pay attention to the obstacles to the implementation of 4D modeling. "Lack of knowledge about
4D modeling tools among the employees of construction organizations™ (2.4) calls for special attention to training and
continuous professional development within organizations. In order to address these issues, it is necessary to change the
"Traditional approach to project implementation” (2.12), apply innovative procurement methods such as integrated pro-
ject implementation (IPD) and smart contracts using blockchain. "Lack of experience using 4D modeling in the market"
(2.5) calls for educational institutions to review curricula to ensure that students graduate with the necessary digital skills.
As "Unjustified time spent on training" (2.6) and "Lack of time for employees’ training” (2.7) were assessed as minor
issues, meaning that organizations and their employees are willing to accept these changes and implement modern mod-
eling approaches.

While focusing on the incentives for using 4D modeling, it can be noted that it is necessary to promote information
about the advantages of implementing 4D modeling, to prove the efficiency of investing in this stage of information
modeling technology (3.5). Therefore "Government support for the use of 4D modeling” (3.2) plays a key role through
the development of appropriate standards, training programs, and other incentive measures. Currently, there is no official
set of rules reflecting approaches to the use of 4D modeling. It is only SP 331.1325800.2017 "Information Modeling in
construction" that gives a definition of 4D.

It can be noted that the major advantages of using 4D modeling are found in studies conducted overseas. Certainly,
there are a few differences. E.g., in the UK [8], "Logistics planning” (1.1) was ranked high, and the lack of knowledge of
the project participants was attributed to crucial problems. The unavailability of qualified specialists has proved to be a
critical factor in Qatar's construction industry. In India, the use of existing project implementation methods and lack of
customer demand were identified as the major challenges facing 4D modeling.

Considering the relatively small sample size, the conclusions are to be trusted with some reservations. A wider study
among customers and contractors with an increased sample size might shed more light. It is also worth exploring the role
of visualization for communication in decision-making by all project participants in order to improve implementation of
investment and construction projects.
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