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Abstract

The article focuses on analyzing and improving contemporary approaches to implementing application
modules for optimizing operational processes in construction enterprises under digitalization, with the
aim of increasing operational efficiency and improving the quality of construction project delivery. The
research methodology comprises literature and data analysis, expert assessments, surveys, and scenario
modeling. The study proposes three interrelated modules. The first module formalizes multi-criteria
optimization of the “cost-time-quality” triad and applies the discounted profitability index (PI) to multi-
stage projects; it derives objective functions to reduce unplanned expenditures (materials, labor), account
for the risk of design conflicts, and decrease required investment by preventing late changes. Although
the proposed optimization framework builds upon the classical “cost-time—quality” triad found in
PMBOK and BIM standards, its originality lies in the integration of financial, organizational, and
knowledge-based dimensions into a unified evaluation model. Unlike conventional approaches, this study
introduces the Discounted Profitability Index (PI) as a quantitative criterion that connects multi-stage
project phases with investment return dynamics. Furthermore, the model explicitly accounts for the risk
of design conflicts and unplanned material and labor costs as factors often omitted in traditional BIM-
based performance models. The inclusion of “knowledge productivity” as an efficiency metric provides an
additional innovation dimension, linking digitalization outcomes to human-capital growth and learning
effects. Together, these extensions transform the classical triad into a dynamic, investment-oriented
optimization system suitable for digital operational environments in construction enterprises.

The second module describes organizational and economic mechanisms for enhancing a firm’s
competitiveness when introducing a digital operating system based on BIM (standards, roles, processes,
and an implementation roadmap). The third module offers a methodological toolkit for step-by-step
evaluation of BIM effectiveness as an innovation-investment project, along with a set of simple,
transparent indicators (economic, functional, social, and “knowledge productivity” metrics). The findings
confirm reductions in total costs and increases in productivity and quality, provided that change
management, staff training, system integration, and cybersecurity are appropriately ensured.
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1. Research statement

The purpose of the research is to examine modern approaches to the implementation of applied
modules aimed at optimizing operational processes in the construction sector. Specifically, the
study pursues the following objectives:
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* Analysis of current trends: To investigate contemporary approaches and technologies in the
field of systems management and business process optimization within the construction
industry.

* Examination of applied modules: To review a variety of applied modules used to enhance
system performance in construction enterprises.

* Assessment of impact on efficiency: To analyze the influence of implementing applied
modules on improving the efficiency of operational process management, reducing costs, and
increasing the quality of project delivery in construction.

* Consideration of success factors: To identify the key factors that determine the successful
implementation and utilization of applied modules within the systems of construction
enterprises.

The research methodology will be based on a comprehensive analysis of academic literature,
statistical data, and expert assessments in this field. The primary research methods will include
surveys, data analysis, and scenario modeling of applied module implementation in the real
environment of construction enterprises.

The results of this study are of significant importance for the practical application of innovative
approaches in the management of construction projects. They are expected to contribute to
enhancing the competitiveness and operational efficiency of construction enterprises in the modern
digital environment.

To ensure methodological validity, the research employed both expert surveys and scenario
modeling. The survey was conducted among 28 professionals representing construction
enterprises, design organizations, and academic institutions in Kazakhstan and Ukraine.
Respondents were selected based on their involvement in digital transformation projects and their
experience in implementing BIM technologies. The survey collected expert evaluations on the
importance of digital modules in enhancing operational efficiency, cost reduction, and process
integration.

Scenario modeling complemented the survey by simulating two contrasting operational
frameworks - traditional management systems and digitally optimized systems incorporating the
proposed modules. The scenarios were tested using typical multi-stage construction projects with
variable parameters for cost, duration, and quality. Comparative analysis of the modeled outcomes
made it possible to assess the potential impact of digitalization on performance indicators such as
cost reduction, risk mitigation, and resource utilization efficiency.

2. Literature review

The analysis of applied modules for optimizing operational processes in the construction sector
relies on a wide body of literature that spans project portfolio management, investment efficiency,
and digitalization through Building Information Modeling (BIM).

Early research into project management frameworks [1] emphasized portfolio governance,
benefits realization, and multi-criteria decision-making as foundations for project efficiency. Their
contributions shaped the methodological baseline for assessing cost, quality, and schedule trade-
offs within complex projects. In parallel, works in investment management [4] and economic-
mathematical modeling introduced quantitative approaches such as NPV, IRR, and profitability
indices (PI), which remain critical tools for evaluating staged construction projects. Recent studies
also highlight the importance of resource allocation models in improving project efficiency,
including expert-based methods such as the Delphi approach and task prioritization frameworks
for labor distribution [2].

The development of digitalization practices in construction is strongly associated with BIM.
Eastman et al. [3] and Succar [6] provided comprehensive frameworks for BIM adoption and
highlighted its potential for reducing costs, mitigating design conflicts, and improving
collaboration. These insights were further expanded by Azhar [11] and Smith [12], who



investigated BIM implementation trends and identified both benefits and risks in large-scale
projects. demonstrated that BIM not only enhances project accuracy and reduces rework but also
improves project-level and organizational-level productivity.

Complementary perspectives come from broader management theories. Davenport [8]
emphasized process reengineering through IT, laying a foundation for wunderstanding
organizational transformation under digitalization. Kaplan and Norton [9] introduced the balanced
scorecard as a tool for performance measurement, providing a bridge between strategy and
operational indicators. ISO standards, particularly ISO 9001:2015 and ISO 19650 [20],
institutionalized quality and information management practices, supporting structured adoption of
BIM and other digital tools in construction enterprises.

Tormosov et al. [21] propose a rational economic—analytical framework for integrating projects
across multiple sectors into a targeted, diversified sustainable energy development program. They
apply multi-criteria optimization to align project selection with strategic program goals and
maximize resource efficiency. In a related study, Chupryna et al. [22] introduce an updated
decision-support tool for selecting projects within sustainable energy initiatives, refining
evaluation criteria and weighting schemes to optimize the project portfolio. Together, these works
highlight the need for structured, transparent project-selection mechanisms that link individual
initiatives to broader energy sustainability and development objectives.

The reviewed literature collectively confirms the value of integrating economic-mathematical
modeling with digital tools such as BIM to optimize construction processes. While project portfolio
management and investment evaluation provide robust methodological foundations, studies on
BIM emphasize the transformative potential of digitalization for reducing unplanned costs and
improving stakeholder collaboration. However, several gaps remain: (1) insufficient empirical
validation of multi-criteria optimization models (cost-time-quality) in construction enterprises, (2)
limited research on the socio-psychological aspects of BIM adoption, and (3) a lack of comparative
studies across different national contexts, especially in emerging economies. Future research
should focus on developing integrated evaluation frameworks that combine financial,
technological, and human factors, as well as on creating adaptive methodologies for the staged
implementation of digital modules in construction enterprises.

3. Presentation of the main material

We propose and describe modules that will contribute to achieving systemic efficiency in
transforming the operational system of construction enterprises and to identifying the key
components required for the successful digitalization of the operational system of construction
enterprises (OS-CE) within the broader context of economic digitalization.

The first such module will be built upon a proposed economic-mathematical model aimed at
reducing the cost of implementing construction projects through the digitalization of the OS-CE.
This model employs a multi-criteria approach based on the fundamental criteria of quality
assurance, cost efficiency, and timeliness of construction [1].

Under the conditions of operational system digitalization in construction companies,
construction cost becomes the most critical indicator for evaluating the effectiveness of projects.
The most commonly used methods for assessing project efficiency include NPV (Net Present
Value), IRR (Internal Rate of Return), PI (Profitability Index), decision trees based on scenario
modeling, and sensitivity analysis. By analyzing the advantages and limitations of existing
performance indicators used for project evaluation, it was determined that in this case the use of
the Discounted Profitability Index (PI) ensures investment returns for construction projects
implemented in multiple phases and allows for their maximization in the development of
economic-mathematical models.

To validate the applicability of the proposed modules, a scenario-based simulation and expert
evaluation were conducted. Two scenarios were analyzed: a baseline (traditional project
management model) and an optimized digital scenario integrating the proposed multi-criteria



“cost-time—quality” optimization framework and BIM-driven operational modules. Under identical
project conditions, the simulation demonstrated a potential reduction of unplanned material
expenditures by 9.4% and a shortening of project duration by 6.8%. Additionally, expert assessment
involving eight specialists in construction management and digital transformation confirmed the
logical consistency of the proposed models and their feasibility for implementation in medium-
sized enterprises. The experts noted that the integration of the discounted profitability index (PI)
with BIM-based workflow control provides a practical mechanism for improving cost
predictability, minimizing late design changes, and enhancing the overall efficiency of construction
project delivery.

Table 1 presents the indicators that support the calculation of the discounted performance index
of investment projects in construction [2].

Table 1
Calculation of the Discounted Efficiency Index of Investments in a Construction Project
Net Present Value Index Identification
- M
Z t where M, - inflow of financial revenues in
t
pr=_=1 (1+r) ) period t; U, — amount of expenditures in
i U, period t; rrr — discount rate; mmm - total
ber of periods (¢t =1, 2, ..., n).
& (1+r)t number of periods ( n)

When formulating the goal of maximizing the efficiency of investment projects implemented by
companies with digital operational systems, it should be remembered that this goal cannot be based
on a single criterion. Considering the advantages of digitalizing the operational system of
construction projects through BIM identified in this study, three key components of efficiency can
be highlighted. The main advantage of BIM modeling lies in maximizing project accuracy; the main
advantage of digitalizing the operational system lies in maximizing project efficiency; and the main
advantage of digitization is maximizing project cost-effectiveness.

This leads to a reduction in the potential for increased construction costs due to unplanned
material use, the elimination of the risk of structural clashes, and the prevention of repeated
corrections during construction. Furthermore, it enhances labor productivity by avoiding design
modifications at later stages of project implementation [3].

Both the numerator and the denominator of this indicator depend on the absolute size of the
project; these advantages of implementing a BIM-based digital operating system can be formalized
as objective functions presented in Table 2, aimed at reducing costs while maximizing project
accuracy. The first of these functions is the reduction of the potential increase in construction
costs, which can be expressed as the minimization of unplanned use of funds and materials.

This objective function is aimed at reducing unplanned expenses during the construction
process, which may include unexpected labor or material costs caused by design problems or
conflicts. Minimizing these costs helps to decrease the overall project expenditures and supports
the efficiency of financial management during the implementation of the construction project.

In addition, the volume of investments required for project implementation is considered with
respect to the risk of structural conflict. This means that planning and investment calculations
must account for potential risks related to the design and technical aspects of the project in order
to avoid unforeseen expenses and ensure effective financial management during implementation.



Table 2

The creation of specification functions, aimed at reducing costs while maximizing project accuracy,
also includes the reduction of potential increases in construction costs. Reduction of the probability
of increasing construction costs

Reduction of the probability of increasing construction costs

Objective Designation
_ i F+V]" ) F, - investments required for the digitalization of the
F.= ot ( 1+ t) x t - min, (2) construction operating system. V" — annual implementation

costs.

Constraints. Minimization criteria for the first objective function (ensuring the quality of
construction projects)

Criterion Indicator

V' — unplanned increase in the use of funds and materials

m during the entire period of the construction project.
Vo= z V:ar, (3) V. — percentage of the project’s estimated cost (UAH), including
t=1 expenses and materials, which represents the threshold of cost

savings to ensure construction quality.

As a second objective function, one can also consider RRR (unplanned labor and material
expenses), which serves as a criterion for minimizing the cost of the construction project, as well as
the volume of investments required for implementation, taking into account only the risk of
structural conflict:

Increasing labor productivity by avoiding late changes to the project during construction can be
included as a key component of the third objective function to improve project efficiency and
ensure its successful implementation. This indicator reflects the organization’s ability to prevent
significant alterations in the project during execution, which may result in saving time, resources,
and funds. Preventing late changes contributes to better project planning, reduces the risk of
emerging problems, and ensures the stability of the construction process. This objective function
makes it possible to assess the effectiveness of change management during construction, which is
an important factor in securing project success.

Table 3
Formulation of the objective function related to reducing costs while maximizing project accuracy.
The amount of investment required for project implementation

Objective Representation

var R - investments required for the implementation of a
V. +R, . construction company with a digital operating system,
—F— > min, 4 1 . . .
( considering unplanned increases in the use of funds, materials,
and wages R"™.

Constraints. Considering the risk of structural conflict and further isolation.

Criterion Indicator

R" - unexpected increase in the use of raw materials and
resources, taking into account possible structural conflict
(measured in UAH).

Dis.) — percentage of project costs for materials and labor
(UAH), which acts as a constraint for reducing expenditures to
ensure construction safety.




Enhancing labor productivity by avoiding late modifications to the project during construction
can also be considered a key component of the third objective function aimed at reducing
investment costs (K)) (in UAH) [4].

Table 4

Development of functions aimed at reducing costs while increasing project accuracy, providing for
a decrease in the amount of required investments.

Reduction of investment volume.

Main objective Identifier
K, - the total amount of investment required for the
K t+E implementation of the construction project, including potential
K,= Z - min, (6) savings in the wage fund E, achieved through increased labor
1 + r productivity by maximizing project accuracy (measured in
UAH).
Constraint: the main criterion is the reduction of construction time of the facility.
Criterion Indicator
K- the total amount of financial resources released due to
m
b increased labor productivity (in UAH).
K,=z E;/arSDC’ (7) . P . ’Y( ‘ ) .
por D.’- represents the share of the project’s estimated cost covering

labor expenses (in UAH).

Mechanism of organizational and economic implementation of information modeling technologies

!

Companies implementing

IBN Increasing the competitiveness of domestic construction companies by ensuring the
quality, cost and timeliness of construction work and reducing construction risks
Government l

!

Creating conditions for the mandatory use of BIM technology in cases where the
design and construction process is particularly dangerous, unique, or concerns
facilities with mass human presence.As well as creating conditions for the mandatory
use of BIM technologies in cases where the design and construction object is
financed from the federal budget or from the budgets of companies whose capital is
state-owned.

Elimination of legal
and administrative
barriers to the use of
BIM technologies.

Creation of a BIM L l
technology market in \ AR
Ukraine.
Development of Administrative (legislative framework of Ukraine, Ministry of Construction, Architecture and
infrastructure and Housing and Communal Services of Ukraine); banking (judicial, real estate design, bank);
human resources for public (professional organizations of builders and architects)
the implementation of
BIM technologies in L l
the practice of )
construction

Stage 1: Systematization of legal bases and engineering indicators of the use of information

COIPaTICes modeling in research, design and construction. Verification of compliance of the regulatory and
Deve'lopment of technical framework on pilot projects.
nahor;al SIM Stage 2: Organization of infrastructure for training of professional personnel for the
standards.

implementation of information modeling technologies.
Stage 3: Legislative approval of the mandatory use of information modeling technologies in
the implementation of investment construction projects using budget funds

Figure 1: Organizational and economic mechanisms of using information modeling technologies in
enterprises based on the digitalization of BP-S [6, 9, 10].



Considering the task of maximizing the efficiency of construction projects by focusing on
quality, cost, and construction time, it should be noted that when selecting each of these criteria for
the studied indicator, it is necessary to formalize a number of variables [5]. However, by
simplifying the project’s complexity, this task can be transformed into a single objective aimed at
minimizing the denominator of return on investment, taking into account the criteria of quality,
cost, and project implementation time.

The second aspect of systemic efficiency in modifying the operating systems of a construction
company involves the conditions and measures to enhance the competitiveness of a construction
company implementing a project based on the digitalization of operating systems and the use of
BIM [6].

Figure 1 presents a conceptual diagram of the module, which illustrates the conditions and
measures for improving the competitiveness of a construction enterprise executing a construction
project, based on the implementation of the digital operating system of the enterprise and BIM [7].
The reasons for discrepancies between planned and actual construction costs may include outdated
methods of design and construction supervision, as well as administrative corruption. The difficulty
lies in the objective management of various documents related to the scope and cost of planned
works. Different teams develop spatial-planning solutions and engineering networks, prepare cost
estimates, and so on. As a result, the project and working documentation include drawings and
calculations that are required for improving success and are necessary for the effective
implementation of BIM technology in a construction and design enterprise, as illustrated in Figure
2.

Measures required to implement information modeling technologies in the work of design and
construction organizations

-

Stage 1: Systematization of legal principles and

engineering indicators for the use of
information modeling in projects, design and
construction. Verification of compliance with
the regulatory and technical framework on
pilot projects

Clear definition of sustainability of Investment Construction Initiatives (CI):

- Development of a unified system of requirements for documentation
(structure and content) in civil engineering planning, engineering surveys
and design.

- Standardization of working documentation and its unification in a single
electronic format.

- Procedure for making amendments and additions to the legislation of
Ukraine.

}

Stage 2: Organization of infrastructure for
training professional personnel to implement
information modeling technologies

!

Formation of aibrary of elements:
- Engineering systems and equipment of various sizes and types.
- Standard parts and structures of investment construction projects for use
in building information modeling

Creation of national professional standards in the field of BIM taking into
account world practice, as well as development and implementation of
international professional standards. Conducting an analysis of foreign

national and international standards that determine the use of BIM
technologies.Organization of scientific research and formation of working
groups and teams to develop professional standards for the application of
BIM technologies

}

Establishing a unified system of requirements
for input data that will be used in the
development of models

'

Creating a single information space for
knowledge exchange among all participants in
the construction process

Stage 3: Legislative approval of the mandatory
use of information modeling technologies
during the implementation of Investment
Construction Projects using budget funds

!

- Development of unified standards and
methodological foundations for the
implementation of technologies in the practice
of design and construction organizations.

- Application of these standards during the
construction and reconstruction of especially
dangerous and unique public infrastructure
facilities.

- Use of standards for the construction of
facilities financed from the state budget

Development of regulatory and
methodological approaches to pricing when
using BIM technologies in the implementation
of Investment Construction Initiatives.
Establishment of pricing procedures when
using information models in design,
construction, etc.

v

Creation of a system and organization of work on professional training and retraining of personnel that will
ensure the implementation of BIM technologies in practice

Establishing procedures and creating a general control body: professional associations of designers and
builders. Developing a website for working groups of professional associations of designers and builders

Creation and approval of documents defining the procedure and timing of pilot projects, implementation

of pilot projects based on BIM. Analysis of results and development of recommendations for improving the

regulatory framework

Figure 2: Necessary steps for the successful implementation of BIM technology in a construction

and design enterprise.



Changes in documentation during construction will naturally lead to an increase in both the
duration and cost of the project. The later the changes are introduced, the higher the costs become.

The third module, dedicated to the systemic efficiency of changes in the operating systems of
construction enterprises, reflects the scenario of implementing information modeling technology in
an organization through a comprehensive approach in the form of methodological tools for
evaluating the integration of BIM technology into organizational activities.

It provides an assessment of the effectiveness of BIM implementation in an organization as an
innovation-investment project [8]. When introducing BIM, a comprehensive approach is necessary,
which requires changes in the design technology, the organization of the design process, and the
mindset of the designer, rather than simply changes in the computer software.

From the evaluation of the feasibility of a comprehensive approach to BIM implementation,
several key conclusions can be drawn:

1. BIM technology ultimately reduces costs. The more competently and skillfully this process is
integrated into the company, the more competitive it becomes in the market of investment
and construction projects. A new organization of relationships between all participants in
the implementation of investment and construction projects is required.

2. Labor productivity at the initial stage of BIM implementation is lower; the adoption of BIM
technology, like any other innovation, requires investments. The design organization itself
must undergo changes. Personnel changes within the company are necessary, such as
recruiting or training new specialists as BIM managers.

3. Pilot projects and external consultations will play an important role.

The implementation of BIM technology can be regarded as a fully innovative project; a
comprehensive approach to BIM implementation can be finalized by defining a system of indicators
that may serve as an evaluation of this process [8].

The effectiveness of an organization in implementing innovative projects can be assessed in the
following areas: the level of scientific and knowledge development of the organization; the level of
technological development of the organization; the techno-economic efficiency of implemented
innovative projects; and the competitiveness of innovative projects that contribute to achieving
organizational goals. The same approach can be applied to BIM implementation.

The level of scientific and informational development of an organization introducing the
innovative BIM project can be evaluated using the indicators presented in Table 5.

In our opinion, the system of indicators should not be complex; it should be clear and practical
in order to save time on information collection and processing. Creating an effective system of
indicators is a key aspect of management aimed at ensuring efficiency and effectiveness in various
areas of activity. In particular, in the field of business and project management, it is important to
have a system of indicators that is not only simple and understandable but also practical for
ensuring the optimal use of time in gathering and processing information [11].

Let us begin by considering the necessity of simplicity in the system of indicators. It is
important that the system is easy to understand and apply for all participants in the process.
Excessive complexity may lead to confusion and misunderstandings, which, in turn, slow down
decision-making processes and affect the efficiency of the team or organization as a whole. Simple
indicators, which are easy to perceive and interpret, allow such problems to be avoided and ensure
greater transparency and coherence in activities.

Clarity of the system of indicators is also a key aspect. Indicators must be clearly defined and
firmly connected with the goals and strategy of the organization. Each participant should clearly
understand what each indicator means and how it reflects the organization’s performance [12].
Clarity helps avoid misunderstandings and ensures unambiguous interpretation of results, which is
important for making well-founded decisions.



Table 5

Level of scientific and informational development of an organization implementing a BIM-

innovative project [10, 12]

Indicator

Key responsive element

Coeflicient of the level of
scientific and
informational

development of an
organization
implementing a BIM-
innovative project

Coefficient of experience
accumulation in
knowledge modeling,
representing the degree of
accumulation and
acquisition of experience in
the process of knowledge
modeling

Indicator of innovation
activity in modeling,
reflecting the degree of
intensity and activity in

introducing innovations
during the modeling process

C
BIM BIM
RMM=ZBM )
C
total expenditure on the implementation of BIM

BIM
n =0, 1].

where Cpg,
technology; C - total production costs. R

A value of 0 indicates that the implementation of the BIM-innovative
project has been successfully completed, the level of knowledge
development in the organization is high, and the project is scientifically
justified. A value of 1 indicates that design information technologies are
being introduced in the organization from scratch, and the level of
scientific knowledge development is unsatisfactory.

PBIM:CPTBIM
© CPT ’

where PgIM - number of projects implemented using BIM technology;

©)

CPT - total number of projects implemented. C PT g, = [1, o0].

This indicator describes the process of increasing the level of knowledge
development in the organization through the accumulation of experience
in knowledge modeling.

LT
L?IM: BIM , (10)
LT
where L?IM - number of products created by the organization’s

employees using BIM without involving external structures; LTy — total
number of objects or elements that are part of the organization’s library
and are used for modeling.

LTe[0,1]. It is advisable to use the available experience and developments
of other companies. In this context, it is important to monitor the
dynamics of the indicator to confirm the presence of innovation activity in
information modeling.

In addition, the system of indicators should be practical. This means that it should not only be
theoretically useful but also applicable in real practice. Indicators should be balanced and aligned
with the specific needs and objectives of the organization. They should help solve particular
problems aimed at improving performance and achieving strategic goals. The effectiveness of the
system of indicators is also linked to saving time in collecting and processing information. The
more efficiently the indicators can be gathered and analyzed, the quicker it becomes to respond to
changes, make decisions, and introduce adjustments to strategy. This enables the organization to
be more flexible and competitive in the market.

Thus, a system of indicators that is simple, clear, and practical contributes to improving
management efficiency and achieving organizational success. It creates a platform for effective
monitoring and analysis of results, allowing management to make evidence-based decisions
grounded in objective data and to achieve strategic goals with greater confidence. For example, the
set of economic indicators of implementation efficiency may include the following, presented in
Table 6.



Table 6
Economic indicators reflecting the efficiency of BIM implementation

Formula Key responsive element

Indicator of income growth B, - economic indicator of BIM implementation
efficiency in terms of net profit, expressed as a
percentage. SO and S1 indicate the organization’s net

Bp — w x100%, (11) profit before and after BIM implementation, measured in
SO0 UAH.
Growth of sales profit
Bix - economic indicator of BIM implementation
( D1-D 2) efficiency considering profit growth, expressed as a
B, = x100%, (12 percentage. D0 and D1 indicate the organization’s profit
DO before and after BIM implementation, measured in UAH.

Correlation of BIM-related income with
total income over four quarters
ABh - ratio of profit from BIM implementation (Tsn) to
( BIM) the total amount of profit over the last year (T).

ABh= ! (13)
=

Created on the basis of literature analysis [13, 16].

When approaching the evaluation of BIM implementation from the perspective of functional
and systems analysis, it appears methodologically appropriate to use a set of scientifically
grounded target indicators that demonstrate the achievement of organizational goals and the
effectiveness of BIM implementation:

1. Achievement of functional efficiency - the degree to which the main objectives of BIM
implementation are fulfilled;

2. Level of economic efficiency achieved — the return on investment in BIM implementation;

3. Level of social efficiency achieved - reflecting how BIM implementation influences employee
productivity and working conditions;

4. Achieved level of scientific productivity and knowledge productivity - indicating the
innovativeness and originality of the software products developed and applied with BIM
(14];

5. Achieved level of knowledge productivity and psychological productivity — reflecting the
impact of BIM implementation and the transition to a new methodology for executing
construction projects on the socio-psychological climate of the team and employee
satisfaction [15].

Methodologically, the evaluation of the effectiveness of BIM implementation in organizational
activities, considered as an innovation-investment project, can be presented as the following series
of steps (Fig.3).

The practical significance of the proposed methodology lies in the possibility of directly using
the suggested target indicators for a comprehensive evaluation of the BIM implementation process
in a company’s activities during the execution of a construction project.

The target indicators we have developed make it possible to assess different aspects of BIM
implementation in terms of their impact on project performance and effectiveness. They can be
used to evaluate the qualitative and quantitative step-by-step progress of BIM adoption, as well as



to determine the influence of these technologies on various project aspects such as cost, execution
time, quality, and communication between stakeholders in the construction process.

Stage 1 - Assessment of the functional effectiveness of the
organization implementing digital technologies. This allows
you to determine how effectively the organization's main
goals and objectives are achieved and solved

. h . Methodology for assessing the effectiveness of Stage 2 - Comprehensive assessment of
Stage 4 - Evaluation of synergies achieved . . i Al Rl . . P A
T e e , implementing digital technologies in the activities of an » economic, social, scientific, informational
€ ey organization as an innovation and investment project and psychological activities

Stage 3 - Comparison of positive and negative

Stage 5 - Monitoring and evaluating the effects of functional, economic, social,
effectiveness of BIM implementation activities scientific-informational, informational-
based on target indicators with subsequent psychological efficiency. The goal is to assess
implementation of necessary changes the positive and negative consequences of BIM
0 implementation

Figure 3: Proposed methodology for step-by-step evaluation of BIM implementation effectiveness
in organizational activities as an innovation-investment project [15, 18, 19].

Our target indicators can be applied at different stages of project implementation. For example,
at the planning stage, they can help assess the organization’s readiness for BIM adoption,
determine the needs for staff training, and prepare the necessary infrastructure. At the
implementation stage, they serve as tools for monitoring and controlling the process of integrating
BIM into the company’s workflows. At the operational stage, the indicators can help evaluate the
achievement of set objectives and identify opportunities for further development [18].

Such use of target indicators enables a company to obtain objective information about the
effectiveness of BIM implementation and to promptly identify problematic aspects that require
attention and correction. This, in turn, helps to enhance project performance, reduce risks, and
ensure the successful integration of BIM technologies into the company’s activities.

In conclusion regarding target indicators, their integration into BIM has specific and practical
significance for evaluating and controlling the implementation of this technology in the company’s
construction activities. They provide an opportunity for effective BIM adoption and the
corresponding optimization of project processes in line with modern requirements and
technological capabilities. Adhering to these indicators will improve both the quality and efficiency
of work, contributing to the achievement of successful outcomes in the fields of construction and
design.

4. Conclusion

The study of applied modules of systemic performance in changes to the operating systems of
construction enterprises has highlighted the significance and importance of implementing modern
technologies to improve management efficiency and organizational performance in this sector. In
our research, we examined various aspects of the introduction of applied modules, as well as their
impact on the optimization of business processes in construction enterprises.

First and foremost, the implementation of applied modules makes it possible to automate and
optimize key operational processes such as resource planning, project management, procurement,
and production. This contributes to reducing human intervention, increasing task execution speed,
and lowering the risk of errors. The second aspect involves improving monitoring and data
analysis. The integration of data analytics systems allows construction enterprises to obtain



objective information about performance efficiency, identify trends and weaknesses, and make
data-driven strategic decisions.

In addition, applied modules enhance the efficiency of human resource utilization. The
implementation of personnel management systems enables the optimization of recruitment,
training, and employee development processes, which improves productivity and reduces staff
turnover.

The results of the study confirmed that the integration of applied modules of systemic
performance in changes to the operating systems of construction enterprises yields significant
positive outcomes. In particular, reductions in costs, improvements in labor productivity,
enhancements in work quality, and decreases in error risk were observed. However, for the
successful implementation of applied modules, certain factors must be taken into account. These
include establishing effective interaction between different systems and modules, ensuring staff
training and support, as well as maintaining cybersecurity and data protection.

In conclusion, the introduction of applied modules of systemic performance in construction
enterprises’ operating systems is a relevant and promising direction for improving efficiency and
competitiveness in this field. These technological solutions allow enterprises to optimize processes,
enhance management, and achieve better results within the modern digital environment of the
construction industry.
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