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Abstract. The paper articulates the problem of modeling management decision-making process in new
digital reality: decision-making under uncertainty, volatile environment, huge amount of data to be
accounted, objective analytical risk attitude. The proposed solution includes critical selection of risk and
uncertainty management tools aimed at improvement quality of management decision-making information
support in the sustainable development context (on the example of construction projects).
The aim of research is the development of the new “digital” approach to the process of reducing
uncertainty when decision making in highly risk projects, including the process model and toolkit.
Methodology is based on logical analysis and synthesis, decomposition, qualitative analysis of the relevant
literature and primary data (top management informal interviews, targeted sample), comparative and
regression analysis, time series analysis, mathematical statistics and simulation modelling based on nine
sets of design estimation paperwork and turnover-balance sheets.
The contribution into the existing knowledge includes substantiating the correlation of the terms of the
digital decision-making and simulation modeling tools in high-risk projects management under
insufficient statistical data and their mutual interaction. Also, advisability of formalization of the decisionmaking method based on unprocessed design estimates is justified, and appropriate methods for
sustainable decision-making information support are selected. The approbation demonstrated practical
significance and economic effectiveness of developed approach; experiment was carried out on the base of
«RSU – 6» LLC’s projects (Tchaikovsky, Perm region).
Key words: uncertainty, high-risk projects, digitalization, digital decision-making, simulation modeling,
management model.

1 Introduction
Decision-making under uncertainty is linked to impossibility to assign a probability to future states of nature [1]. In
this case, a decision-maker is guided by his/her risk preferences reflected by decision-making criteria, such as Wald,
Maximax, Hurwitz, criterion of Savage, Laplace or others. However, the efficiency of these criteria is rather low,
especially in short and medium terms, mostly relevant for project management [2]. The choice of a decision-making
criterion is the most difficult and responsible step, and there are no universal recommendations. In fact, such an
approach simply reflects decision-maker’s personal risk attitude. In general, it gives an illusion of objective
justification, since the matrix contains a finite, and relatively small, number of possibilities, while in reality the number
of possible states of nature is usually infinite [3]. Consequently, in the vast majority of cases, it seems to be rational to
make some efforts to reduce decision-making under uncertainty to decision-making under risk. Thus, it is necessary to
find a way to assess probabilities of future states of nature. Some authors believe that the probabilistic approach is
justified and efficient only when the input parameters are determined by large amounts of representative statistics, and,
in reality, generalising the results of a study on certain sample to the entire population is not always correct. However,
there is also an opinion that, presuming proper application, even subjective probability estimations, especially those
processed in a certain way, can reduce uncertainty in decision-making [4,5].

2 Problem Statement
In practice, a significant number of management decisions, especially major, complex ones, are made using heuristic
methods and intuition. But some of these decisions could be comparatively easily mathematically formalised and
processed, that usually gives more adequate and less distorted results [6]. However, many managers are sceptical on
business intelligence aids ability to reduce uncertainty. In Russia, compared with Western countries, the level of
scepticism is somewhat higher [7]; most likely, it can be explained by attempts to transfer Western companies’ methods
directly without national specifics consideration. Among the reasons for unwillingness to use mathematical statistics
combined with expert opinions in their work, managers of Russian companies usually name:
- impossibility to get an exact result because of errors, rounding and approximation;
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- distrust to statistics or its insufficiency;
- complexity of methods’ application, difficulties of interpretation for non-specialists;
- lack of qualified specialists.
However, acting solely on the basis of intuition is wrong. Quite the reverse, managers should systematize both
already known information, and information that potentially could be obtained. Even if analysis of aggregated
information would not result in a meaningful forecast of possible solutions, managers still get a general idea of the
future [8]. Hence, there is a need to justify the following points:
- approximate results, meaning not a complete uncertainty elimination, but its reduction, are also valuable;
- some uncertainty reduction does not require lots of data, especially when the uncertainty is high;
- both formal data and processed experts’ opinions can be used;
- there are simple to use but efficient tools that produce easy to understand results if applied correctly.
That determines the problem of this article and the logical scheme of research:
1) development of the digital approach to management process of decision-making under uncertainty and risk,
proceeding the primary intuitive (personal experience and unstructured data based) and the following analytical
(modeling and extrapolation based) approaches;
2) development of infrastructure for implementation of digital approach to decision-making;
3) application of simulation as fundamental toolkit in digital decision-making.
The stated problem allows the authors to distinguish the research questions.

3 Research Questions
This paper logically combines and elaborates the following fields of knowledge:
management decision-making under uncertainty and risk, analytical approach and formalization as a mean of
its quality improvement;
data warehouse (DWH) as the key infrastructural foundation for business intelligence (BI) systems;
selection of optimal tools for implementation of the offered approach and their testing.
Synthesis of the named aspects results into a coherent well-rounded management (decision-making) digitalized
model accommodating business needs in the volatile environment.

4 Purpose of the Study
The aim of research is the development of the new “digital” approach to the process of reducing uncertainty when
decision making in highly risk projects, including the process model and toolkit. The objectives:
to distinguish relevant aspects of management decision-making under uncertainty and risk, and to critically
assess possible ways of its quality improvement in the context of digitalization focusing on formalization;
to consider DWH as the key infrastructural foundation for digitalization at the micro-level providing the
management with broad opportunities for simulation modeling under uncertainty and lack of data;
to investigate correlation of the terms of digital decision-making and simulation modeling tools in high-risk
projects management under insufficient statistical data and their mutual interaction;
to justify formalization as a base for high quality sustainable decision-making and select appropriate methods
for information support;
to synthesize the named aspects into a coherent well-rounded management (decision-making) digitalized
model accommodating business needs in the volatile environment.
to test the developed approach to validate its practical significance and effectiveness.
According to the stated purpose broad range of qualitative and quantitative management research methods should be
elaborated and used.

5 Research Methods
Methodology is based on logical analysis and synthesis, decomposition, qualitative analysis of the relevant literature
and primary data (top management informal interviews, targeted sample), comparative and regression analysis, time
series analysis, mathematical statistics, simulation modeling and Monte Carlo simulations based on nine sets of design
estimation paperwork and turnover-balance sheets provided by «RSU – 6» LLC. The detailed methodology is presented
in the connected papers [9, 10].
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6 Findings
Modern volatile business environment, direct proportion between a project’s risk and profitability levels and
informational overloads determine managers transfer from primary intuitive approach (personal experience and
unstructured data based) and the following analytical one (modeling and extrapolation based) [11], to digital decisionmaking [12]. Literature review prove the validity of these statements [13, 14].
Historically the most natural decision-making approach is based on managers personal experience, intuition and,
sometimes, fragmented data. The key role in decision-making belonged to the manager and his/her personal
competencies [11].
Analytical approach to products, customers and the business environment allows a company to forecast the demand
structure and decrease uncertainty. The design of this system should reflect the whole range of currently disintegrated
business processes, provide effective data processing tools and present contextually relevant information in an easily
understandable way. A common informational space is likely to increase the levels of data accessibility and
transparency [15, 16].
Current trends and newest technological solutions give managers opportunity to accumulate and process enormous
amounts of data. Adequate realization of this opportunity brings certain advantages in high-risk projects decisionmaking under volatile completive environment. Consequently, economy digitalization brings certain benefits at the
micro level. However, the obstruction of its wide implementation in companies lays in the management field. That leads
to the need of a management model that would logically combine BI (data-driven) approach and the social and
psychological needs and features of personnel [17]. The development of approaches to decision-making process under
uncertainty and risk is presented at Figure 1.

Figure 1. Evolution of decision-making approaches (Source: compiled by the authors)

Digital approach is considerably based on analytical one, sharing the same infrastructure (means of data, collection,
accumulation, transition, processing, etc.). Development of infrastructure and environment features for implementation
of digital approach to decision-making starts with examination of the term “DWH”.
DWH is widely discussed in academic circles since 1990’s. Its concepts are developed and analyzed in a range of
works, and this paper is based on the articles that represent the needed balance of technical and managerial view [5, 1820]. Presently, DWH is recognized as a key infrastructural foundation for most enterprise level BI systems [20]. The
synthetic definition of DWH can be formulated as a subject-oriented, integrated, time-variant and non-volatile
collection of data [20] incorporated into a consistent form to deliver ‘360 degrees’ observation of the organization. That
includes collecting data from various sources, its processing and forming a homogenous easily manipulated body of
data. This definition articulates not only the system but also data quality parameters that will be discussed later. The
process of a DWH development and implementation is usually complex and continuous. It can be examined from
different perspectives, and this paper investigates the managerial one. From the managerial view, the whole
development and implementation process can be described at figure 2. The detailed explanation of the presented figure
is given in previous works [21].
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Figure 2. DWH development and implementation factors
(Source: compiled by the authors)

The function of DWH as informed strategically oriented decision-making support determines the major requirement
to the system as Business (company) Orientation [22]. Moreover, a wide range of previous studies proves that in terms
of the success factors the non-technical factors tend to be more influential comparing to technical ones [5].
If the positive impact of the DWH usage on the performance is recognized among the staff, people tend to embrace
the new practice more willingly. Less efforts are required to use the system, the more efficient and satisfactory for an
individual it is. That motivates people to use and develop the DWH, supplementing it with extra clear relevant data.
Application of simulation as fundamental toolkit in digital decision-making underlines the idea that digital approach
does not conflict, but organically improves the analytical one. In other words, analytical approach is enhanced with the
newest technological achievements of digital era. As an example of a practical use of the proposed approach a model
for uncertainty reduction in construction projects decision-making was developed. The model is based on standard
simulation modeling techniques and Monte Carlo simulations; the process of its building is presented in previous papers
[10]. As a result of the model run, a user obtains statistically justified probabilities of particular results, that is, decisionmaking under uncertainty is reduced to decision-making under risk (figure 3). Notably, this transformation is more
realistic in comparison with widely used Laplace criterion.
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Figure 3. Probability distribution
(Source: compiled by the authors)

The presented management model is based on active collection and use of the available information. It includes
certain advantages of big data, data-mining and some other tools of BI, while staying focused on the human factor as
the core of any company.

7 Conclusion
Synthesis of the researched aspects results into a coherent well-rounded management (decision-making) digitalized
approach accommodating business needs in the volatile environment, which could be effectively implemented through
simulation under uncertainty and risk.
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The contribution into the existing knowledge includes substantiating the correlation of the terms of the digitalization
and simulation modeling tools in high-risk projects management under insufficient statistical data and their mutual
interaction. The paper articulates the term “digital decision-making” meaning management approach that logically
combines Business Intelligence (data-driven) approach and the social and psychological needs and features of
personnel. That becomes possible with the newest technological achievements in the fields of big data and data-mining.
Data warehouse was justified as the key infrastructural foundation for digitalization at the micro-level providing the
management with broad opportunities for simulation modelling under uncertainty and lack of data.
Appropriate methods of providing information support for digital decision-making are determined. Application of
simulation as fundamental toolkit in digital decision-making underlines the idea that digital approach does not conflict,
but organically improves the analytical one. In other words, analytical approach is enhanced with the newest
technological achievements of digital era. The approbation demonstrated practical significance and economic
effectiveness of the developed approach; experiment was carried out on the base of «RSU – 6» LLC’s projects,
Tchaikovsky, Perm region.
As a possible future development of the article’s ideas testing of digital decision-making in high-risk projects of
other industries. Another aspect of future research is further development of system digital decision-making
methodology under uncertainty and risk.
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