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Abstract: Construction activity with a huge variety of structures, forms and conditions underlying
the implementation of construction projects, require special management approach. Decisions are
most often made at the planning and preparation stage of a construction project. The literature on the
subject includes descriptions of decision support methods and models, including single-criteria and
multi-criteria models, operations research and fuzzy models. Different models can be used in different
situations. The article contains an analysis of model approaches proposed in the literature, confronted
with decision-making processes in engineering practice. The study covered 34 construction projects
and 15 companies operating in the construction industry. Several decision situations have been
considered. The research carried out in accordance with the seven-stage research process has shown
that although the various methods proposed in the cited sources can be used in the implementation
of engineering projects, they require modification to suit the specificity of engineering practice. The
results of the research are the decision support models proposed by the authors, adapted to the
conditions in which construction projects are implemented. In the case of small and relatively simple
construction projects, simplified models are usually used, where the use of the last steps of verifying
the results and improving the applied model is limited. Large and more complex construction projects
were often accompanied by a decision support system consisting of more stages, and in these cases, it
turned out to be important to obtain feedback and to refine the decision model accordingly. Research
has shown that in large projects it is important to obtain feedback. This is due to, inter alia, from
the fact that the implementation of these projects involves much greater financial resources than in
small and medium-sized projects. Decision-makers take much more care to verify the correctness of
the model, because the effects of wrongly made decisions can be much more severe than in the case
of small and medium-sized enterprises. If it is necessary to make strategic decisions related to the
future of a given company, attention was paid to models in which the starting point was to clearly
define the goal and collect a complete set of information about the decision-making environment.
Various analytical and research methods were used, but feedback was always needed to improve
the final solution. The observations obtained during the research helped the authors to develop
decision support models dedicated to engineering practice that may be useful in the implementation
of construction projects.

Keywords: decision-making process; decision modelling in construction activities; decisions in
civil engineering

1. Introduction

There are many decision support systems used in business activities, but the very process
of making a decision consists of a few stages. The literature provides information about
various approach methods and models, which differ in the process of data collection and
preparation, the stage of analysing the problem, or the final stage associated with the actual
making of a decision [1,2]. There are models including three, eight or even as many as
11 steps in a decision-making process. Different approaches are used depending on the type
of business, the decision being made, and the circumstances surrounding the decision. A
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decision-making process made in the well-recognised context, with a large amount of data,
will look differently from one occurring in an uncertain situation. Different forms of business
activities are characterised by different degrees of complexity of the executed processes, and
decisions made under different conditions may affect different situations [3–5].

Construction activities are related to the implementation of various facilities and
construction works. When we speak of the construction industry, we mean, on the one
hand, the implementation of construction projects and, on the other hand, the functioning of
enterprises and institutions involved in their implementation. The construction activity has
some specific features. First of all, the vast majority of production is carried out outdoors
and many contractors participate in the execution of works. The construction object is
large compared to the products of other sectors of the economy, requires large investments
and the benefits are deferred in time. Objects are implemented according to individual
projects, in unique conditions with the participation of many industries. The large variety
of civil structures also deserves attention. Starting from single and multi-family residential
buildings, through public utility buildings for various purposes, to infrastructure structures
such as roads, bridges, transmission lines and water structures. The construction process
consists of several stages. At each of them, there are various participants in the involvement
in the creation of the civil structures. Decisions on the works undertaken are mostly made
in the planning and design phase under conditions of uncertainty with limited amounts
of data. In many situations, we have to assess possible solutions and choose the variant
that best meets the expectations related to the future construction (e.g., location, design
concepts, material and technological solutions, preparation of tender offers, etc.) [6–8].

Due to the complexity of situations in which decisions in construction activity are
made, the decision-making process can be supported with mathematical methods, systems
and models, which allow the user to impose some order over the process and facilitate the
achievement of the aim, which is to arrive at a decision [9,10].

As it is difficult to find methods and approaches dedicated to construction activities in
the literature, the authors of this article attempted to examine the decision-making processes
in 34 implemented projects and 15 construction companies. As a result of the research, the
models used in construction activities were specified in the original, proprietary approach.
Research methods were used based on the analysis of source materials, questionnaire
research, interviews and in-depth interviews

The article in Section 2 presents a literature review taking into account the issues of
decision-making in engineering activities, various decision models are presented, and the
review is summarized in tables. Section 3 presents the methodology, details and results of
the research. The next Section 4 contains a discussion of the results, and Section 5 presents
a summary and conclusions.

2. Decisions—A Review of the Literature

A decision means selecting one of the available options [11]. If there are no options,
there is no decision to make either. There are several methods which can lead to choosing
the right solution to a problem. An example is a quantitative decision-making technique. Its
underlying principle is to rely exclusively on data, which are analysed in order to generate
facts. If the number of facts that justify taking a given action outweigh facts supporting
other possible solutions, it becomes the decisive factor. However, this perception of a
decision-making process excludes any subjective evaluation, intuition, premonition or
bias, while forcing one to present the justification of their decision, which entails the
demonstration of all underlying presumptions, restrictions or limitations [9].

A different situation emerges when a problem is being described with qualitative
parameters. Qualitative methods apply to cases composed of hardly measurable phenom-
ena, which are compared via descriptive analysis of different parameters. Assessment
scales adopted in this approach often raise doubts, and their application needs to adhere to
detailed guidelines.
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It is advisable to follow previously defined principles while making decisions. The
absence of such guidelines may cause chaos and eventually lead to an erroneous perception
of the problem and incorrect solution. Decisions are always subject to certain limitations,
due to preceding events. The main criteria, which can be evident or hidden, can be grouped
as a set of aims, a system of priorities, a course of alternative measures, consequences of
each alternative solution, and a system of selection criteria [12].

2.1. Decisions and Their Structure

A decision problem is defined through decision variants and assessment criteria.
According to literature sources [13,14] decision problems can be divided into problems
with single-layer, hierarchical and fuzzy structures. A decision system is often a single-layer
system with a closed decision problem [14,15]. Figure 1 illustrates a model of the first-type
structure. Di are decision areas, dij are elementary decisions in particular areas, where
i = {1, 2, . . . , n} and j = {1, 2, . . . , m}. Final decisions eliminate one another within the same
decision area.
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Figure 1. Model of a flat structure decision process.

In most cases, this structure does not reflect a decision situation because decisions
are taken in many areas, which means there are mutual relationships between decision
problems Di. In many situations, these relationships may contribute to the quality of
the final solution [16–19] Dependences between elementary decisions are depicted by a
hierarchical structure of a decision problem, in which no sooner that all decision criteria of
the lower-level Knm have been considered and solved can higher-level decisions be made
and the final choice of decision variant Vi made (Figure 2).

The third group of decision-making situations consists of fuzzy models, where prob-
lems are shown as dependent on links and relations between different-level decision
makers [20,21]. The mentioned relations include cooperation, coordination, or compe-
tition. Such relations differ in terms of information transmitted between the system’s
constituents, and with respect to set boundaries of effects produced by particular decision
criteria. Cooperation necessitates sharing information, while competition is associated with
information non-linearity and disproportions [22,23]. The shared characteristic for both
forms of relations is non-linearity and non-continuity of decision processes (Figure 3).
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Figure 3. Model of a fuzzy decision process.

2.2. A Decision Process

Business enterprises operate in an increasingly difficult environment, as the competi-
tion intensifies and markets are being made devoid of rules or principles. Big corporations
more and more often dictate conditions in which businesses are run, both locally and glob-
ally. This tendency appears in all sectors, including the civil engineering segment [24,25]. A
decision-making process is undergoing significant changes due to progressing globalisation.
At all stages illustrated schematically in Figure 4, it is recommended to refer continually
to the ever changing nearer and further environment. Increasingly often, the cutting edge
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information technologies, seen as tools of globalisation, are a source of information and
datasets supporting the process of arriving at a decision [26–28]. Making a decision is a
process that encompasses such activities as expressing the need for a decision, collecting
and processing data to support the decision, measuring the outcomes and finally evaluating
the execution of the chosen option and the extent to which it has satisfied the assessment
criteria established at the onset of the process (Figure 4).
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The factors that polarise conditions under which decisions are made include: decou-
pling of global demand from the purchasing power of local markets, narrowing of the
investment horizon as a consequence of competitive struggle, and enterprises becoming
more market-driven [23,29,30]. All these circumstances cause growing uncertainty, evoked
by difficulty in predicting market changes and, on the other hand, by greater propensity
to face investment risk in order to earn profit. In a situation where global competition is
experienced, there is a tendency towards making uncontrollable decisions as well as taking
steps that lead to changes in relationships between market participants. It is more and
more common to observe that negative consequences of erroneous decisions are shifted
over contractors and subcontractors of development projects [23,29,30].

In every process of making a decision there are decision makers, a set of feasible
solutions, a set of environmental components [31], the function of the usefulness of a
solution [32] and uncertainty with respect to conditions in which actions will be pursued [4].
A decision maker is a person who is responsible for the consequences of the solution
eventually accepted. A set of feasible solutions should not violate certain limits and ought
to be doable. This set must not be empty and needs to contain at least two elements. The
set of environmental components describes the conditions in which the decision-making
process occurs, and which either directly or indirectly affect the decisions that are made [22].

The objective function is a way to assign numerical values to the values of a solution
being searched for. If usefulness can be described numerically, attaining high accuracy,
this is a suitable criterion for making a decision. By assigning certain contractual values to
decisions, we reduce the decision-making process to a situation where the option with the
highest usefulness is chosen. If a decision maker is unable to evaluate the probability of the
occurrence of particular events, the external environment is said to be uncertain.
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2.3. Models of a Decision-Making Process

The approaches used in a decision-making process depend on the type of a problem.
The most popular methods are: linear programming, dynamic programming, integer
programming, the Bayes’ decision theorem, game theory, and probability theory. These
methods belong to the quantitative research domain. As events are described through
sets of norms, principles and algorithms, the above methods are classified as prescriptive
models. However, prescriptive models may not always offer satisfying solutions. Due to
some subjective circumstances, such as qualifications and skills of decision makers, as well
as objective ones, arising from external and internal conditions, prescriptive models do not
always work well. In certain situations, descriptive models (describing and explaining the
situation) are more useful. An analysis is then conducted starting from single cases up to
generalised conclusions.

Depending on an analysed situation, different decision support models are applied.
The subsequent part of this article will present issues connected with the application of
prescriptive models. The models are described in literature (Table 1).

Table 1. Models of a decision-making process—literature review.

No. Subject Authors Publications, Titles

1.
Monocriterial Models
(Monolayer)

Bolesta-Kukułka K. [33] Managerial decisions in management theory and practice (pl). Scientific Publishers of
the Faculty of Management at the University of Warsaw (2000).

Berredo, R. C., Cruz, E. C., Ekel, P. Y.,
Junges, M. F. D., Contijo, M. M.,
Pereira Jr, J. G., and Popov, V. A. [34]

Monocriteria and multicriteria optimization of network configuration in distribution
systems. WSEAS Int. Conference on Power Engineering Systems (2005).

Kasharin, D. V. [35] Intelligent decision support systems in the design of mobile micro hydropower
plants and their engineering protection. In Proceedings of the First International
Scientific Conference “Intelligent Information Technologies for Industry” (IITI’16)
Springer, Cham, (2016).

2. Multi-criterial Models
Opricovic, S., and Tzeng, G. H. [36] Defuzzification within a multicriteria decision model. International Journal of

Uncertainty, Fuzziness and Knowledge-Based Systems, (2003).

Barker, T. J., and Zabinsky, Z. B. [37] A multicriteria decision making model for reverse logistics using analytical hierarchy
process. Omega, (2011).

Cheng, M. Y., Hsiang, C. C., Tsai, H.
C., and Do, H. L. [38]

Bidding decision making for construction company using a multi-criteria prospect
model. Journal of Civil Engineering and Management, (2011).

3. Sutherland’s Model

Sutherland, J. W. [39] Administrative decision-making: Extending the bounds of rationality. New York:
Van Nostrand Reinhold (1977).

Guerry, A. D., Ruckelshaus, M. H.,
Arkema, K. K., Bernhardt, J. R.,
Guannel, G., Kim, C. K.,
and Wood, S. A. [29]

Modeling benefits from nature: using ecosystem services to inform coastal and
marine spatial planning. International Journal of Biodiversity Science, Ecosystem
Services and Management, (2012).

Chatterjee, P., Banerjee, A., Mondal, S.,
Boral, S., and Chakraborty, S. [40]

Development of a hybrid meta-model for material selection using design of
experiments and EDAS method. Engineering Transactions, (2018).

Hutchins, M. J., and
Sutherland, J. W. [41]

An exploration of measures of social sustainability and their application to supply
chain decisions. Journal of cleaner production, (2008).

4. Holt’s Model
Clithero, J. A. [42] Improving out-of-sample predictions using response times and a model of the

decision process. Journal of Economic Behavior and Organization, (2018).

Karimi, S., Papamichail, K. N., and
Holland, C. P. [43]

The effect of prior knowledge and decision-making style on the online purchase
decision-making process: A typology of consumer shopping behavior. Decision
Support Systems, (2015).

Zhang, X., Wu, Y., Shen, L., and
Skitmore, M. [44]

A prototype system dynamic model for assessing the sustainability of construction
projects. International Journal of Project Management, (2014).

5 Operational Research
Model

Tamošaitiene, J., Bartkiene, L., and
Vilutiene, T. [30]

The new development trend of operational research in civil engineering and
sustainable development as a result of collaboration between
German-Lithuanian-Polish scientific triangle. Journal of Business Economics and
Management, (2010).

Turskis, Z., Gajzler, M.,
and Dziadosz, A. [45]

Reliability, risk management, and contingency of construction processes and projects.
Journal of Civil Engineering and Management, (2012).

Vukomanovic, M., and
Radujkovic, M. [46]

The balanced scorecard and EFQM working together in a performance management
framework in construction industry. Journal of Civil Engineering and Management,
(2013).
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Table 1. Cont.

No. Subject Authors Publications, Titles

6. Cybernetic Model
Bozeman, D. P., and
Kacmar, K. M. [47]

A cybernetic model of impression management processes in organizations.
Organizational behavior and human decision processes, (1997).

Cheng, M. Y., and Roy, A. F. [28] Evolutionary fuzzy decision model for construction management using support
vector machine. Expert Systems with Applications, (2010).

Mohammadi, F., Sadi, M. K., Nateghi,
F., Abdullah, A., and Skitmore, M. [48]

A hybrid quality function deployment and cybernetic analytic network process
model for project manager selection. Journal of Civil Engineering and Management,
(2014).

7. Fuzzy Data Model
Adeli, H. [49] Neural networks in civil engineering. Civil and Infrastructure Engineering, (2001).

Kazimieras Zavadskas, E.,
Antucheviciene, J., Adeli, H., and
Turskis, Z. [50]

Hybrid multiple criteria decision making methods: A review of applications in
engineering. Scientia Iranica, (2016).

Antucheviciene, J., Kala, Z., Marzouk,
M., and Vaidogas, E. R. [51]

Solving civil engineering problems by means of fuzzy and stochastic MCDM
methods: current state and future research. Mathematical Problems in Engineering,
(2015).

The authors who present decision models suggest different procedures, referred in
the literature as decision models. Table 2 presents models that are used in the broadly
understood engineering activity and in scientific research related to this field.

Table 2. Models of decision-making processes.

I. Single-Criterion Models: II. Multiple-Criteria Models:

1. Discovering the difficulty.
2. Identifying the problem.
3. Determining the criterion applied to evaluate problem solution variants.
4. Setting a list of solutions.
5. Describing effects of the implementation of each solution.
6. Selecting the best solution.
7. Implementing the decision.

1. Identifying the problem.
2. Identifying decision criteria.
3. Assigning weights to criteria.
4. Elaborating alternative solutions.
5. Evaluating alternative solutions.
6. Selecting the best solution.
7. Implementing the chosen solution.
8. Evaluating the efficiency of the decision implemented.

III. Sutherland’s model: IV. Holt’s model:

1. The need to make a decision (goal).
2. Primary information (opinions, theories).
3. Empirical studies.
4. Building a model.
5. Generating solutions.
6. Selecting criteria for evaluation.
7. Evaluation of variants.
8. Selection of the solution.
9. Making a decision.
10. Implementation.
11. Feedback to correct the model.

1. Identification of the problem.
2. Analysis of the context.
3. Definition of the problem.
4. Elaboration of solutions.
5. Evaluation of variant solutions.
6. Selection of a solution.
7. Implementation.
8. Evaluation of effects.

V. Model based on operational studies: VI. Cybernetic decision model:

1. Building a model (describing the situation with the mathematical
language).

2. Solving the problem presented in the form of a mathematical model.
3. Verification of the model—possible corrections.
4. Monitoring—feedback and correction of the decision made.

1. Input—primary, raw information.
2. Transformation—a decision-making process.
3. Output—secondary information in the form of a decision.

VII. Fuzzy data model:

1. Data collection stage-input signals
2. The fuzzification stage
3. The stage of fuzzy inference

1. The stage of defuzzification
2. Making a decision

The Table 2 shows two major groups of models—one where the process begins by
identifying the problem, and the other where the procedure is based on building a decision
model. The first group includes methods which take advantage of single-criterion and
multiple-criteria approaches whose aim is to make an assessment of several variants or
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alternative solutions. In these models, the assessment leads to the identification of the best
solution, its implementation and possibly the evaluation of the effects attained.

The second group consists of methods based on building a mathematical model, which
through the mathematical language presents the decision situations described previously.
These methods require the user to prepare primary information, to identify the goal and
the measure that will be applied to determine to what degree this aim is reached. The final
stage provides feedback that enables the user to correct the model or decision if necessary.

The models presented in the table differ from one another in both the approach to
the problem being solved and the subsequent procedures, but in each case the completed
procedure leads to the solution of a problem. Different approaches may apply to different
decision situations, in different fields of business activity.

An analysis of the literature related to decision making and research carried out
in construction companies and during erection of civil structures revealed the lack of
decision models adapted to the specificity of construction activities. The article undertakes
research on source materials in order to find an answer to the question of how the decision-
making processes in construction look similar to in practice, what stages they consist of and
whether they fit into the models described in the literature, and as a result of the research,
models of decision-making processes taking into account the specificity of this industry
were proposed.

The purpose of this article is to develop a decision support model dedicated to the
construction activity.

3. Research Methodology, Course and Results
3.1. Research Methods

Developers, investors and construction companies were questioned about decision-
making issues in order to identify decision problems which appear in construction activity.
From among all companies based in north-eastern Poland, those that have been involved
in the construction of facilities representing very diverse types of engineering structures
over the last five years have been selected. The preliminary selection was accomplished on
the basis of information obtained in offices of district and provincial authorities, including
issued building permits.

The first part of the interview concerned determining who and when made decisions.
Groups of decision-makers related to the projects were established, and then at which
stage these decisions were made (preparation and planning stage, design stage, execution
and completion stage). The frequency of making decisions in subsequent stages and in
specific decision groups was also examined. The main problem that has been studied is the
way of making decisions including preparation stages (e.g., problem identification, context
analysis, collecting output data), creating a decision model, defining criteria or sending
feedback to correct the assumptions underlying the decision.

The subsequent stage in the research consisted of contacting the selected respondents
and having preliminary interviews in order to find out who and how made decisions
regarding the ongoing development projects. The character, type and frequency of decisions
made were also investigated. These preliminary interviews allowed us to distinguish a
group of 34 civil structures under construction. This research stage employed the following
methods: an analysis of information sources, probes, surveys, and in-depth interviews. The
study covered the years 2015–2019.

The analysed objects were divided into small, medium and large construction projects.
The classification of construction objects to these groups takes into account the nature of
the object and looks different for road, bridge and environmental protection structures.
On the one hand, the size and complexity of the facility is evidenced by the number
of subcontractors and, as a rule, there are about 5–6 of them for small facilities, about
10–12 medium ones and more than 14. However, due to the nature of the facilities and the
degree of compilation, there are deviations. The value and volume of works was assessed
based on the opinions of contractors and investors. In order to obtain their opinion, a
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list of parameters determining the classification of the construction to a specific group
was prepared. These are, among others the size and complexity of the structure and
related construction works, the size of the construction site, including the number and
size of auxiliary factories, the distances between important points on the construction
site, the complexity of the processes carried out during the construction of facilities. Most
of the components of the analysis are immeasurable phenomena, therefore the linguistic
and descriptive assessment methods were used, which, based on the description of the
phenomenon, allow them to be assessed on the adopted 5-point scale. The scores were
summed up and assigned to one of the three size groups for the final grade.

The research, the purpose of which was to develop decision models tailored to the
specificity of construction activities, was carried out in 7 stages, including previously
planned activities. The diagram of the research process presenting the research methodol-
ogy is presented in Figure 5.
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3.2. The Course of the Research

The research has shed light on what problems are most often solved in a systematic
manner. First and foremost, these are analyses of variant locations of different development
projects. In such cases, decision makers most often use methods based on a multiple-criteria
analysis, although the number of steps included may differ slightly, largely depending on
the size and complexity of a construction project. Another example of a situation where
alternative solutions need to be analysed and selected is a tender, in which the bids are
assessed according to previously determined parameters. In a few cases, an analysis of
several variants was applied to building material and construction solutions.

Detailed data collected during the study and pertaining to decisions made with respect
to possible variants of erection of civil structures are presented in Table 3.
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Table 3. Specification of the information gathered about decision models applied to select variants
(Erection of civil structures).

No. Type of
Investment
(Object Function)

Quantity No. Object Size *
(S-Small,
M-Medium,
L-Large)

Number of
Sub-
Contractors

Applied Variant
Assessment
Model

Number of
Stages

1 Road objects 15

1.1. S 5 II 7

1.2. S 6 II 8

1.3. L 12 IV 9

1.4. L 15 III 10

1.5. M 10 II 7

1.6. M 12 II 9

1.7. M 10 II 9

1.8. M 16 II 8

1.9. L 20 IV 9

1.10. M 11 IV 8

1.11. M 12 II 8

1.12. L 16 III 10

1.13. S 6 II 7

1.14. M 10 II 9

1.15. M 14 II 9

2 Bridge structures 5

2.1. S 5 II 7

2.2. S 5 I 7

2.3. L 8 III 10

2.4. S 4 II 7

2.5 S 6 II 7

3
Facilities related to
environmental
protection

7

3.1. M 10 II 8

3.2. M 12 IV 8

3.3. S 8 II 8

3.4. S 7 II 8

3.5. M 10 II 9

3.6. L 12 III 10

3.7. S 5 II 7

4 Sports facilities 1 4.1. M 21 II 8

5 School buildings 3

5.1. S 8 II 7

5.2. M 10 II 9

5.3. S 9 II 8

6 Healthcare 1 6.1 S 14 II 8

7 Housing estates 2
7.1. M 12 II 8

7.2. S 8 II 8

* dimension was assessed considering the size of a civil structure, the whole construction site, the value of the
investment, and the size of the workforce.

Among the analysed civil structures and decision situations connected with their
execution, over 40% were road construction projects. Such a large proportion of new
roads is the result of the rapidly growing road construction sector stimulated by the EU
funds. The second most numerous type of civil engineering projects was the construction
of environmental protection facilities. Same as roads, they were mostly built with the
contribution of EU funds. Bridges as civil engineering constructions associated with road
construction made up 15% of the analysed projects. Each of the remaining types of civil
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structures corresponded to less than 10% of the total. As many as 4 out of 6 large civil
structures represented road structures. Participation in the study each type of objects is
presented in the diagram in Figure 6, and the percentage share of various venture in the
group of large objects chart in Figure 7.
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The research comprised 6 construction projects classified as large or as highly complex
ones. There was the same number of medium-sized and small civil structures (14 civil
structures). The percentage of these projects in the total analysed number is illustrated in
Figure 8.

The focus in our study was on decision-making processes which occurred during the
execution of the analysed construction projects. A review of the documents made available
by the companies supplied a wealth of information about these processes. The models used
by the decision makers engaged in the analysed cases most often belonged to model II, i.e.,
more or less advanced methods of multi-criteria analysis. As many as 25 out of 35 analysed
cases took advantage of this model. Some other details regarding the applied models are
shown schematically in Figure 8.
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From Figure 9, it is clear that Model 5 was not used in any of the analysed cases of
construction projects implementation. It is a model based on more advanced mathematical
methods and there is no tradition of using these models by the engineering community.
Model 5 has found wide application in enterprises when making decisions related to
business strategies. This is due to, inter alia, of the fact that construction companies usually
employ people with professional training (marketing and management, economics) that
allows them to apply operational research in management-related departments. There
is a rather shortage of such people when carrying out the works. Models 6 and 7 were
not used in both the implementation of projects and business decisions. These methods
require much more advanced research tools and are rather used in scientific research on
construction activities and not in engineering practice.

Appl. Sci. 2022, 11, x FOR PEER REVIEW 13 of 24 
 

 
Figure 8. Percentage share of small, medium and large civil structures in research. 

The focus in our study was on decision-making processes which occurred during the 
execution of the analysed construction projects. A review of the documents made availa-
ble by the companies supplied a wealth of information about these processes. The models 
used by the decision makers engaged in the analysed cases most often belonged to model 
II, i.e., more or less advanced methods of multi-criteria analysis. As many as 25 out of 35 
analysed cases took advantage of this model. Some other details regarding the applied 
models are shown schematically in Figure 8. 

From Figure 9, it is clear that Model 5 was not used in any of the analysed cases of 
construction projects implementation. It is a model based on more advanced mathemati-
cal methods and there is no tradition of using these models by the engineering commu-
nity. Model 5 has found wide application in enterprises when making decisions related to 
business strategies. This is due to, inter alia, of the fact that construction companies usu-
ally employ people with professional training (marketing and management, economics) 
that allows them to apply operational research in management-related departments. 
There is a rather shortage of such people when carrying out the works. Models 6 and 7 
were not used in both the implementation of projects and business decisions. These meth-
ods require much more advanced research tools and are rather used in scientific research 
on construction activities and not in engineering practice. 

 
Figure 9. The percentage of different decision-making models used in the studied projects. Figure 9. The percentage of different decision-making models used in the studied projects.

Another case associated with making a decision which drew our attention was a
change in the profile of operations performed by a given company and the scope of its
activities. Such decisions belong to strategic ones, and they are made on the basis of large
databases and raw information. A number of building companies operating in the north-
eastern part of Poland were analysed in our study. It was found that the construction sector
was doing quite well, especially in comparison with other sectors of the economy and
despite some symptoms heralding a crisis. Most of the analysed companies did not feel the
urge to change the profile of their business activity. Only 15 declared they needed to make
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amends or widen the scope of operations. Decisions to make such changes were preceded
by analyses of the market, area of operations or position of competitors. When making
such decisions, it was common to run simulation studies based on analyses of preferences
of clients, investors and relative branches of economy. In some cases, an analysis of variant
solutions was performed according to the method of multi-criteria analysis. Detailed
findings in this regard are presented in Table 4.

Table 4. Specification of the information on strategic decisions (concerning a change in the profile
and scope of business).

Company No. Type of Planned
Change

A Kind of Pre-Analysis Have Options
Been Developed?

Used Model Has the Model
Been Verified?

1 Change of business
profile

Market research yes III yes

2 Change of business
profile

Market research and
customer preferences

no V yes

3 Offer extension Study of customer
preferences

no V yes

4 Extension of the
operating area

Customer needs and
labour market research

no III yes

5 Change of business
profile

Needs and production
technology research

yes II no

6 Offer extension Study of customer
preferences

no V no

7 Offer extension Market research yes IV no

8 Extension of the
operating area

Study of customer
preferences

no V yes

9 Extension of the
operating area

Study of customer
preferences

no III yes

10 Change of business
profile

Market research and
customer preferences

yes II no

11 Offer extension Market research and
customer preferences

no V yes

12 Extension of the
operating area

Customer needs and
labour market research

no V yes

13 Offer extension Market research no III yes

14 Change of business
profile

Market research yes II no

15 Change of business
profile

Market research yes III no

Decision problems in the companies submitted to our study also pertained to such
situations as a change in the profile of business, a change or broadening of the scope and
area of business activities. The number of such situations was quite evenly distributed
among the types of companies. Details can be seen in Figure 10.

Within this research group, it is possible to notice a much higher frequency of models
V—operations studies, and III—Sutherland’s model. Both models comprise extended
final stages where some feedback is expected in order to improve the developed model.
When dealing with strategic decisions, the interviewed decision makers attached much
importance to this component of an analysis.
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3.3. Mathematical Methods Used to Support the Analysed Decision-Making Processes

This study also comprised an analysis of the methods for evaluation of variant de-
cisions, applied in all the models. Building investments and civil structures have own
specific characteristics, and therefore not all the available methods can be applied in prac-
tice. The most important feature expected from decision-support methods employed in the
construction business is their capacity for including a large number of criteria of various
character. At the stage when variant solutions are compared, it is unnecessary to use
a binary assessment; what is actually needed is to determine the degree to which each
variant solution satisfies a given parameter. Another essential requirement is to be able to
develop descriptive assessment scales that will be readable and easy to use. To use variant
evaluation methods in practice, it is also important to have a relatively simple mathematical
apparatus and to present the results clearly. Thus, in the construction activity, a certain
group of methods tends to prevail. An analysis of an investment for which an evaluation
of alternative solutions has been made shows that these are mostly methods where scores
are assigned to assessed variants. The formula for calculating an aggregated assessment of
variant ‘i’ is as follows (1):

Fi = ∑n
j=1 cij (1)

where:

cij—the assessment of a variant expressed in points scored for criterion cj by variant vi,
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Fi—total aggregated assessment of variant vi, (i = 1, 2, . . . , m).

Another equally popular approach is to make an evaluation of solutions that takes into
account the varied importance of criteria. This method is sometimes called the weight-score
method or the weighted sum method. Here, every criterion is assigned a weight, which
facilitates a more effective evaluation of the variants, which takes into account the specific
character of the project submitted to evaluation. The sum of weights should always equal
1.0. The problem can be written as (2):

Fi = ∑n
j=1 wj cij (2)

where:

cij—the assessment expressed in points scored for criterion cj by variant vi,
wj—weights.

The following formulas can be used when aggregating mid-term evaluations in
scalar methods:

• arithmetic mean (3):

Fi =
1
n ∑n

j=1 cij (3)

• arithmetic weighted mean (4):

Fi =
1
n∑n

j=1 wjcij (4)

• sum of arithmetic weighted mean (5):

Fi =
∑n

j=1 wjcij

∑n
j−1 wj

(5)

Yet another popular method, admittedly more mathematically advanced, is the An-
alytic Hierarchy Process (AHP) approach, created in the 1980s by T. Saaty. The method
owes its popularity to the fact that it approaches the problem of making an assessment by
ordering criteria and arranging them in groups of main criteria, after which hierarchical
evaluation is performed, which leads to the determination of vectors of the main criteria
and subordinate criteria. The mathematical formula relies of a pairwise comparison matrix
and proceeds according to the following template:

1. Calculation of the value of a normalized matrix (6):

wij =
aij

∑n
i=1 aij

(6)

2. Determination of the value of the vector of sub-priorities (7):

wj =
n

∑
j=1

wjaij (7)

where (8):

wj =
∑n

i=1 wij

n
(8)

In order to verify whether the above-mentioned procedures has been correct,
we determine:

• The matrix’s own maximum value (9):

λ
1
wi

∑n
i=1 aijwjmax (9)
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• Value of the consistency index (10):

C.I. =
λmax

n − 1
(10)

• Consistency ratio (11):

C.R. =
C.I.
R.I.

(11)

where:

the C.R. should reach a value < 10%
R.I.—random index, the value of which depends on the “n” number of compared
components [19,22].

In addition to selecting and evaluating variant solutions, linear programming methods
leading to the optimization of operations are employed in the management of enterprises
in the construction activity. A mathematical model of a linear programming problem (12):

f (x1, . . . xn) = ∑n
j=1 cj xj max (12)

with limitation (13):
∑n

j=1 ∑m
i=1 aijxj ≤ bj (13)

(i = 1, . . . , m)
(j = 1, . . . , n)
xj ≥ 0

An example of the use of one of the methods is presented below. The example men-
tioned earlier involves the process of making a decision about the location of a production
facility in a situation where four variants were available. Six groups of main criteria
were used to evaluate each of them, and in each group from three to six factors. In to-
tal, the degree of fulfilment of 21 factors was assessed. The evaluation was carried out
with the most frequently used weight-score method. Details of the analysis are presented
in Tables 5 and 6.

Table 5. List of weights values obtained for the main and sub-criteria.

Criteria Sub-Criteria Weights for Main Criteria Weights for Sub-Criteria Final Weights

A

A1

0.20

0.18 0.0360
A2 0.18 0.0360
A3 0.22 0.0440
A4 0.16 0.0320
A5 0.06 0.0120
A6 0.20 0.0400

B
B1

0.10
0.11 0.0110

B2 0.55 0.0550
B3 0.34 0.0340

C
C1

0.25
0.45 0.1125

C2 0.22 0.0550
C3 0.33 0.0825

D
D1

0.15
0.11 0.0165

D2 0.65 0.0975
D3 0.24 0.0360

E
E1

0.20
0.66 0.1320

E2 0.17 0.0340
E3 0.17 0.0340

F
F1

0.10
0.56 0.0560

F2 0.22 0.0220
F3 0.22 0.0220
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Table 6. List of the results of the variant assessment using the weight-score method.

Criteria Sub-Criteria Final Weights L1 L2 L3 L4 L5

A

A1 0.036 0.072 0.072 0.036 0.108 0.036
A2 0.036 0.000 0.108 0.036 0.108 0.036
A3 0.044 0.088 0.088 0.044 0.132 0.132
A4 0.032 0.096 0.064 0.032 0.096 0.096
A5 0.012 0.036 0.024 0.024 0.024 0.012
A6 0.040 0.040 0.080 0.080 0.080 0.080

Total 0.200 2.200 2.600 1.600 3.200 2.200

B

B1 0.011 0.033 0.011 0.022 0.033 0.033
B2 0.055 0.165 0.165 0.165 0.165 0.165
B3 0.034 0.068 0.068 0.000 0.102 0.068

Total 0.100 0.800 0.600 0.500 0.900 0.800

C

C1 0.113 0.225 0.225 0.225 0.338 0.338
C2 0.055 0.165 0.110 0.165 0.165 0.165
C3 0.083 0.165 0.248 0.165 0.248 0.248

Total 0.250 1.750 1.750 1.750 2.250 2.250

D

D1 0.017 0.050 0.017 0.033 0.033 0.017
D2 0.098 0.195 0.195 0.098 0.293 0.195
D3 0.036 0.072 0.072 0.072 0.000 0.108

Total 0.150 1.050 0.750 0.750 0.750 0.900

E

E1 0.132 0.132 0.396 0.264 0.396 0.132
E2 0.034 0.034 0.034 0.068 0.102 0.034
E3 0.034 0.034 0.068 0.068 0.102 0.034

Total 0.200 0.600 1.200 1.200 1.800 0.600

F

F1 0.056 0.056 0.112 0.056 0.112 0.112
F2 0.022 0.044 0.044 0.044 0.066 0.066
F3 0.022 0.066 0.044 0.022 0.066 0.022

Total 0.100 0.600 0.600 0.400 0.800 0.600

Sum 7.000 7.500 6.200 9.700 7.350

The results of the calculations after summing up indicate the best-ranked solution.

4. Discussion of the Obtained Results

The research results concerning decisions about which variant solution to choose
(Table 3) show that such decision-making situations are evidently dominated by the multi-
criteria decision support methods (model II), and this model is particularly preferred in
cases of construction projects classified as small and medium-sized ones. This is mostly
connected with the character of decisions and specific situations generating numerous
assessment criteria. In 25 of the analysed cases, one of the multi-criteria analytical methods
was employed. Meanwhile, it could be noticed that the structure of models applied was
diverse—the observations show that the eight-step decision support scheme recommended
in the literature was employed in 11 cases, while in 8 cases the process was shorter by
one stage, hence only seven steps were followed, in contrast to 6 other cases, where
the procedure was extended by one stage. The application of the eight-step procedure
appeared in construction projects classified as small and medium-sized, while longer
procedures appeared in medium-sized projects. Further investigations revealed that the
shortening of the procedure in small construction projects affected the final stage. Decision
makers skipped the stage of evaluating the effectiveness of the decision they made. They
concluded that it was unnecessary in the case of less complicated construction projects.
The lengthening of the process in medium-sized construction projects differed in character.
In two cases (road construction), the procedure required one more final stage to be added,
such as transmitting the feedback in order to correct the decision model adopted at the
beginning. In other cases, the stage of input information preparation, intended to help
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recognise difficulties in executing a given construction project, was expanded to enable
identification of problems.

Model III—the Sutherland’s model, was applied on four occasions in construction
projects classified as large ones. In all the cases, it was reduced to ten steps, and the
description of the performed analyses explained that the collection of information and data
was combined with empirical research into a single stage (stages 2 and 3).

Model IV—the Holt’s model, very close to a multi-criteria model, appeared on 4 occa-
sions. In a form lengthened by adding an additional stage it was used in large construction
projects, whereas in the form recommended in the literature, i.e., composed of 8 stages, it
was employed in medium-sized civil structures. The lengthening of the process consisted
of a stage of obtaining feedback in order to correct the process in the case of large and
complicated construction projects.

Model I proved to be far less useful in a decision-making process in construction
projects, as it only appeared in one case. A decision supported by a single-criterion model
does not allow the user to analyse complicated construction processes.

Table 4 contains the information about the decision-making processes concerning
development strategies of construction companies. It shows that other decision support
models were applied in this case. Six cases of using model V, 5 cases of using model III,
3 cases of using model II and 1 case of using model IV were observed.

Model V was mainly employed when making a decision to broaden the range of
services offered. The application of this model entailed market analysis and studies of
clients’ preferences. In one case, this model was used to plan a change in the company’s
business profile, and once it served to make a decision to expand the operation area. The
adopted model was verified in all but one cases. This model is based on operations studies,
it takes into consideration the use of linear and non-linear programming, and it offers many
possibilities with respect to modelling decision problems.

Model III was as just popular as Model V (5 cases). Model III enables the user to
carefully prepare and conduct the entire decision-making process. By going through
11 stages, one is able to prepare input data more accurately and to verify the outcome. This
model was applied in various situations, but its implementation was associated with an
assessment of different variant solutions.

Model II, which was used in three of the analysed cases, is similar in principle but less
expanded. It was used only when making a decision to change the company’s business
profile. No verification of the model was noticed in any of the three cases. Model IV, close in
its philosophy to model II, appeared only once, when analysing a possibility of broadening
the offer, and it was not verified either. Noteworthy is the fact that the cybernetic model
was not used at all.

The research reported in this article showed that the most popular decision support
methods employed in the construction industry when making an assessment of variant
solutions are multi-criteria analytical methods and models which make use of such analyses.
The study comprised problems of making decisions while performing small, medium-sized
and large construction projects, characterised by different degrees of complexity. It was
found that decision support models were somehow modified by users and the modifications
depended on the nature of a construction project. The interviews and analyses of all
studied cases enabled us to elaborate and suggest decision support models dedicated to
the construction sector, including such aspects as the size of a construction project and its
complexity.

Suggested decision support models useful when selecting variant solutions in the
construction sector:

I. A model useful for small and medium-sized, less complicated construction projects:

1. Study the decision situation
2. Define the problem
3. Determine criteria applied to assess solutions to the problem
4. Develop variant solutions to the problem
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5. Select a method to assess the solutions
6. Assess and select the best solution
7. Implement the solution

II. A model for medium-sized and large, complicated construction projects:

1. Analyse the environment and collect information
2. Define the problem causing difficulties
3. Determine criteria for the assessment of solutions to the problem
4. Develop variant solutions
5. Select a method for making an assessment of the possible solutions
6. Assess all variant solutions and select one
7. Make a decision
8. Implement the decision
9. Obtain feedback
10. Correct the input data, underlying assumptions

Making strategic decisions is most often supported by models III and V. When a
decision to be made concerns the future of a company, the most important stage was to
collect a complete set of information about the environment (model III), as well as being able
to describe the decision situation using a mathematical language (model V) and obtaining
feedback which allows the user to verify the model, and in consequence to improve the
decision-making process.

Our suggestion of a decision support model for strategic decisions, based on this
research and on experiences gained by building companies looks as follows:

1. Identifying the need to make a decision (define the aim).
2. Collecting information about the environment.
3. Building a model (in some cases, describing the situation with a mathematical language).
4. Generating solutions to the decision problem.
5. Making an evaluation of the variant solutions.
6. Verifying the model.
7. Obtaining feedback to correct the model.
8. Receiving the corrected solution.
9. Implementation.

The models designed on the basis of this study take into account the specific nature
of civil engineering practice. The analysed research material led to the identification of
three basic decision situations: (I) connected with the execution of large and medium-sized
construction projects that are highly complex, (II) smaller and less complicated construction
projects, and (III) situations when strategic decisions are made in a construction company.
The approach recommended in this article is universal and can be useful in practice.

Apart from the tested models applicable in construction, attention should also be
paid to the “desirability function approach” used in industrial engineering. This method
has been used, among others. for testing the optimal geometry of tall buildings. Its
quantitative, relatively simple nature could be used in decision-making processes related
to the implementation of complex construction projects [52–55]. This method deserves
attention and will be the subject of further research by the authors.

The analysis of the popularity of mathematical methods showed that the commonly
used methods are the score and the weighted score ones, which were used in 82% of the
analysed investments, in 85% of road and bridge developments, and in 78% of develop-
ments connected with environmental protection, which were the most numerous type of
development in the time period analysed. The prevalent methods were weighted score
ones, which allow the user to stress the importance of some of the criteria. The AHP
approach was used as a decision-support tool in 11% of the total number of investments.
The remaining 7% had other assessment methods employed, e.g., a linguistic-descriptive
method (schools and other education facilities as well as health care facilities), and in one
case, which was a sports facility, the developer used a binary relationship model. Linear
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and non-linear optimization methods were employed to support business decisions in the
management of companies. They were used in over 60% of the analysed cases.

5. Summary and Conclusions

Every business activity is invariably connected with making decisions. There are
several decision support systems available in management practice. To improve the
decision-making process, various model approaches have been developed that use different
mathematical tools.

To diagnose the problem of modelling the decision-making process in construction
activities, the author of the article, provided that the research covered 34 construction
projects and 15 companies operating in the construction industry. The sections include
that the methods and approaches described in the literature are also used in engineering
practice, although they are subject to certain modifications due to the specificity of this
sector, as well as there are no universal methods and procedures modelling decision making.
manufacturing process in construction companies.

In the case of small and relatively simple construction projects, simplified models are
usually used, where the use of the last steps of verifying the results and improving the
applied model is limited. Decision makers pay special attention to the reliable preparation
of input data for analysis in the decision-making process. Large and more complex con-
struction projects were often accompanied by a decision support system consisting of more
stages, and in these cases, it turned out to be important to obtain feedback and to refine the
decision model accordingly.

Research has shown that in large projects it is important to obtain feedback. This is
due to, inter alia, from the fact that the implementation of these projects involves much
greater financial resources than in small and medium-sized projects. Decision-makers take
much more care to verify the correctness of the model, because the effects of wrongly made
decisions can be much more severe than in the case of small and medium-sized enterprises.

If it is necessary to make strategic decisions related to the future of a given company,
attention was paid to models in which the starting point was to clearly define the goal
and collect a complete set of information about the decision-making environment. Various
analytical and research methods were used, but feedback was always needed to improve
the final solution.

The observations obtained during the research helped the authors to develop decision
support models dedicated to engineering practice that may be useful in the implementation
of construction projects.

The results of the conducted research indicate that the problem of decision making
in construction is wide, decisions are diverse and made in various situations. This topic
is not discussed in the literature and it is difficult to find decision models dedicated to
construction activities. The literature review shows a variety of approaches used in various
areas of the economy. They can be adapted to various purposes, but do not take into account
their specificity. For example, decisions in construction processes are always subject to
certain limitations due to preceding events. The main criteria, which may be obvious or
hidden, can be grouped into a set of goals, a priority system, a course of alternative actions,
the consequences of each alternative solution, and a system of selection criteria.

The research does not exhaust the research issues and will be continued to take into
account, inter alia, the conditions of uncertainty and risk accompanying the decisions made.
Attention should also be paid to the “desirability function approach” used in industrial
engineering. This meth-od has been used, among others. for testing the optimal geometry
of tall buildings. Its quantitative, relatively simple nature could be used in decision-making
processes related to the implementation of complex construction projects.
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