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Abstract

Extending the life cycle of heritage buildings through their adaptive reuse can ensure their survival and is concord-
ant with the policy of sustainable development. Selecting a new form of use for heritage building adaptive reuse
projects is a multidimensional process that can be significantly aided by multi-criteria decision-making approaches.
In this paper, the authors have proposed a hybrid form of structural analysis, which is a formulation of a multi-criteria
approach to the analysis of complementary forms of use for a complex of historical buildings, to be used during the
early planning stages of adaptive reuse projects for heritage building complexes. The approach has been demon-
strated on the example of the Boyen Fortress complex in Gizycko, Poland. The outcome of the analysis indicated that
the highest share of floor space to be adapted should be dedicated to exhibition spaces, which is justified concerning
cultural heritage benefits. This approach can be of significant aid to decision-makers during adaptive reuse project
planning phases, thereby facilitating the continued survival of heritage sites.
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Introduction

Most historical buildings have lost their original forms of
use because they are no longer needed in their original
forms in the present day. The development of civilisation
has caused both needs and forms of satisfying them to
change fundamentally. This fact has caused many aban-
doned historical buildings to undergo degradation.

One chance to improve this situation is the adaptive
reuse of historical buildings, understood as making them
suitable for other purposes than those that they previ-
ously fulfilled, i.e. their adaptive reuse [1].

The process of extending the life cycle of histori-
cal buildings associated with their adaptive reuse not
only generates benefits to property owners (e.g. a good
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location, attractive appearance, financially advantageous
purchase of property), but, in accordance with the con-
cept of sustainable development, facilitates the survival
of historical substance for future generations. Architec-
tural conservation in the aspect of sustainable develop-
ment is associated not only with typical conservation
measures focused on a building’s historical substance,
but also on efforts linked with broadly understood urban
regeneration [2, p. 661-668]. A comprehensive (in a soci-
etal, economic, environmental-protection-related and
cultural-heritage-related aspect) process of the protec-
tion of historical monuments through restoring them to
their former functions or assigning new ones to them,
can become a part of the urban regeneration of a given
urbanised area that has, for various reasons, become
decayed, leading to a critical state and disrupting its
proper functioning.

Adaptation and modernisation forms vary depending
on the size of a building, its technical condition, cultural

©The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-3452-8829
http://orcid.org/0000-0002-8147-4050
http://orcid.org/0000-0003-4524-1871
http://orcid.org/0000-0002-5785-3413
http://orcid.org/0000-0002-1713-4000
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40494-021-00550-z&domain=pdf

Sladowski et al. Herit Sci (2021) 9:76

value, and other characteristics that arise from its origi-
nal form of use (e.g. its functional and spatial structure,
structural and material properties, location and the qual-
ities of its surroundings). Furthermore, not every histori-
cal building is suitable for every form of use in terms of
its functional and spatial layout, and while certain build-
ings afford a certain degree of flexibility in this regard, it
is a factor that cannot be disregarded. Assessing a build-
ing’s suitability for adaptation is therefore one of the
cornerstones of the early stages of selecting a new form
of use for any building, historic ones included. Another
consideration is the identity of the place, which can fur-
ther constrain the decision-maker’s options [3]. Legisla-
tion and regulations applicable to conservation are also
a significant factor, as indicated by Elsorady [4]. MCDM
methods support human decision-makers by presenting
to them a clearer picture of the decision problems they
face, as based on the opinions of experts. However, they
are not intended to replace human agency in decision-
making, as the final decision is always made by a human
being.

During the preparation of an adaptive reuse project,
selecting the new functions that a historic building is to
feature can be considered difficult as it requires numer-
ous interdisciplinary factors (criteria) to be considered.
This decision-making process, which involves multi-
ple criteria, demands that decision-makers process and
assess both measurable and difficult-to-measure data.
Measurable data can include technical and financial
information, while the data that is difficult to measure
can be the rank of cultural heritage the structure in ques-
tion represents.

Decisions have the character of a number so as to ena-
ble decision-makers to choose an alternative or group of
alternatives from a preset group thereof [5]. This neces-
sitates that information about a building be converted
into numerical form. However, some among the archi-
tectural conservation community voice critical opinions
about converting the characteristics of heritage sites into
numerical values, despite the fact that such approaches
have been used for centuries, e.g. by Vicq d’Azyr in his
instruction from 1793 [6]. Objective methods of select-
ing values that can be used to describe heritage sites and
assess them should be sought [5]. Numerous authors
studying the field of architectural conservation [5, 7,
8] suggested the application of Multi-Criteria Deci-
sion Analysis (MCDA) methods to do so [9, 10]. These
expert-opinion-based methods enable processing data
pertaining to attribute and indicator values that apply
to historical buildings and account for a range of pos-
sible uniquely defined decision alternatives. These ele-
ments are presented synthetically, either in a hierarchical
or network-based dependence model. This defines the
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direction and manner of analysis, which can combine
and process qualitative and quantitative data at the same
time. Some algorithms used in these methods include
expert opinion coherence control mechanisms. This ena-
bles the formulation of group expert opinions on various
subjects, including interdisciplinary values.

The literature includes decision-making models
focused on: historical structure assessment [11, 12], the
need for their classification [13, 14] and setting priori-
ties concerning funding and performing work on heritage
buildings [8, 15-24]. Many scholars have also analysed
spatial planning aspects in architectural conservation [11,
25-27]. A large body of the literature has been devoted to
choosing conservation technologies and materials, either
in adaptive reuse projects or as a specific subject [28—31].
In the last two years, comprehensive literature reviews
were presented by Morkunaite et al. [32], Pavlovskis et al.
[33], as well as Nadkarni and Puthuvayi [34], thus dem-
onstrating the dynamic development of this field.

Ustinovicius and Jakucionis [7] analysed the renova-
tion of historic structures in Vilnius, Lithuania, analysed
potential functions using multi-criteria approaches in
adaptive reuse projects. Their proposal was based on
the TOPSIS method (Technique for Order Preference
by Similarity to an Ideal Solution). The TOPSIS method
has had a fuzzy extension developed and continued by
Zavadskas and Antucheviciené [35, 36], while Fuentes
[37] used the weighted sum method to assess the possi-
ble reuse of four heritage sites in Spain. Wang and Zeng
[38] explored form of use selection in the case of two
heritage sites in Taipei, Taiwan. They employed the ANP
method (Analytic Network Process) as a tool of multi-
criteria analysis, in conjunction with structural model-
ling. Another method used to select new forms of use
is the “Choquet” integral, applied by Breil, Giove, and
Rosato [39] and Giove, Rosato and Breil [40], who used to
explore this problem on the example of the Arsenal build-
ing located in Venice, Italy. Multi-Attribute Value Theory
(MAVT) was used by Ferretti, Bottero, and Mondini [41]
to analyse a number of historical buildings in Turin, Italy,
in terms of their capacity to house a given set of forms of
use. Radziszewska-Zielina and Sladowski [42] also used
MCDA methods to analyse the problem of selecting a
form of use for a historical building—the Great Armoury
in Gdarnsk, Poland. They developed a fuzzy extension of
the WINGS method (Weighted Influence Non-linear
Gauge System) with the aim of modelling the imprecise,
incomplete and uncertain character of data processed by
experts in this process.

In the literature the vast majority of methods of multi-
criteria analysis was used to support decision-making in
cases focusing on individual historical buildings. There
is only a small number of publications concerning the
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adaptation of historical sites formed by a larger complex
[43]. In order to prolong the life-cycle of buildings (by
selecting new forms of use) that form a complex of build-
ings, it is justified to consider a larger number of mutu-
ally complementary forms of use instead of only a single
one. The specificity of such a decision-making problem
requires a system-based approach that will feature an
analysis of elements (decision-making criteria, vari-
ants of new forms of use) and the relationships between
them. The character of the problems requires taking into
account not only the relationships (external dependen-
cies) between the criteria and the variants of new forms
of use, but also co-dependent relationships (internal rela-
tionships) within the set of selection criteria and the set
of decision variants that will affect each other. Viewing
the decision-making problem in this manner undoubt-
edly requires a comprehensive network-based approach
to multi-criteria analysis, instead of a hierarchical one. In
the literature we can find examples of decision-making
models of the selection of a new form of use for a his-
torical building in which the network structure of the
system being analysed was taken into consideration, but
in which interdependencies—due to the character of the
problem (the selection of only one variant of a form of
use for a building) only applied to decision-making cri-
teria and not the variants of the form of use [38, 42]. In
addition, it should be noted that the literature on the
multi-criteria selection of new forms of use lacks models
that would account for both positive and negative impact
of inter-element influences. The multi-objective charac-
ter of criteria and the complementarity of new forms of
use selected for a given historic site forces the decision-
malker to account for this.

Due to inherent limitations of MCDA methods,
researchers make attempts to enhance them either by
improving available methods, or combining them into
hybrid methods [44]. A promising avenue of improving
these methods has been identified in approaches that
focus on fuzzy logic, as presented by Radziszewska-Ziel-
ina and Sladowski [42], Macias-Bernal et al. [45] and oth-
ers [46-48].

Research aims

This paper presents a proposal of an innovative and origi-
nal multi-criteria approach to analysing the percentage
share of complementary forms of use within a complex
of historical buildings that can prove useful in preparing
initial feasibility studies of adaptive reuse projects. Below
is a list of features that make the proposal presented in
this paper original and innovative:

+ The proposed approach accounts for inter-criteria,
inter-alternative and criteria—alternative dependen-
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cies in the analysis. Previous versions only allowed
for inter-criteria dependencies and the impacts
exerted by alternatives/variants on criteria.

+ Instead of only relying on impact strength, expressed
in its value always being either positive or zero, the
proposed approach accounts for impact polarity,
namely whether said impact is positive or negative—
adverse or beneficial. This significantly enhances the
DEMATEL method by accounting for positive and
negative internal impacts in criteria and alternative
selection, as well as for external impacts as feed-
back between these sets. The classical version of this
method does not account for this distinction, which
can lead to less realistic and intuitive analysis results.

In addition to the above, this paper proposes the use of
a combination of the DEMATEL method, enhanced as
presented, with the ANP method, thus creating a hybrid,
network-based approach. It can be used to identify a set
of complementary uses in the planning of an adaptive
reuse project focusing on a historical building complex.
The proposal has been backed with an analysis of the
selection of a number of alternatives of complementary
uses for the Boyen Fortress complex, located in Gizycko,
Poland. As criteria and alternatives need to be formu-
lated individually in every case, and due to most histori-
cal buildings being unique, it can be argued that a single
case is sufficient for demonstration.

An overview of the original elements of the proposed
approach and how they compare with previously used
approaches has been presented in Fig. 1. Figure 1a is an
illustration of the traditional approach: based solely on
impact strength, with one-sided impacts by alternatives/
variants on criteria, with criteria affecting each other.
In the proposed approach, presented in Fig. 1b, crite-
ria also impact alternatives, the alternatives themselves
impact each other, and all impacts are analysed in terms
of strength and polarity.

Presentation of the multi-criteria decision-making
problem—materials and methods

Selecting an alternative of a form of use during the plan-
ning of a historical building’s adaptive reuse is a complex
decision-making problem. The decision-maker must
account for numerous independent and interdisciplinary
factors (criteria).

Based on a review of the literature—Affelt [49],
Radziszewska-Zielina and Sladowski [50], Vodop-
ivec, Zarni¢, Tamogaitiené, Lazauskas and Selih [22],
Sktodowski [5], Loli and Bertolin [44]—the authors
listed the most commonly occurring selection criteria
associated with the adaptation of historical buildings to
new forms of use. This selection was also discussed with



Sladowski et al. Herit Sci (2021) 9:76 Page 4 of 20
assessment assessment
criteria criteria

G,

environmental
aspect

variants
a b

negative impacts

Fig. 1 Concept schemes for systems for a network-based approach to the multi-criteria problem of the selection uses in the adaptation of
historical buildings a for the selection of a single variant of a building’s use [38, 42], b for the selection of numerous complementary uses, along
with determining their percentage share within the building or complex of buildings undergoing adaptive reuse, while accounting for positive and

Positive impact
Negative impact

variants

(number can vary)

experts from such disciplines as architecture, economics,
sociology, architectural conservation and civil engineer-
ing. Ultimately, five main criteria that possess a universal
character were selected for the decision-making model
(Table 1).

The aforementioned set of criteria, which can be con-
sidered universal to a certain degree, can be used to
perform analyses during the stage of the preliminary
feasibility study of a construction project. The set can
be expanded to include additional criteria, whose occur-
rence will be determined by the specificity of a given his-
torical building. For the purposes of detailed discussion,
a deconstruction of every criterion can be performed

by subdividing it into subcriteria, however, the preci-
sion level of the analysis should always be adapted to the
amount of information at a decision-maker’s disposal
during the stage of the decision-making process.

When analysing the definitions of the criteria pre-
sented above, it can be easily seen that the descriptions of
some of the criteria mutually overlap, which justifies the
necessity to take interdependencies into account over the
course of the multi-criteria analysis, including so-called
feedback loops between these criteria. This interpreta-
tion leads to the adoption of a network-based character
of relationships between them instead of the standard,
hierarchical one. In order to synthetically describe and
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Table 1 Set of benefit criteria used to select the set of mutually complementary uses for the Boyen Fortress in this study

Benefit criteria Characteristics

C, Economic benefits

Benefits obtained thanks to returning neglected and abandoned historical buildings to use through adapting them to a

new form of use, which can lead to: an increase in property value, the generation of income through using the buildings

in economic activity. (Original definition)
G, Benefits to society

Benefits obtained thanks to reinforcing the feeling of identity and national integrity (the emotional bond between a society

and historical buildings as a testament of a past period), providing a sense of safety by appropriating abandoned build-
ings that fall prey to vandalism, uncontrolled occupancy and converting them to purposes that are beneficial to society

[49, 50]

C; Benefits associated
with the protection of
the environment

These benefits are possible to obtain as a result of extending the life-cycle of the material substance of historical buildings.
They are obtained by limiting construction waste, reducing energy consumption, limiting the emission of harmful sub-
stances. They are thus measurable benefits that cannot be obtained when constructing new buildings. The protection of

the environment is also affected by the potential improvement of the energy effectiveness of historical buildings during

occupancy. (Original definition)

C, Benefits associated
with the protection of
cultural heritage

Benefits associated with the protection of cultural heritage are the result of preserving and restoring the past cultural
characteristics of historical buildings and their popularisation. Additional beneficial factors concerning cultural heritage
are linked with the knowledge that can be gained during the process of the refurbishment of historical buildings which in

turn leads to the obtaining of broader knowledge of buildings and increasing the amount of experience of the architec-

tural conservation community [49, 50]
Cs Architectural benefits

Benefits associated with the architectural and construction-related aspects of the adaptation of buildings which affect their

capacity in terms of utility and installations—making it possible to make full use of the buildings. These benefits affect the
functional effectiveness of the buildings and their comfort of use. (Original definition)

analyse the decision-making problem presented above, it
is necessary to select the appropriate tool that can make
it possible to properly model and analyse the dependen-
cies between the decision-making criteria and variants
being discussed.

The concept of systems as complex objects composed
of different elements between which there are certain
relations (dependencies) lies at the foundation of many
methods of multi-criteria analysis. One effective concept
of reflecting such a system is structural modelling—a
set of various techniques that make it possible to under-
stand the properties of complicated systems, including
decision-making problems [51]. The concept schemes
for systems for a network-based approach to the multi-
criteria problem of the selection of a form of use in the
adaptation of historical buildings have been presented on
(Fig. 1).

The influence of decision variants on criteria is a meas-
ure of the degree to which the goals of represented by
each criterion are achieved. The network-based struc-
ture of the relationships between elements in the system
being discussed further defines the weight of the criteria
(different sizes of the circles representing the criteria) as
well as the strength of mutual relationships (symbolised
by the different lineweights of the arrows) between the
elements of this system.

It can be observed that historical buildings are increas-
ingly often being adapted to numerous different uses
instead of a single use, with the uses in question affecting
each other to some degree. Thus, for the case presented
above, the result of the multi-criteria analysis of the

selection of a form of use for a historical structure will
not be the selection of a single use, but rather a recom-
mendation of numerous alternatives of complementary
functions/uses along with determining their percentage
share in the building or complex being subjected to adap-
tation. This is why the adopted a network-based structure
of the relationships (whose layout is dependent on spe-
cific decision-making problems being analysed) between
the criteria was supplemented by a co-dependent set of
variants of proposed new uses for the historical structure
and that affects the criteria above while also accounting
for possible positive and negative impacts between them
(Fig. 1b).
As for alternative selection, they:

+ Have to be defined individually for every case,

+ They should be potentially complementary,

+ They should be functions/building uses that the
structures under analysis can be adapted to (i.e. they
must be permissible),

+ They must align with the preferences of the devel-
oper/owner, and comply with land use regulations
and conservation guidelines.

The alternatives analysed in this paper have been
characterised in “Formulating the decision-making
problem — definition of permissible building use alter-
natives” section. The uses that have been selected for
analysis—hotel, exhibition spaces, commercial spaces,
administrative spaces and sports and recreation—can be
considered desirable from the standpoint of a municipal,
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institutional decision-maker intending to renew a major
monument and as such they reflect the current situation
of the presented case study.

The dependencies, impacts, their strength and polari-
ties were defined by a panel of experts who were surveyed
for this purpose. The experts were informed about the
monument they were defining these elements for. A more
detailed overview of this process has been presented in
“Case study” section.

Modelling and structural analysis of the problem
The literature features numerous modelling and struc-
tural analysis methods that have been applied on a range
of decision-making problems. The most prevalent meth-
ods include: ANP [52] (Fuzzy Analytic Network Pro-
cess—Saaty, 1996), DEMATEL (Decision Making Trial
and Evaluation Laboratory [53]) and WINGS (Weighted
Influence Non-linear Gauge System [10]). These meth-
ods model dependencies between system elements
using the directed graph, whose vertices represent sys-
tem elements and its arches determine the relationships
(influence) between them. The system modelling and
analysis procedure used in these methods is based on
similar algebraic mechanisms. Input ratings are entered
into a matrix, which returns input values for the ana-
lysed model through the sum of all exponents in a liminal
sense. The methods in question, due to having the same
formal foundations, produce similar results. Therefore,
when selecting the method with which to perform multi-
criteria analysis of the problem presented in this paper,
the key factor to be considered is their usefulness.

The effectiveness of these structural modelling meth-
ods can be enhanced via combining them into a hybrid
form. The essence of a hybrid approach is to analyse a
given decision problem using complementary meth-
ods, which were previously used separately. A hybrid
decision-making system [54, 55] enables the process-
ing of different types of knowledge which use differ-
ent methods of reasoning and aggregation, namely the
comparing of information with different values and
their presentation using an aggregated indicator. One
example of a hybrid decision-making system is the
combination of the DEMATEL method with the ANP
method. The main benefit of combining these methods
is based on the DEMATEL method enabling the defi-
nition of a cause-and-effect structure network of rela-
tionships between system elements (e.g. criteria and
decision alternatives) while the ANP method can (via
multi-criteria analysis) determine the priorities of these
elements within the system. There are few examples of
hybrid models that utilise the potential of the DEMA-
TEL and ANP methods in the literature on decision-
making problems in construction, e.g. Zhou, Bai and
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Sun [56]. Hatefi and Tamosaitiené [57]. However, none
of these cases referred to the adaptive reuse of heritage
buildings.

The application of a hybrid DEMATEL/ANP method
to analyse the multidimensional problem of adapting
heritage buildings to new complementary forms of use
requires development to include the following aspects
which make this approach innovative in comparison to
its classical form, which was applied in previously men-
tioned literature.

1. The need to account for both positive and negative
impacts between model elements (criteria and deci-
sion alternatives) required formulating an extension
of the DEMATEL method. The classical version does
not account for whether a given relationship is posi-
tive or negative.

2. Apart from building the network structure of criteria
interdependencies, the DEMATEL method was used
to determine co-dependent relationships between
the forms of use of the heritage building subjected to
adaptive reuse as explored in the paper, which is to
reflect their complementary character.

3. The DEMATEL method was also used to determine
external relationships between the set of criteria and
the set of the forms of use of the heritage building
under analysis within the system. These relation-
ships can appear as feedback in situations when the
functions also determine criteria significance, which
can be essential from the standpoint of analysing the
problem in question.

4. The decision model structure described above was
analysed using the ANP method. The analysis deter-
mined global priorities for form-of-use alternatives,
whose value shall determine the optimal percentage
share of these functions within the building or com-
plex being adapted in reference to the adopted crite-
ria.

As a result of accounting for the above, the general out-
line of the proposed approach shall be as follows, to com-
mence after defining criteria and alternatives, which are
hereafter referred to as system elements.

The first part, comprised of four steps, follows the
DEMATEL method as enhanced in this paper.

+ First, a group of purposively selected experts is asked
to fill out a survey in which they verbally assess the
impacts between the system’s elements: their impact
strength and polarity. The collection of expert opin-
ions can be performed using the Delphi method.

+ The indirect impacts between system elements and
the polarity of said impacts is then calculated.
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+ Based on the calculations, a network of positive and
negative total impacts between system elements is
formulated.

« This network is then used to calculate significance

thresholds and select the positive and negative total
impacts between system elements.
After the conclusion of this stage, the proposed
approach switches over to the ANP method and it is
used it to carry out the remaining four steps, asso-
ciated with determining the significance of system
elements and global priorities. These steps are as fol-
lows:

« First, the decision problem is decomposed into posi-
tive and negative impacts to create two separate pipe-
lines for each. The following two steps are carried out
separately for positive and negative impacts.

+ A group of experts is once again asked to brainstorm
and assess the significance of each element in terms
of its positive and negative impact on other elements
via pairwise comparison. As noted above, this is done
separately for positive and negative impacts.

+ Based on the above, local and global priorities con-
cerning the elements are calculated based on pair-
wise comparisons, again separately for positive and
negative impacts.

+ During the final stage, the results of the previous
stage are aggregated and sequenced, producing an
output in the form of a set of percentage shares of
complementary building uses that can be considered
optimal in light of the criteria adopted.

For ease of reference, this scheme shall be presented in
Fig. 2.

In the DEMATEL method, the tool used to model
dependencies between system elements is the directed
graph of direct impact, in which the graph’s vertices rep-
resent system elements and links determine the direction
and intensity of the impact of elements on one another.
These impacts and intensities are defined by experts in a
survey.

Building the system element dependency structure
requires adopting certain assumptions following the
DEMATEL procedure.

1. Relationships between elements within the system
are characterised by their influence (impact), which
can be expressed using numbers;

2. Impacts between system elements should account for
direct and complex (indirect) impacts, arising from
impact transitivity;

3. Indirect impacts that arise between more than two
system elements can be determined approximately by
two-element impacts.
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Define positive and negative
direct impact between system
elements

Calculate positive and negative
indirect impact between
system elements

Establish network of positive
and negative total impact
between system elements

Calculate significance threshold
and select positive and negative]
total impact between
system elements

Decompose the decision problem into positive and negative EE
impacts between system elements separately ] [

Assess system element
significance in terms of
positive impacts
via pairwise comparison

Assess system element
significance in terms of
negative impacts
via pairwise comparison

Calculate local and global
priorities for system elements
in terms of positive impacts
via pairwise comparison

Calculate local and global
priorities for system elements
in terms of negative impacts
via pairwise comparison

ANP

Aggregate and sequence
percentage share of
complementary
forms of use

Fig. 2 Conceptual scheme of the method proposed in the study,
displaying the steps performed using the DEMATEL and ANP
methods, and accounting for positive and negative impacts

By impact transitivity, we understand the following
dependency. If, within a given system, element A has
a direct impact on element B, which in turn directly
impacts element C, then element A exerts an indirect
impact on element C, regardless of the possible addi-
tional direct impact exerted by element A on element
C. The greater the number of elements between ele-
ments A and C, the weaker the direct impact.

The verbal description of the decision-making model
is as follows:

1. Set N is defined, comprising # system elements under
analysis, which are benefit criteria and alternatives
featuring complementary forms of use in the adapta-
tion of the given heritage structure,

2. Square matrix C is defined, with n x n dimensions
that defines the direct negative and positive impact
between system elements. The structure of these
dependencies is visualised by a directed graph show-
ing direct impacts.
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In a survey, experts verbally define the polarity
(positive or negative), intensity and direction of direct
impacts between these elements. Positive impacts were
given positive values, while negative impacts were
given negative values. The experts’ linguistic ratings
are assigned numerical values based on a rating scale
(Table 2).

In the matrix D = {ai,' }, i,j =1,...,n(of direct nega-
tive and positive impacts, as defined by the experts),
elements a;, where: i,j = 1,...,n, for i =, define the pos-
itive and negative impacts between system elements.

Apart from the system modelling principles that
account for positive and negative impacts between said
system’s elements (decision criteria and alternatives),
the structural analysis of this system also required
extension.

Step 1. The direct impact matrix D is standardised
following formula (1).

1
C=-D (1)
s
wherein the standardising factor is determined fol-
lowing formula (2).

max ¢ |a] (2)

This standardisation method guarantees the existence
of the total (positive and negative) impact matrix T,

Step 2. Based on a standardised direct impact matrix
C, e calculate the resultant total (positive and negative)
impact matrix T = {tij} is calculated following formula

3).
T=C+AT (3)

where: AT = C2 4+ C34...CP is the direct impact
matrix that is the sum of the successive powers of
standardised direct impact matrix C.

Table 2 Positive and negative impact intensity rating scale
presented to experts

Linguistic assessment Numerical
value
Highly positive 3
Medium positive 2
Low positive 1
No influence 0
Low negative —1
Medium negative -2
Highly negative -3

Page 8 of 20

Taking advantage of the fact that lim C? = [0],,,, ulti-
p—>00

mately, the total (positive and negative) impact matrix
can be calculated based on dependency (4).

o0
T=) C’=Cci-07", @)
p=1
where I is a unit matrix.

Step 3. Aggregation of the group expert assessment
based on an arithmetical average

. 1 K
T=— T,
K & ®

where K is the number of experts.
Step 4. The decomposition of total impact matrices into
positive (6) and negative (7) impact matrices.

+_Jtp ift;=0
Ly _{ 0 otherwise |’ (6)
__Jty ifg<o0
L _{ 0 otherwise [’ 7)

Step 5. The significance threshold of total impacts as
an arithmetical average (accounting for “zero-value”
impacts) separately for positive (8) and negative (9)
impacts.

I
rr=5 0 4 (®)

i=1 j=1

B R
p =;ZZ@;» ©)

i=1 j=1

The resultant network structures of positive and nega-
tive impacts between the elements of the system under
study shall form a basis for performing a multi-criteria
analysis of the decision-making problem using the well-
known ANP method [50]. The result of the analysis
shall take on the form of global priorities interpreted as
a recommended percentage share of individual comple-
mentary building use alternatives within the historical
structure under study.

Case study

Description of the historical structure under analysis

The authors selected the Boyen Fortress in Gizycko,
Poland (Fig. 3) to be the case study. The Fortress was built
in the years 1844—1856 on the order of king Frederick
William IV of Prussia, who commissioned it to be built
in April 1843 and had it named after General Hermann
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Fig. 3 Location of the Boyen Fortress. a Location of Gizycko within
Poland and in Europe; b Location of the Fortress relative to the

Gizycko urban area and the Kisajno and Niegocin Lakes

van Boyen [58]. It is a perfectly preserved example of the
Prussian school of fortification. It constituted the main
link of the chain of fortifications that blocked access to
the Prussian state from the east, blocking the passage
between Niegocin and Kisajno lakes—as it was placed on
the so-called Gizycko Isle. The Fortress was surrounded
with a stone and brick wall with a length of 2303 m,
resulting in an internal area of 100 ha. The Boyen Fortress
played an active part in the First and Second World Wars,
finding itself in the hands of the Polish Armed Forces
in 1945, which then transferred it to the State Treasury
in 1990. During the post-war period the Fortress was
used for economic purposes. The Fortress is currently
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a complex of around 50 buildings and other structures
which include both elements of its fortifications and the
buildings located on the Fortress courtyard. It constitutes
an attraction for tourists that come to Gizycko, currently
housing, among other functions, a military museum. The
fortress, as a part of Prussian and Polish military herit-
age, has been discussed at length by numerous authors,
including Thorwald [59] and, separately, Bogdanowski
[60, 61].

The Boyen Fortress has a plan typical of a bastion
fort, comprised of an outer ring of casemated earthen
and masonry Carnot walls with seven bastions and an
inner courtyard with several free-standing buildings
that served its garrison. The Fortress’s walls have a com-
bined length of 2303 m, while its internal surface area is
estimated at 100 ha. Six of the Fortress’s seven bastions
are named: three of the four northern bastions bear the
names Leopold, Ludwig and Schwert (Sword), while
the three southern bastions are named Hermann, Licht
and Recht. The names of the bastions are a reference to
the names of General Hermann von Boyen and the ele-
ments of his coat of arms. The interior of the Fortress
complex can be accessed via four gates: the Powder Gate,
the Water Gate, the Ketrzyn Gate and the Gizycko Gate.
Each of these gates were protected by ravelins, which are
currently overgrown by vegetation and can be hard to
identify within the landscape. The terrain within the For-
tress’s walls was extensively remodelled so as to form a
part of the defensive system of its walls. The terrain level
along the walls is higher than that of the central courtyard
and raised still along the outline of the walls themselves.

In total, around fifty individual structures form the For-
tress, its walls excluded. The defensive structures include
caponiers, observation domes, shelters, artillery battery
emplacements and posterns, while infrastructural build-
ings include such structures like barracks buildings, a
military hospital, storage buildings, granaries, a bakery,
an arsenal and powder laboratory. Most infrastructural
buildings are made of brick and have an elongated, rec-
tangular plan. They are almost universally covered with
gabled roofs covered with ceramic tiles. Their external
finishes are primarily comprised of stone bases, veneer
brick walls, and their architectural expression is typical of
nineteenth-century Prussian military architecture, stress-
ing utility and uniformity. The more distinctive architec-
tural features of the Fortress’s buildings include arched
bifore. The tallest buildings have two storeys and a cellar.

The Fortress also features several structures that do not
play a strictly defensive role, but due to their intended use
during wartime, share the architectural and structural
characteristics of defensive structures. One example of
such a structure is the wartime barracks [62]. Gizycko’s
location within Poland, presented on a map of Europe,
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along with the Fortress’ placement relative to the town
shall be presented in Fig. 3, while the layout of the For-
tress itself shall be presented in Fig. 4.

Putting the Boyen Fortress to use has been a significant
problem to stakeholders, who have undertaken a series of
efforts in this regard over the recent years, to no effect.
The authors performed a synthetic analysis of this prob-
lem of the selection of a form of use. Due to the size of
the Fortress complex, it is necessary to diversify the func-
tion of the Fortress by selecting forms of use that can
mutually complement each other and that will also posi-
tively affect the criteria of their selection.

Formulating the decision-making problem - definition

of permissible building use alternatives

In order to build a decision-making model, the authors
first defined the constraints, limitations and condi-
tions that were characteristic of the analysed problem
(Table 3).
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The conditions presented above indicate that the Boyen
Fortress is a very good example for the analysis of the
selection of various mutually affecting forms of use that
simultaneously influence a series of criteria of their selec-
tion, as a part of a single project. This is because, among
other things, the fortress is a relatively large complex that
constitutes a single thematic whole. It is due to this fact
alone that the adaptation of this site should be performed
comprehensively and holistically, in a manner that can
ensure its functioning as an independent, cohesive func-
tional organism. In order for this to happen, the forms of
use that should be included in the fortress should com-
plement each other and be quantitatively selected so
that they can positively affect both other forms of use
and the individual benefits that will be gained from the
adaptation.

Based on the limitations and conditions outlined in
Table 3, the authors proposed variants of complemen-
tary forms of use, with an assessment of the adaptation

Fig. 4 Plan of the Boyen Fortress in Gizycko, Original in Polish, courtesy of IPG sp. z 0.0
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Table 3 Limitations concerning the adaptation of the Boyen Fortress and their interpretation

Limitations of adaptation Interpretation

Spatial character of the complex

Location of the complex

Historical and heritage value

The Boyen Fortress is a complex that, in essence, features two types of buildings: the first type are the
buildings of the fortress courtyard, which can be considered detached masonry buildings typical
of the nineteenth century. The second type are the fortification structures, which are strictly tied
with the defensive character of the Fortress. This causes these structures to be located in highly
specific conditions, which place significant constraints on their potential in terms of adaptation
and functioning. The very fact of the Fortress being a historical site of great significance makes it
possible to take into consideration the adaptation of some of the buildings of the Fortress into
exhibition spaces, showcasing exhibitions associated with the military. On the other hand, the open
spaces of the Fortress courtyard provide an opportunity to introduce functions related to sports
and recreation

The location of the Boyen Fortress possesses two fundamental characteristics. First, it is situated in
relatively close proximity to the centre of the town of Gizycko. Second, it simultaneously constitutes
an element that blocks the development of the town in the direction of the passage between
the Niegocin and Kisajno lakes, which has caused it to be surrounded by green areas from the
south and from the west. This means that while on the one hand it is placed in an area that is
highly advantageous in terms of access to the town centre, the complex has a specific cameral
character created by a buffer composed of greenery and water bodies. The location of the Fortress
is advantageous from the point of view of adapting a portion of its buildings for commercial and
hotel-related functions

The Boyen Fortress derives its historical value primarily from its defensive character, which leads to
the necessity of protecting its distinct spatial layout and the architecture of its buildings. This means
that introducing newly designed buildings should be kept at a minimum, while adaptation should

be performed in a manner that will not significantly disrupt its original character. Both of these
circumstances support adapting a portion of the Fortress into exhibition spaces

Interference with the structural system

Modifying the structural elements and layouts of the existing buildings of the Fortress is possible

under the condition of preserving their spatial character. Adapting the structures that constitute
parts of the fortifications to new forms of use will be the most problematic from this point of view,
as their very structure and size constitute an essential obstacle to freely altering their functional
layouts. This means that certain structures are insufficiently flexible in terms of their adaptation
potential, which means that functions whose facilities are relatively non-invasive and that feature
fundamental spaces that can be designed in a flexible manner can be placed there. Examples of
such forms of use include administrative spaces and certain types of sports and recreation spaces

Conforming to current construction regulations

Due to their variety, both in spatial and structural terms, as well as because of their original func-

tions, the individual structures that comprise the Boyen Fortress possess a clearly defined character
in terms of the possibility of adapting them to current construction regulations and technical
standards. Some structures, for instance those that are a part of the fortifications, possess insuf-
ficient access to sunlight, which makes them very difficult to adapt to forms of use like a hotel or

administrative spaces

potential of individual structures to each of these forms
of use being presented in Table 4. As it can be seen from
the assessment of the suitability of the structures for
adaptation, each of the buildings can be assigned any of
the five analysed forms of use. For instance, Fig. 5 shall
present a conceptual design of the adaptation of one of
the existing buildings of the Boyen Fortress to a com-
mercial function (conference spaces) or an administra-
tive function, thereby demonstrating that this structure
can be easily adapted to different uses and as such the
adaptive reuse of the buildings listed in Table 4 can be
freely analysed.

Apart from the adaptation of existing buildings, the
authors also considered the possibility of constructing
additional buildings in order to supplement the ana-
lysed forms of use (Table 5). The conceptual design of a
new conference and entertainment hall that could form

a part of the adaptation of the Boyen Fortress has been
shown in Fig. 6.

The decision-making problem in question in the ana-
lysed case study is focused on determining the percent-
age share of each of the complementary forms of use,
with the proportions potentially forming a basis for
designing the functional and utilitarian layout of the
complex as a part of a possible design of the adaptation of
Boyen Fortress.

Multi-criteria analysis of the decision-making problem—
Results

In accordance with the proposed approach, the authors
first gathered a 5-person group of experts with inter-
disciplinary knowledge in the fields of: architecture,
economics, sociology, architectural conservation and
civil engineering. They formed a purposive sample and
had to possess at least fifteen years of interdisciplinary
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Table 4 Assessment of the suitability of buildings for adaptation to a hotel, exhibition spaces, administrative spaces and sports and

recreation-related functions

No Building name V, v, A V, Vs Floor area (m?)
Suitability Suitability for an Suitability for Suitability for an Suitability for a
forahotel exhibition space acommercial administrative sports and recreation
function function function
1 Barracks 3 3 3 3 2 2779.7
2 Barracks 3 3 3 3 2 2779.7
3 Granary 3 3 3 3 2 940.0
4 Granary 3 3 3 3 2 940.0
5  Arsenal 2 3 3 3 3 1953.6
6  Exercise building 2 3 3 3 3 499.1
7 Artillery workshop 2 3 3 3 2 2107
8  Homing pigeon 2 3 2 2 2 305.2
station
9  Black powder labora- 1 3 3 3 2 3994
tory
10 Coach house and 2 3 3 3 3 3716
stable
11 Wartime barracks 2 3 2 2 2 2273
12 Wartime barracks 2 3 2 2 2 2113
13 Wartime barracks 2 3 2 2 2 294.0
14 Wartime barracks 2 3 2 2 2 2171
15 Wartime barracks 2 3 2 2 2 219.0
16  Bakery complex 2 3 3 2 2 926.0

Scale of the suitability for adaptation to a given function

3—high suitability (it is possible to adapt the structure to the given function while limiting interference with its material substance to a minimum), 2—conditional or
low suitability (it is possibly to adapt the structure to the given function while significantly altering its substance and character), 1—very low or highly problematic
suitability (the adaptation would cause an almost complete loss of the original character of the structure). Some of the Fortress’ structures were not included in this
analysis—such as the spaces at the tips of its bastions or certain caponiers. Their layout, as well as other specific conditions, e.g. lack of access to sunlight, made them
highly inflexible in terms of adaptation capacity, which is why including them in the analysis made no sense

professional or academic experience in architectural
conservation, gained while participating in major resto-
ration projects with a budget of at least €1,000,000. The
experts possessed detailed knowledge about the histori-
cal complex of the Boyen Fortress. Because the selec-
tion of experts is a deliberate, goal-oriented choice, their
number does not need to depend on the size of the popu-
lation, which in this case is difficult to assess. The count
of the surveyed group is a result of the decision-maker’s
subjective belief that it is representative [63].

Surveys combined with heuristic methods were used to
formulate and collect expert opinions to be fed into the
algorithm. To formulate their opinions, the experts first
participated in a survey that was followed by a round of
brainstorming intended to make pairwise comparisons.
The use of brainstorming in conjunction with MCDA
methods was discussed by Vorobiev et al. [64] and Bel-
ton and Stewart [65], and as a part of Delphi and MCDA-
based studies, such as that of Van Schoubroeck et al. [66].
Van Schoubroeck et al. specifically used brainstorming
in the first round of their Delphi study, utilising MCDA
methods (Best—Worst Scaling, BWS; Hierarchical Bayes,

AURORA) for the second round, an approach that bears
certain similarities to the one proposed in this paper. In
the proposed approach, experts were first asked to par-
ticipate in a survey intended to identify impacts between
system elements as a part of the enhanced DEMATEL
section of the proposed method, which was followed by
a brainstorming session that determined pairwise com-
parisons for the ANP section of the method.

For the purposes of modelling the structure of negative
and positive relationships between elements (criteria and
form-of-use alternatives), the experts performed a lin-
guistic assessment of the influence between the benefit
criteria, as well as between the decision variants, in addi-
tion to assessing the influence of the variants on these
criteria and vice versa. The example opinion matrix for
expert no. 1, based on the scale of linguistic assessments,
has been presented in Table 6.

To determine the reliability of expert ratings, their
concordance was verified using Kendall's W (Kendall’s)
coefficient of concordance, accounting for the presence
of tied ranks (impacts between individual model ele-
ments could have been given the same ratings) [67]. The
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Fig. 5 Conceptual design of two versions of the adaptation of one of Boyen Fortress’buildings to different functions: a complex of conference halls
or administrative spaces. Original in Polish. Source: courtesy of IPG sp.z 0.0

Table 5 Proposed newly designed buildings

No Building name Purpose/function Fl. area [m?]
1 Amphitheatre Commercial/entertainment 1800.0
2 Courtyard development Entertainment/exhibition/commercial 22,000.0
3 Museum building (on the courtyard) Exhibition 2800.0
4 Administrative building (on the courtyard) Administrative 1000.0
5 Mixed-use building Commercial/administrative/exhibition 3000.0
6 Conference building Commercial/administrative 2000.0
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Fig. 6 Conceptual design of a newly designed building that could form a part of the adaptation of the Boyen Fortress. Original in Polish. Source:

Table 6 Linguistic assessment of the intensity of mutual influence between criteria and alternatives, as well as the influence of

alternatives on the criteria, according to Expert no. 1

Expert 1 Gy C (& Ca Cs Vi V> V3 Vs Vs
G - LN HN LN LP MP LN HP LP MP
G LN - MP HP NI MP HP NI NI HP
G MN HP - MP MN LN NI MN NI MP
Cs MP HP MP - LN HN MP HN NI LP
Cs MP NI MP LN - MP LN MP LP LP
Vi HP LN MN LN NI - LP HP MN LP
Vs LP MP MP HP MP MP - MP NI LN
V3 HP LN LN LN MN MP LP - LP LP
Vs MN LP NI NI NI NI NI NI - MN
Vs MP LN HN LN LN LP MN HP HN -

Scale: HP-highly positive, MP-medium positive, LP-low positive, NI-no influence, LN-low negative, MN-medium negative, HN-highly negative

Kendall's W value for the expert ratings was W =0.778,
which indicates that the experts were largely concord-
ant. The chi-squared test was also performed to test
the statistical significance of the concordance indicator,
which resulted in the rejection of the zero hypothesis
about there being no correlation between expert ratings,
with the significance level being a=0.05. It can thus be
stated that the convergence of expert opinions was not
coincidental.

After determining the total impact matrix using the
enhanced DEMATEL method, the authors aggregated
expert assessments by calculating an average total
impact matrix (Table 7) with positive and negative
impacts. The authors found impacts with a value no
smaller than the average for the given impact matrix as
significant—in the case of positive impacts, this was at
least 0.006, while in the case of negative impacts it was
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Table 7 Aggregated total impact matrix
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G (@) (&) Ca Cs Vi V3 V3 Vs Vs
G 0.001 —0.002 —0.019 — 0.005 0.007 0.012 —0.007 0.020 —0.003 0.010
G 0.005 0.001 0.013 0.019 0.000 0.019 0.012 0.010 0.002 0.014
G —-0.0Mn 0.018 0.001 0.010 —0.005 —0.001 0.009 - 0017 —0.006 0013
@3 0.014 0.022 0.013 0.001 - 0014 —0.010 0.002 —-0.019 —0.003 —0.002
Cs 0.009 0.004 0.018 —0.007 0.000 0.015 - 0015 0.018 0011 0.010
Vi 0.017 —0.003 —0.010 —0.002 0.000 0.001 0.005 0.017 —0.007 0.015
Va 0.008 0.021 0.009 0.022 0.013 0.006 0.000 0.017 0.005 —0.003
V3 0.019 —0.008 —-0.017 —-0014 —0.004 0.009 0.004 0.001 —0.003 0.008
Vs —-0.018 0.005 0.009 0.006 0.003 — 0.006 0.001 —0.002 0.000 —0.003
Vs 0014 0.003 —0.019 —0.013 —0.006 0.012 —-0014 0.021 —-0014 0.000

Fig. 7 Positive impact subnetwork

— 0.003 or less. The authors identified 41 significant
positive and 28 significant negative impacts.

As a consequence, a structural decision-making
model was built, based on the significant positive and
negative impacts between criteria and alternatives that
were identified. The subnetworks of positive and nega-
tive impacts have been presented in Figs. 7 and 8.

For the relationship structures presented above, the
authors performed calculations associated with multi-
criteria analysis using the ANP method. The authors
used Super Decisions software for this purpose, as it is a
digital application enabling the use of the AHP and ANP
methods (https://www.superdecisions.com/index.php).

Pairwise comparisons of each of the model’s elements
were performed jointly by a group of experts who had

Fig. 8 Negative impact subnetwork

Table 8 Final analysis results

Name Benefits Costs Additive Additive
(probabilistic)  ranking
formula

V, Hotel spaces 0.026 0.151 0.180 2

V, Exhibition spaces 0.764 0.128 0.548 1

V3 Commercial spaces  0.052 0273 0.042 5

V, Administrative spaces  0.121 0.288 0.056 4

Vs Sports and recreation  0.037 0.160 0.174 3

defined the impacts between alternatives and crite-
ria. The final results of the analysis have been shown
in Table 8. The presentation includes ratings given to
alternatives in the context of their positive and nega-
tive impact, in addition to synthetic results calculated
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using an additive formula assuming a weight of 0.5 for
positive and 0.5 for negative impacts. The proportion
between the weights of positive and negative impacts
can (depending on the decision-maker’s preferences) be
given different values.

Discussion
Exhibition spaces (V,) were shown to be the most benefi-
cial. This alternative received the highest rating for posi-
tive impacts and the lowest rating for negative impacts.
According to synthetic results, alternative 1 (hotel
spaces) ranked second, due to its low rating for positive
impacts, but a beneficially low rating in negative impacts.
Alternative 3 (commercial spaces), was ranked the low-
est, at fifth place. In the case of alternative 4 (administra-
tive spaces) it had the highest negative impacts and the
second-highest positive impacts, earning it fourth place
via synthetic analysis. Alternative 5 (sports and recrea-
tion) scored average ratings for both positive and nega-
tive impacts, which earned it third place in the ranking.
Based on the final results obtained using the additive
formula, the percentage share of each alternative in the
floor area of the structure under analysis was defined. The
highest share (ca. 55%) of the adapted floor area should
be assigned for use as exhibition spaces, which appears
justified from the standpoint of benefits to cultural her-
itage. Hotel spaces and sports and recreation should be
assigned ca. 18% of floor area each. These forms of use
can complement the primary function, acting as a sup-
plementary attraction and providing accommodations.
Administrative spaces are necessary for the complex’s
proper functioning and managing the operations of the
remaining four areas of activity. According to the analy-
sis, this function should not occupy more than 6% of the
total floor area of the complex. The smallest share of floor
area should be assigned to commercial spaces (ca. 4%) so
as not to disrupt the character of the site, while also pro-
viding space for small stores and accompanying services.
A sensitivity analysis was performed for the model.
Figure 9 shall present how the final results for each
alternative changed depending on variations in weight
for positive impacts. It can be observed that increases
in weight corresponded with a more beneficial rating
for exhibition spaces and, to lesser degree, for admin-
istrative spaces. The ratings for hotel and sports and
recreation functions decreased. The rating for the com-
mercial function remained at a relatively stable level.
Exhibition spaces did not change their first place in the
ranking regardless of the weight for positive impacts.
Changes could be observed for the remaining alterna-
tives. For instance, for a weight above 0.8, administra-
tive spaces moved to second place, outranking hotel
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Fig. 10 Changes in ratings for alternatives in the context of positive
impacts, accounting for changes in the weight of criterion C;
economic benefits

spaces and sports and recreation, while the dominance
of exhibition spaces become even more profound.

A sensitivity analysis was also performed to inves-
tigate the effect of changing the weights of individual
criteria on the results. It demonstrated that the second
alternative clearly dominated over the other alterna-
tives, whose positions varied, each time. The combined
share of the remaining alternatives ranged between
0.269 and 0.57. Figure 10 shall present the changes in
alternative ratings in the context of positive impacts
with weight variations for criterion C; economic ben-
efits. Changes in the weight for this criterion showed
the greatest variation in the ranking of the second alter-
native. This rating ranged between 0.430 for a criterion
weight of 1 and 0.678 for a criterion weight of zero.
Despite this observation, this alternative maintained
clear superiority over the remaining alternatives in
each case. Figure 11 shall demonstrate the dependency
between the ratings of each alternative in the context
of negative impacts while accounting for changes in the
weight of criterion C, economic benefits.
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The information obtained by the authors that has been
presented above can be useful to a decision-maker during
the stage of the initial feasibility study of a project of the
adaptation of a complex of buildings to new, complemen-
tary forms of use. It can be argued that the introduction
of complementary forms of use can improve the odds of
a heritage complex’s long-term survival. The better the
configuration of these forms of use, the better these odds
can be. From an architectural standpoint, selecting an
optimal mixture of forms of use, while assigning them to
functionally and spatially suitable buildings, can further
aid in preserving heritage, as it can potentially lead to a
lower degree of interference with its substance.

In the literature we can find numerous proposals of
decision-making models and methods of performing
multi-criteria analysis with the aim of supporting deci-
sion-making in terms of adaptation work performed on
historical buildings. However, these approaches are usu-
ally limited to the selection of a single form of use for
the analysed building. The selection of several comple-
mentary uses for a building or for an entire complex of
buildings makes it necessary to consider the interdepend-
encies between these forms of use in the analysed deci-
sion-making problem, which was not considered in the
methods that have so far been developed. In addition, the
vast majority of these methods do not take into account
the interdependencies between decision-making criteria
(which exist in the real world), being limited to a hier-
archical structure of the model of the decision-making
problems.

The set of criteria that has been proposed is concordant
with the consensus on the steps to be followed to ensure
sustainable development, as indicated by Throsby [68].

The proposal can be considered universal in how it
originally enhances and combines established methods,
improving upon them and making their results more
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reliable and intuitive. However, it must be noted that
while the structure is universal, the system elements ana-
lysed in the paper are specific to the case presented. This
is due to the need to individually select criteria and for-
mulate alternatives for every specific case to which the
method is applied.

Conclusion

Extending the service life of buildings and thereby their
life-cycle, particularly concerning historical buildings,
is desirable from the point of view of the policy of sus-
tainable development. As buildings age, their functional
layouts often become obsolete and require adaptation to
be able to function in contemporary times. Such an adap-
tation, particularly when an entire complex of historical
buildings is involved, more often than not features mul-
tiple complementary forms of use that must be appro-
priately selected—which is a complex decision-making
problem.

When faced with such problems, decision-makers
must act under conditions in which the information they
operate with is incomplete, imprecise and uncertain, as
it is very difficult, if not outright impossible, to possess
complete technical and conservation-related knowledge
about any historical building. The nature of this informa-
tion thus causes it to become difficult to measure when
processed by experts. Conflicts can also arise due to the
differing preferences of stakeholders, each of whom can
have a different outlook on the decision-making criteria
being considered in the problem. Decision-makers thus
search for support tools that can aid them in the selec-
tion of the best manner of adapting historical buildings.

In order to address the problems outlined above, a
comprehensive, multi-criteria approach to the selection
of a larger number of complementary forms of use for
either a single historical building or a complex of such
buildings was developed and has been proposed in this
paper. A set of universal decision-making criteria that
are most often being considered was proposed, of which
a part is concordant with the currently popular concept
of sustainable development. In order to fully consider the
specificity of the decision-making problem being ana-
lysed, the authors proposed a network-based structure of
the model of internal and external dependencies between
criteria and the complementary decision variants con-
cerning forms of use. The authors performed an analysis
based on positive and negative impacts between system
elements.

The multi-criteria approach that had been proposed
by the authors was subjected to operational verification
on the example of the adaptation of the Boyen Fortress
complex of historical buildings in Gizycko in northern
Poland to the proposed complementary forms of use.
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The analysis that had been performed by the authors
confirmed the application potential of the proposed
approach.

Further studies could focus on introducing more
effective methods of processing incomplete and impre-
cise information that is distinct in the process of deci-
sion analyses associated with selecting forms of use for
historic buildings. The application of interval sets or
fuzzy logic in the modelling the uncertainty of expert
opinions in the formulation of assessments based on
incomplete and imprecise information about a building
can be a promising extension of the present model and
decision analysis. Following the trends in the literature
as outlined in the introduction, it would be beneficial to
develop these methods in this direction. MCDA meth-
ods are intended to support decision-makers in making
informed choices, aided by experts in specific fields,
whose opinions are aggregated to provide clear and
intuitive suggestions.
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