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Graphical Abstract

In this study, alternative strategies used to meet the demand for blood and blood products were examined and
alternatives and criteria were ranked using Pythagorean Fuzzy AHP and TOPSIS.
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Figure. Application Flowchart
Aim
This study aims to determine the most appropriate solution by developing alternative strategies to meet the demand
for blood and blood products in Tiirkiye.
Design & Methodology
Pythagorean Fuzzy AHP and TOPSIS were used in the solution phase of the problem.
Originality
The study evaluates alternative strategy choices in meeting the demand for blood and blood products.
Findings

As a result of the implementation, a strategic roadmap was created to increase donation amounts and maintain stock
levels.

Conclusion
Within the scope of the study, alternative strategies to meet the demand for blood and blood products will be evaluated.
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ABSTRACT

Blood and blood products are vital in many medical conditions. In cases such as surgical operations, ca
accidents, successful treatment becomes difficult without blood and blood products. Therefore, blood
importance for saving the lives of patients and for the smooth operation of the healthcare system. This study ai

study aims to establish a sustainable supply and donation management mechanism by evaluatifiy
processes to the delivery process to hospitals, with Pythagorean Fuzzy AHP and Pythagor
analyses based on the criteria of Sustainability, Impact Potential, Target Audience Suit;
Implementation, and Stakeholder Support, the highest priority was determined as sustgi
alternative stood out. This result shows the potential to increase the efficiency of donatlon pr
donation units and accessible locations in city centers. As a result of the study, co
solidarity, awareness with its adaptability to regional differences and long- tegﬂe

Keywords: Blood and Blood Products, Pythagorean Fuzzy AHP, Pythaggrean F

Kan ve Kan Uriinlerinin Ta
Alternatif Stratejilez

tedarik ve bagis yonetim mekani
Maliyet Etkinligi, Uygulama Ko,

menpthat forms the basis of the quality of
life of indivi d is also an indispensable priority for
the sustainable”development of societies. Blood and
blood products are vital elements that must be accessed
immediately when needed; otherwise, it can lead to
serious and unpreventable situations such as interruption
of treatments, progression of diseases, or loss of life [1].

Providing safe and demand-capable blood should be an
integral part of every country’s health policy. In countries
with large economies, the main reasons for transfusion
are complex medical and surgical interventions, trauma
and accidents, malignancies, and birth complications.
Pregnancy complications and childhood anemia are
conditions that require blood transfusion to a large extent
in middle- and low-income countries. It has been shown
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r treatments, and
ation is of vital

ethods. In the

ni
erlendirilmesi

rrahi operasyonlar, kanser tedavileri ve kazalar gibi durumlarda

kan bagisi, hastalarin hayatlarini kurtarmak ve saglik sisteminin
iye'de kan ve kan triinlerine olan talebi karsilamak i¢in alternatif
i amaglamaktadlr Calisma, kan bagis1 siireclerinden hastanelere ulastirma
Pisagor Bulanik TOPSIS yontemleri ile degerlendirerek siirdiiriilebilir bir

i’6ne ¢ikmustir. Bu sonug, mobil bagis {initeleri ve sehir merkezlerinde erigilebilir
verimliligini artirma potansiyelini gostermektedir. Caligmanin sonucunda bolgesel
vadeli etkileri ile literatiire katki saglanarak toplumsal dayanisma ve farkindaligin

that more than a quarter of maternal deaths can be
prevented by providing access to safe blood [2].

Blood, a limited resource that can deteriorate over time,
can only be produced by the human body and there is no
artificial alternative that can replace it. This situation
increases the importance of blood even more. It requires
that it be delivered to where it is needed as soon as
possible after it is obtained through donation [3].

Blood donation has positive effects on individuals both
physically and psychologically. After blood donation, the
tissues and organs responsible for blood production are
activated, and new blood formation is supported; thus,
the renewal of blood cells is ensured. In addition, blood
donation has positive effects on reducing high-fat levels
in the blood. In addition, during each donation, donors'
blood is tested and screened for infections that can lead



to serious consequences, such as HIV (Human
Immunodeficiency Virus), Hepatitis B, Hepatitis C, and
syphilis [4]. The concept of blood donation is not limited
to the health sector and technical issues in our lives, but
can also be described as the result of the well-intentioned
behavior of donors. In a way, donating blood can be
associated with the hope of helping an organization,
society, or individual or with the concept of "sacrifice" as
a personality trait. For this reason, blood donation is one
of the basic building blocks of the health system. [5].

Blood donation is an essential element of public health
and is subject to strict standards to protect the safety and
well-being of donors and recipients. The World Health
Organization (WHO) recommends establishing a blood
supply system that is coordinated at the national level and
supported by a strong legal framework. The challenges
of the pandemic have highlighted the decline in donor
participation and the importance of storage technologies
for the sustainability of the blood supply. Methods such
as education in schools, social media campaigns, and
facilitating donation experiences are essential to reach
young donors. Thus, by ensuring a sustainable blood
supply chain, the resilience of the health system against
crises can be strengthened [6].

This study aims to determine and evaluate the most
appropriate strategy by weighting the appropriate criteria
in order to meet the demand for blood and blood produg
that may occur in Tiirkiye. The timely and sufficie
supply of blood and blood products, which are of critica
importance for the sustainability of health syste
strategic necessity in terms of both preserving i
quality of life and preventing public healt

importance. In this context,
strategies for meeting the d
products should be determ
such as the adequacy 4of fexisting
storage capacity, logi iliti
level. This study Laig
with a multi-cpi
AP and Pythagorean Fuzzy
a0, integrated manner in order to

in Tirkiye. )1s aimed to go beyond the repetition
of general infovation and focus on the weaknesses of
the blood donation system and develop a scientifically
based, applicable decision support model. Since it is
challenging to meet this wide range of needs, the
importance of blood donors increases significantly. With
this study, regular blood donation will be encouraged,
and the optimization of the supply processes of blood and
blood products will be provided.

The study aims to evaluate all stages, from blood
donation processes to storage and delivery to hospitals,
by determining appropriate criteria and alternatives and
using Pythagorean Fuzzy Logic in order to optimize
blood donation and product management. In addition, the

study emphasizes that blood donation is an indispensable
element for the health system by drawing attention to the
fact that blood and blood products are a critical and
continuous need. In this context, the aim is to increase the
amount of donations by developing different strategies.

The study has broad effects, such as meeting the demand
for blood and blood products most efficiently, increasing
donation levels, keeping inventory levels at a critical
threshold, reducing costs, and encouraging solidarity in
society. In line with these strategies, it aims to establish
a balanced donation-management mechanism on a
national scale for the sustainable supply of blood and
blood products by using Pythagor,
(Analytical Hierarchy Process) and
TOPSIS (Technique For Order Prefere

swers will be sought
hould be followed in

m falling below the critical
is study aims to avoid problems
lood product waste, shortage, and

OOD AND BLOOD PRODUCTS

d has been seen as the primary symbol of health and
life throughout history, and in modern medicine, it has
been accepted as a vital medicine that can only be
obtained from humans [5].

Blood, the only liquid tissue in our body, is pumped when
it reaches the heart and continues to circulate in the veins.
Blood has an essential regulatory role in order for the
body to maintain its vital functions. It helps maintain the
acid-base balance of body fluids, allowing cells to
function under optimum conditions. It also balances the
density of cell and tissue fluids, thus regulating the
exchange of substances between the internal and external
environments of cells. Blood keeps body temperature at
a constant level, ensuring that the organism maintains a
balanced temperature and that metabolic processes
continue healthily. This regulatory role is of critical
importance in maintaining the general health of the
organism and in ensuring that systems work in harmony
[71.

Blood and blood products are one of the most vital
elements of modern medicine and play a critical role in
healthcare. Blood plays an important role in transporting
oxygen and nutrients throughout the body, removing
waste products, and in the immune system's defense
mechanisms [8]. In addition, different components of
blood, such as plasma, platelets, erythrocytes, and white
blood cells, are used as vital resources in various medical
interventions. The provision of blood through donation is
indispensable for the continuity of health systems. Blood



and blood products are used not only in emergencies such
as accidents, surgeries, and birth but also in long-term
treatment processes such as cancer treatments, heart
diseases, and chronic diseases [9]. Therefore, regular and
sufficient blood donation is of great importance for
public health. However, the supply and management of
blood face many challenges. First, blood and blood
products are based on a limited resource. It is necessary
to continuously increase blood donations worldwide
because the storage period of blood is limited, and it is
not always possible to guarantee that there is enough
blood [10]. In countries like Tiirkiye, the decrease in
blood donations, especially during holiday periods or
disasters, can become a critical problem. Therefore,
regularizing blood donations is of great importance for
the sustainability of blood inventories. The management
of blood products also requires great care. Errors that
may occur in the collection, processing, storage, and
distribution of blood can pose vital risks [11].

For example, giving the wrong blood group can lead to
serious complications in the patient. Therefore, it is
essential to provide appropriate conditions during the
transportation and storage of blood and blood products.
In order to manage blood donations effectively, it is of
great importance to develop the best inventory
management strategies and to deliver blood to those in

need on time and correctly. O

In conclusion, blood and blood products are th
cornerstones of the health system and manage ent
Donation campaigns and public awareness actiyf
this area play a critical role in saving lives. T
being more conscious and sensitive about blood
as a society is extremely important f
health systems.

2.1. Blood Donation Process

ase history, etc.) are checked.
2. Blood Te #Donated blood is tested for diseases
such as HIV, hepatitis, and syphilis.

3. Separation of Blood Components: The resulting
blood is separated into its basic components such as
plasma, platelets, and red blood cells.

4. Storage: Blood products are stored at certain
temperatures and conditions.

5. Distribution: Delivered to hospitals and health
institutions.

2.2. Supply Chain Management of Blood and Blood
Products

The constant need for blood and blood products
necessitates effective supply chain management.

Maintaining critical inventory levels and optimizing
transaction costs are the main objectives of this system.
The following factors shape supply chain management
[13].

1. Critical Inventory Level: Because blood products
have a limited shelf life, inventory levels must be
constantly monitored.

2. Distribution and Access: Blood must be delivered to
the areas in need and on time.

3. Donor Management: Implementation of programs
that encourage donors to increase blood donation.

4. Cost Optimization: Strategies are deyeloped to reduce
storage, distribution, and testing costs:

3. LITERATURE REVIié

needed continuously,
liquid tissue circulatt
for humans. BI i to two parts: red and
so shows that their areas of

Wle the red parts are used in cases

ore, blood donation and management
lood products are of great importance.

prod ts. The components of blood that undertake this
task and the effects of these components on human
health are among the subjects that have been researched
in the medical world for many years. When studies in the
literature were examined, the prominent studies were
compiled, and a literature review was obtained.

In their study, Ko¢ and Kokangiil [11]. analyzed the
process from blood donation to testing and separation
before being given to the patient, examined the
distribution to the relevant health institutions, and
simulated the process. Randa et al. [14] examined the
blood supply process in the Central Anatolia Region and
offered suggestions such as opening regional blood
centers and reorganizing inventory policies. In their
study, Goray and Peker [8] examined the transfusion
process of blood taken from donors in detail.

Gillespie and Hillyer [15] studied the characteristics of
blood donors in their studies conducted in the United
States. They evaluated strategies to increase donor
motivation and organize donation processes. They
developed more effective blood donation methods by
ensuring donor continuity. Tezcan [16], focused on
transfusion complications and costs and proposed a new
approach by compiling existing methods in this field.
Kiigtiktas et al. [17] focused on the inadequacy of access
to blood and blood components at the time of need and
the shortage of volunteer blood donors and made
evaluations on the use of blood in clinics. Blood and
blood products should be quickly provided and
accessible when needed. These products consist of white



blood cells, erythrocytes, plasma, and platelets, and the
most needed component is erythrocytes. Sengil [18] has
examined the issues of blood perishability, uncertainties
in demand, and the separation of erythrocytes into
different groups. In the supply process, the health status
of the donor is first evaluated, and the blood taken from
the donor is subjected to certain tests. In order to meet the
demand for blood and blood products needed throughout
Tiirkiye, sufficient donations must be made.

Cevizci et al. [10] discussed the psychosocial factors
affecting voluntary blood donation and blood donation
behavior. However, the critical inventory level is 20,000
units, and the sustainability of this level cannot be
ensured. Sojka and Sojka [19] examined donors'
motivations for giving and the difficulties they face when
donating. While the first motivations for giving were
friend influence and appeals made through the media,
altruism was determined as the most common reason for
continuous giving. It is emphasized that methods such as
friend referral are effective for first donors, and strategies
such as information and strengthening donor identity are
effective for regular donors. Gokler and Boran [20]
aimed to develop a stochastic inventory model that
optimally estimates the demand for blood components
and minimizes the costs of the blood bank.

Kaya [9] drew attention to the aim of his study, which
was to determine the knowledge level and practigg
regarding blood and blood product transfusion ang
transfusion complications. 255 volunteer nyrse
participated in the study, and the knowledge lge

Spearman correlation analysis was
evaluation.

Hobel [21] drew attention to the

fes such as demographic
dtients, reasons for transfusion,

problems that Come with the increase in our country's
population. The importance of blood and blood products
in treating these increasing problems is too great to
ignore. For this reason, they have drawn attention to
issues such as giving frequent seminars, raising
awareness of personnel, and developing equipment to
increase the number of volunteer donors in the donation
process of blood and blood products.

Kavak [22], the most critical problem in our country is
not being able to provide safe blood. The inadequacy of
voluntary blood donation and the wrong beliefs and
attitudes of the public are the causes. They have

examined the reasons that keep society away from
donating and determined their level. As a result, they
have reached a sufficient level of voluntary blood
donation and actively achieved its sustainability by
increasing the number of voluntary blood donors.

If the demand for blood and blood products cannot be
met, human life is at risk, and the processes need to
proceed faster than they are. Because blood is not an
urgent need but a constant need, the research project to
be conducted will focus on how the demand for blood and
blood products can be increased. If this demand cannot
be met, it is seen that the life expectancy of patients may
be shortened, their quality of life may decrease, and their
treatment processes may be prolongedNgor this reason,

the problems that may be encgunter the supply
process of blood and blo b§evaluated,
and appropriate strategid® w line with the

time @nd in the right place.
Whas been seen that no

strategie;ﬂ)
products

om the studies in the literature in
he demand for blood and blood

ture focuses on issues such as blood
rocesses, transfusion practices, logistics
distrution, stock management and donor behaviors.
2ver, there is no study on developing a
comprehensive decision-making model for developing a
holistic strategy to meet the demand for blood and blood
products in a sustainable way. This study, prepared based
on direct information received from the Turkish Red
Crescent, offers a strategic perspective by considering
not only technical processes but also socio-technical
factors such as donor behavior, ease of access and
sustainability. Another unique aspect of the study is that
alternative scenarios are evaluated with both quantitative
and qualitative data, and in this way, strategies are
presented that will contribute to increasing critical stock
levels as well as the level of awareness of society towards
donation. The study is original in this respect and
contributes to the literature. A study will be presented
that will address critical inventory levels of blood
demands while also creating awareness of social
consciousness and solidarity.

4. METHOD

The fuzzy set theory was put forward by Zadeh [23]. The
subject discussed in the study may produce different
results depending on uncertain situations and scenarios.
In this case, evaluations will be made by applying fuzzy
logic sets. Fuzzy logic is needed to evaluate qualitative
and quantitative criteria in uncertain situations where
decisions cannot be made with definite values. Intuitive
fuzzy sets, presented by Antanassov in 1986, are based
on both the membership and non-membership degrees of



an element in a fuzzy set. While the sum of the
membership and non-membership degrees in classical
fuzzy sets is always 1, this sum should be less than or
equal to 1 in intuitional fuzzy sets. It is based on the idea
that there may be a degree of hesitation in real-life
examples where the non-membership degree of an
element is not always equal to a 1-membership degree
[24].

The strategy determination process for blood and blood
products has a complex structure that includes multi-
criteria decision-making dynamics and is shaped by
uncertainties. In this process, there are both subjective
uncertainties in the evaluations of decision makers and
uncertainties arising from the nature of the criteria and
alternatives. For this reason, the decision-making process
is addressed within the framework of fuzzy logic. In
order to evaluate the uncertainties of decision makers
more accurately and effectively in the study, it was
decided to use Pythagorean Fuzzy AHP and Pythagorean
Fuzzy TOPSIS methods together. In this study,
appropriate criteria will be determined using Pythagorean
Fuzzy AHP and Pythagorean Fuzzy TOPSIS methods,
and strategies suitable for these situations will be
developed. The integration of Pythagorean Fuzzy AHP
and Pythagorean Fuzzy TOPSIS within this specific
context offers a methodological contribution by
addressing the complex and uncertain nature of strategi®
decision-making in blood product management. Tnig
approach provides an enhanced decision-makin
framework that has not been extensively expl i
previous studies.

A

interrelated groups aims to make them easier to solve.
Pythagorean Fuzzy AHP offers a more realistic, more
objective, and subjective approach by modeling these
uncertainties [26].

The first step of the method is to determine the problem
to be decided and the criteria affecting this problem.
These criteria are organized in a hierarchical structure.
Afterward, the relationships between these criteria and
the evaluation of the alternatives according to these
criteria are made. These evaluations are carried out using
fuzzy numbers instead of crisp numbers. Fuzzy numbers
are used to express uncertainties [27] better For example,
while it may be said that a criterion jg “essential,” this
statement can be expressed more clé! with a fuzzy
number. After this stage, the wej i

terion is more
important for the d after all the

calculations, general

uzzy AHP methodology, including
alues, uncertainty levels, and the final

e decision problem is modeled. Target criteria
Iternatives are determined. As a result of the
mirlvise comparison between each criterion or
alternatlve the matrix A = (ry;,)mxm (1) is created, and
the decision matrix is obtained through the group

Table 1. Notations Used in the Pythagorean Fuzzy AHP Method

Notations Description

A = (ry)mxm

Pairwise comparison matrix for criteria or alternatives

My, Lower membership degree of criterion i with respect to criterion k
My, Upper membership degree of criterion i with respect to criterion k
Vi, Lower non-membership degree of criterion i with respect to criterion k
Vi, Upper non-membership degree of criterion i with respect to criterion k
dy, Lower difference value between two criteria

dig, Upper difference value between two criteria

d; Lower difference result used in multiplicative matrix calculation

dy Upper difference result used in multiplicative matrix calculation

Sik, Lower value in the multiplicative matrix S

Siky Upper value in the multiplicative matrix S

h; Uncertainty level between criteria i and k

tir Unnormalized weighted value for criteria pair i, k

T = (t;)mxm Matrix of unnormalized weighted values
w; Final normalized weight of criterion i

4.1. Pythagorean Fuzzy AHP Method

When making decisions, we usually encounter
uncertainties and subjective evaluations rather than exact
numbers [25]. Dividing these uncertainties into

evaluation of the individual opinions of the experts.

3. After the comparison matrix is created, the D =
(dy)mxm (2) difference matrix is created using



Equations 3 and 4 when determining the differences
between the two criteria.

di, = M, = Vik, €)
dir, = Mi, — Vik, (4)

4. The multiplicative matrix S = (s;)mxm (5) is
calculated using Equations 6 and 7.

Sie, = V10009L (6)
Sty = V100090 @)

5. Uncertainty levels are calculated as given in Equation
8.

hy =1- (Mizky - Misz) - (Viiu - ViiL) (8)
H = (hy)mxm 9)

6. Unnormalized weighted values T = (t;,)mxm (10)

are calculated with Equation 11.
Siky; +Si

tp = (%) ik

7. The criteria weights w; are finalized using Equality
12, and the final preference ranking is obtained.

(11)

_ T
w; = Z;,;rz}n:lvvi (12)
4.2. Pythagorean Fuzzy TOPSIS Method ..

Pythagorean fuzzy TOPSIS is a method developed b
Hwang and Yoon in 1981, and it is used in multi-cigeri
decision-making (MCDM) problems.

N

This method combines the Pythagorean fuzzy set theory
with the traditional TOPSIS method. Pythagorean fuzzy
sets allow for a more flexible representation of
uncertainty and fuzziness [29]. Thus, it ranks the
alternatives by evaluating their proximity to the ideal and
negative ideal solutions. Areas of use include decision-
making processes such as supplier selection, project
evaluation, performance analysis, and strategic planning.
The basic stages of Pythagorean fuzzy TOPSIS begin
with the creation of the decision matrix. After
determining the criteria weights, fuzzy ideal and negative
ideal solutions are defined. The proximity values of the
alternatives to the ideal solution are cglculated, and the
alternatives are ranked. This method rs an effective
solution for decision problems involvin
makes the job of decision-ma i

as follows [31]:

1. To enhance the
mathematical formulat
notations é"
Pythagoman

in this study, all
ployed in the proposed
PSIS method are summarized in
the variables, parameters, and

e decision matrix is obtained using Equation 13.

Table 2. Notations Used in the Pythagorean Fuzzy TOPSIS Method

Notations Description
X The i-th alternative, wherei = 1,2, ...,m
C; The j-th criterion, where j = 1,2, ...,n

R = (Cj ()

The Pythagorean fuzzy decision matrix

A Pythagorean fuzzy number (PFN) representing the evaluation of alternative x; with
Vik, respect to criterion C;, where u;; is the degree of membership and v;; is the degree of

non-membership

w;j, Vi) Degree of membership and non-membership for alternative x; under criterion C;
Ty Hesitation degree for the PFN, calculated as r;; = |1 — u;;? — v;;2
x* The ideal solution vector
x The negative-ideal solution vector

P(u},v?) Ideal PFN for c_riterion C;, where u and 1_7]-" are the maximum membership and minimum
non-membership degrees among alternatives

w;j The weight of criterion C;

Dy, x+ The distance of alternative x; from the ideal solution

Dy, x) The distance of alternative x; from the negative-ideal solution

D max(x;xt)

normalization)
Dmin(x,-,x’)

§(xy)

normalization)

The maximum distance between alternative x; and all negative-ideal solutions (used for
The minimum distance between alternative x; and all ideal solutions (used for

The similarity measure (relative closeness) of alternative x; to the ideal solution




R= (Cj(xi))mxm =

Pu11ﬂ’11 Pu12ﬂ’12
P P

Puln.vln \
Uz1,Y21 U22,V22 PHZn.Vzn

13)

Pumlr"ml PumZvaz Pumnvvmn
4. Pythagorean Fuzzy Ideal and Negative-ldeal

solutions are determined by Equations 14 and 15.

x* ={C, maks;(s(C;(x)) j = 1,2,...,n} =
{(Cl,P(uIva)),(Cz,P(uér,vi)),---,(Cn,P(u?LvJ))(} )
14

x~ ={C,min(s(C;(x)DNI j =1.2,..,n} =

{(Cl' P(ul_' 171_)), (CZ' P(uz_’ U;)), ey (Cnt P(ur_l' vn_)>}
(15)

5. For the Pythagorean Fuzzy method, the degree of
hesitation is calculated as in Equation 16.

— 2 2
T[i]' —,[1 —ui]' —vi]'

6. The distances of each alternative to the ideal solution
and the negative-ideal solution are calculated using

Equations 17 and 18. ..

(16)

Dy xty = Lj=1w;d((G(xy), Ci(x ™)) =

Iy wi ([ wip)? = @]+ |w)? = w2

|(mi)? — (ﬂj*)zl) (17
Dy xmy = Teawid((Ci(x), Ci(x7)) =

23 wi(|wp)? — W3] + | (vy)?

|(mi)? — (ﬂ,-‘)zl) (18)

Bpproach incorporates
in decision makers'

of the squares §the membership and non-membership
degrees to be less than or equal to one, as shown in
Equation 16. This provides a more flexible framework
for representing human judgment under uncertainty and
results in more reliable and realistic decision-making
results [33].

Dixyxt

Dinin(xjxt)

§r) = i)~

Dmax(xpx™)

(19)

8. The alternatives are ranked according to their
similarity values and ends by determining the best
ranking of the alternatives.

5. FINDINGS
5.1. Problem Definition

An application was carried out for the needs and supply
processes of a blood donation organization providing
service throughout Tiirkiye. Data regarding blood
donations were collected and analyzed on-site. In the
study, six criteria affecting the donation process were
weighted with the Pythagorean Fuzzy AHP method in
order to improve blood donation and inventory
management processes. Then, four alternative strategies
suggested to increase the donation amount were
prioritized using the Pythagorean Fuzzy TOPSIS
method. These methods provided mogé effective results

strategic roadmap was creat
amount and maintain in®nto

ves and strategies by

using a gr@u ing approach and provided
the neceSBary s the AHP and TOPSIS methods.
The deci matrijwas decided together with the group

with the individual opinions of the
al evaluation was made using one of

data ghtain li
e @ hnd th
the iigria decision-making methods. Information

Table 3. Experts' Professions and Experience

Expert Profession Experience(Years)
1 Engineer-Academic 25
2 Turkish Red Crescent 15
Employee
3 Engineer-Academic 10
4 Health Specialist 10
5 Engineer 2
6 Engineer 2

about the experts is shown in Table 3.
5.2. Criteria

The study's criteria were created after a literature review.
The criteria determined to meet the demand for blood and
blood products are "Target Audience Suitability (TAS),"
"Impact Potential (IP)," "Cost Effectiveness (CE)," "Ease
of Implementation (EI)," "Stakeholder Support (SS),"
and “Sustainability (SUS)." Table 4 explains the criteria.

5.3. Alternatives

The alternatives included in the study were created after
a literature review. The criteria determined to meet the
demand for blood and blood products are "Awareness
Campaigns (AC)," "Target Audience Oriented Approach
(TAQA)," "Easy Accessibility (EA)," "Incentive and
Reward System (IRS)," and “Sustainable Approach
(SA)." Explanations of the criteria are given in Table 5.



Table 4. Criteria

Criteria

Target Audience Suitability (TAS): Every strategy should be
shaped according to the needs and characteristics of a specific
target audience. For instance, the behaviors and interests of
groups such as youth, students, or professionals differ. This
criterion clarifies which audience a strategy is designed for and
evaluates its accessibility [33].

Impact Potential (IP): As increasing blood donation is the main
goal of the project or strategy, this criterion is critical for
evaluating the strategy's direct contribution to the objective.
Sustainable increases in donation rates are necessary to provide
lasting improvements rather than temporary solutions. This
criterion considers both the short-term and long-term effects of
a strategy [34].

Cost Effectiveness (CE): This criterion evaluates whether a
strategy is feasible within the available budget and resources. It
prioritizes strategies that have the potential to use resources
more efficiently [21].

Ease of Implementation (EI): Ease of implementation facilitates
quicker results by minimizing the challenges a strategy may
encounter in practice. Strategies aligned with existing resources
avoid additional costs and time loss. Shaping the strategy
according to current capacities allows the organization to set
realistic goals [35].

Stakeholder Support (SS): The support provided by various
stakeholders ensures the necessary resources and logistical
arrangements. Strategies that gain widespread stakeholder
support lead to greater public acceptance and increased
awareness. Stakeholder support plays a critical role in reaching
a broader audience and ensuring the synchronized actions of
different parties [36].

Sustainability (SUS): Sustainability is essential for achieving
not only temporary but also consistent and widespread success.
Strategies that produce long-term results continue to be
effective  without requiring repeated implementation.
Sustainable strategies build trust within the community and
encourage individuals to become regular donors. Structures that
can be updated and improved quickly address deficiencies
identified during the implementation process, leading to more
successful outcomes [8].

Alternatives

Target Audience-Oriented Approach (TAOA): To raise
awareness about blood donation, activities are organized for
specific groups such as young people, students, and
employees. Regular donation events are arranged in
collaboration with universities, companies, and public
institutions. This approach aims to increase donation rates
through campaigns tailored to the needs and habits of the
target audience [37, 41].

Ease of Accessibility (EA): Blood donation centers located in
city centers, hospitals, and universities are more accessible to
donors. Mobile blood donation units extend services to
different regions, further enhancing donors' accessibility.
Online appointment systems and informational applications
make the donation process more organized and user-friendly
[11].

Incentive and Reward System (IRS): This system aims to
encourage blood donations by offering various rewards,
discounts, or gifts to donors. Special privileges are provided
to regular donors to foster a long-term donor base.
Additionally, institutions and employees involved in blood
donation are rewarded, increasing social encouragement [38].

Sustainable Approach (SA): Regular communication and

follow-up encourage donors to donate again. Feedback from

donors is taken into account to improve the donation

experience. Through the use of technology and innovation,

W the blood donation system becomes more efficient and
sustainable [1,9,40].

4

yWeighting of Criteria with Pythagorean Fuzzy
AHP

First, the study determined the criteria affecting the
demand for blood and blood products. The decision-
makers evaluated these criteria using the linguistic
variable scale in Table 6, and the decision matrix was
obtained.

Table 6. Pythagorean Fuzzy AHP Linguistic Variables [38]

Linguistic Variables Pythagorean Fuzzy Numbers

HL Hy VL VL

A XX w
Table 5. Alternatives

Absolutely Low Importance

(AL) 0,9 1 0 0

Very Low Importance (VL) 0,8 0,9 0,1 0,2

Alternatives

Low Importance (L) 0,65 0,8 0,2 0,35

Awareness Campaigns (AC): Awareness campaigns aim not
only to encourage a single donation but also to create a lasting
blood donation culture and foster a mental shift in society.
These campaigns focus on raising awareness about the vital
importance of regular blood donation for the healthcare system.
Using communication channels such as social media,
television, and radio, they share impactful and informative
content to increase public interest in blood donation. By
emphasizing that the need for blood is continuous and that every
donation can save lives, these campaigns aim to boost donation
rates [8].

Below Average Importance

(BA) 0,45

05 045 0,55

Equal Importance (EQ)

Average Importance (A) 0,45 0,55 0,45 0,55
Above Average Importance

(AA) 03 045 055 0,65

High Importance (HI) 0,2 0,35 0,65 0,8

Very High Importance (VH) 0,1 0,2 0,8 0,9

Absolutely High Importance

(AH) 0 0 0,9 1

0,1965 0,1965 0,1965 0,1965



In the decision matrix obtained by jointly determining the
decision makers in Table 7, the Pythagorean fuzzy AHP
formulas were applied, respectively, and the criteria
weights shown in Table 8 were obtained.

Table 7. Pythagorean Fuzzy AHP Decision Matrix
Decision

Variables TAS | IP | CE | EI | SS | SUS
TAS EQ L | VL A | AA
IP HI EQ | VL A HI
CE VH | Hl | EQ | AA| HI | VH
El H |AA| L | EQ | AA| HI
SS H | AA| A L | EQ | HI
SUS L L [VL| L L EQ

Table 8. Pythagorean Fuzzy AHP Criteria Weights

Criteria Criteria Weights

SuUs 0,3299230

TAS 0,2825416
IP 0,2255435

SS 0,0765230

El 0,0714041

CE 0,0140647 ]

~

sustainability is the most important criterion. T
criteria are Target Audience Suitability, Impact
Stakeholder Support, and Ease of Implementa

weighted
ity of the

not only today but also at
strategies to be implemgnte
sustainability.

values seen inyPable 9, decision-makers evaluated all
alternatives, and the decision matrix was obtained.

The decision matrix created by the decision makers based
on the Pythagorean fuzzy linguistic variables in Table 9
is presented in Table 10. The linguistic variables in this
table were determined through the joint evaluation
process of a group of six experts.

In this study, AHP and TOPSIS methods were used in an
integrated manner. First of all, the criterion weights were
obtained with the Pythagorean Fuzzy AHP method.
These weights were directly used in the Pythagorean
Fuzzy TOPSIS method stage, which was created based
on the decision matrix. In particular, in equations 17 and

Table 9. Pythagorean Fuzzy TOPSIS Linguistic Variables
[28]
Pythagorean Fuzzy Numbers
u y

Linguistic Variables

Extremely Low (EL)

0,1 0,99
Very Little (VL) 0,1 0,97
Small (S) 0,25 0,92
Medium Small (MS) 0,4 0,87
Medium (M) 05 08
Medium-High (MH) 0,6 0,71
High (HI) 0,7 0,6
Very High (VH) 0,8 0,44
Extremely High (EH) 0,1 0

Table 10. Pythagorean Fuzzy TOPSIS Decision Matrix

Strategies | TAS | IP CE El SS | SUS
AC MH HI HI M HI MH
TAOA EH HI MS HI HI HI
EA HI VH M VH S HI
IRS MH | VH | VH MS HI MH
SA S M HI M HI EH

e distances of the alternatives to the positive

erion were included in the formula as a multiplier.
Thus, the total distance of each alternative was weighted
to reflect the relative importance of the relevant criterion
in the decision process. Thanks to this integration, the
criterion priorities determined with the AHP method
were directly reflected in the TOPSIS ranking structure,
and a more consistent and reliable multi-criteria decision-
making model was obtained.

The reason why the similarity values (Table 11) in the
Pythagorean Fuzzy TOPSIS results appear as negative is
primarily due to the structure of the similarity coefficient
formula used in the method. In this approach, the
similarity value is calculated as the difference between
the normalized distance to the negative ideal solution and
the normalized distance to the positive ideal solution.

In the ranking obtained as a result of Pythagorean Fuzzy
TOPSIS, the highest alternative was found to be Easy

Table 11. Pythagorean Fuzzy TOPSIS Ranking of
Alternatives Results

Ranking | Alternatives &(x;p)
1 EA -0,042238668
2 IRS -1,953568302
3 AC -2,749455546
4 TAOA -6,187218481
5 SA -12,19330967




Accessibility. Then, the alternatives are an Incentive and
Reward System, Awareness Campaigns, Target
Audience Approach, and Sustainable Approach. The
process of reaching the donor while donating blood is the
most critical process experienced in order to meet the
blood demand. The donor must have easy access to blood
banks, hospitals, or mobile donation points. For this
reason, it is seen that it is determined as the most crucial
alternative in the ranking. With the incentive and reward
system strategy, the motivation of the donor to donate
blood can be supported, and donation rates can be
supported to the same extent.

5.6. Sensitivity Analysis

In order to evaluate the consistency of the obtained
model, a sensitivity analysis was conducted. For the
sensitivity analysis study, 15 different scenarios were
created by pairwise swapping the weights of the six
criteria used in the model. The criteria used in the study
were labeled as shown in Table 12 for the sensitivity
analysis calculations.

Initially, the weight of criterion C1 was replaced with that
of C2, and the resulting change in the ranking was
recorded.  Subsequently, all possible pairwise
combinations of the criteria were evaluated in sequence,
and rankings were obtained for each scenario. Following
these changes, the sensitivity of the criteria was analyze@
using the Pythagorean Fuzzy TOPSIS method. Tée
results of the sensitivity analysis are presented in Tabl
13.

There was no significant change in the rankings gifter t
combinations created. The EA alternative wasjranke

alternative came last in all except the
Similarly, the TAOA alternative w

obsgrved that there

N of the other

scenarios out of 15 scenarigs.
were some changes in§the ral

Table 12. Criteria and Labels

Criteria Label
TAS C1
IP C2
CE C3
El C4
SS C5
SuUsS C6

alternatives except for the TAOA ang( SA alternatives.

en the 15 different
mined. This supports the
ility of the obtained model. In
EA alternative was ranked first

cept for one scenario (scenario 12) reveals
weakness of this alternative.

act that the TAOA alternative is mostly ranked
and that this position changes only in a few
scenarios shows that the place of this alternative in the
ranking is relatively stable. On the other hand, although
some position changes were observed in other
alternatives except EA, these changes were generally in
the form of replacing the alternative in the previous place
and their effect on the results was limited. This also
reveals that the changes made in the criterion weights did
not fundamentally affect the general structure of the
model.

Table 13. Sensitivity Analysis

Sensitivity Analysis

1
0 Current Ranking EA

/ 1 C1-C2 AC
2 C1-C3 IRS

3 C1-C4 EA

4 C1-C5 IRS

5 C1-C6 EA

° 6 C2-C3 IRS

s 7 C2-C4 EA

g 8 C2-C5 IRS

» 9 C2-C6 EA

10 C3-C4 EA

11 C3-C5 EA

12 C3-C6 IRS

13 C4-C5 EA

14 C4-C6 EA

15 C5-C6 IRS

Ranking
2 3 4 5
IRS AC TAOA SA
TAOA EA IRS SA
AC EA TAOA SA
TAOA IRS AC SA
AC TAOA EA SA
IRS AC TAOA SA
EA FK TAOA SA
AC IRS TAOA SA
EA AC TAOA SA
IRS AC TAOA SA
IRS AC TAOA SA
IRS AC TAOA SA
AC EA SA TAOA
IRS AC TAOA SA
IRS AC TAOA SA
AC EA TAOA SA



As a result, the findings obtained with the sensitivity
analysis show that the model is usable in the decision-
making process and that the decision structure maintains
its stability under different criterion weightings. This
supports the reliability of the Pythagorean Fuzzy TOPSIS
method used.

6. DISCUSSION AND CONCLUSION

Blood donation is undeniably essential for human life.
Regular donations should be made, and the demand for
blood should be met at any time when needed. The study
aims to increase the blood inventory level and meet the
demands by developing strategies and alternatives that
will meet the demand for blood and blood products. In
light of information received from blood donation centers
in Ankara and expert opinions, appropriate criteria and
alternatives were determined, and evaluations were made
according to the needs. The study covers the whole of
Tiirkiye, and the application stages can be applied to all
regions.

The study aims to facilitate access to blood and blood
products and develop strategies to increase blood
donations. This study was evaluated in a fuzzy
environment, and criteria were determined using
Pythagorean fuzzy methods. In the study, six experts
participated in the evaluation process of the determined
alternatives and strategies. Utilizing a group decisidh
making approach, the experts individually assessed th

selected  multi-criteria  decision-maki
Alternatives were listed. When the ik
taken into consideration, the crijexi

crises or systemy€ disruptions. Thus, the findings not only
support theoretical strategy models but also offer
practical input for policy-makers aiming to enhance
health system continuity.

Dizer and Demirpek [34] stated in their studies that the
decrease in blood supply is due to reasons such as
difficulties in finding donors and reaching blood
collection units, fears about infectious diseases,
reluctance of donation teams, and the spread of panic
regarding the risk of infection in society. In disaster
situations such as pandemics, the preparation of blood
supply plans and the protection of the reliability and
suitability of blood should be the main goal. A sudden

increase in blood demand or a decrease in blood support
can seriously affect the blood banking system.
Insufficiency of blood donors, interruptions in blood
collection processes, or a combination of both situations
can cause disruptions in the blood supply system.

Gasparovic Babic et al. [6] emphasized in their studies
that in order to encourage blood donation, the behavior
and motivations of donors must first be understood, and
a sustainable blood donation strategy can be achieved in
this way. These programs support the resilience and
continuity of the health system and monitor donor health.
They state that while technological developments
improve blood supply, the effects of grises such as the
aging population and COVID-19 havi uced donation
rates. Therefore, they emphasize education,
awareness campaigns, ang
be used to gain young@gerie
donors.

In this context, our fi

tural dimensions into
uctural accessibility is a
, success also depends on
essing motivational drivers,
and public perception—an

i a particular general perspective. The conditions and
difficulties in the transfusion process are generally
addressed in blood and blood products, and this study
will contribute to the literature in meeting the demand for
blood products.

The criteria considered in the study are target audience
suitability, impact potential, cost-effectiveness, ease of
implementation, stakeholder support, and sustainability.
It was observed that the criterion with the lowest weight
was cost-effectiveness. This criterion aims to establish a
meaningful balance between the increase in the number
of donations and the cost spent. In cases where strategies
need to be implemented with limited budgets and
resources, cost-effectiveness plays an important role in
terms of sustainability and the long-term continuity of
projects. However, it can be concluded that other criteria
have priority over cost criteria because cost-effectiveness
is a criterion based on the analysis of environmental
impacts and donor profiles for collecting blood
donations.

The alternatives determined for the study are Awareness
Campaigns, Target Audience Focused Approach, Easy
Accessibility, Incentive and Reward System, and
Sustainable Approach, and the alternative that came out
on top was Easy Accessibility. Locating blood donation
centers in city centers, hospitals, and universities ensures
that donors can easily reach these points. The dense
population and transportation networks in city centers
prevent loss of time for donors and speed up the donation



process. The fact that mobile blood donation units go to
different regions makes access even more
straightforward. Mobile units allow reaching various
segments of society, especially in remote settlements.
Since mobile units can provide service in a particular
region for a short time, they offer a practical solution for
those who want to donate. Providing easy accessibility
will play a critical role in increasing the continuity and
regularity of blood donation. This result is an indication
that it is essential to provide suitable conditions and
environments for donors to donate. Therefore, the
process by which institutions and organizations that
collect donations reach donors should be managed
healthily as a priority.

To implement this strategy effectively, health authorities
and policymakers should prioritize establishing
permanent and mobile donation units in densely
populated areas, integrate digital appointment systems,
and develop regional transportation supports that
facilitate access to donation centers. Additionally,
collaborating with universities, public institutions, and
private sector actors may further enhance regional
outreach and participation.

The alternative to the incentive and reward system comes
second. The volunteering of the donor is essential in
increasing blood donation. Working on incentive and
reward systems by considering criteria such as doRg
profile, cultural factors, and regional factors will have
positive effect on increasing blood donation. Moregve

planning frameworks.

All determined strategies and criteri
experienced and possible to be
blood donation process were
results were presented. Thes
implications for health
national and regional

ility of essential health
study presents strong
it is important to acknowledge

certain li he research is based on expert
evaluations a ional inputs from Ankara, which may
limit its generafizability. Future studies could broaden

expert diversity and consider dynamic simulation-based
modeling to assess strategy impacts under different crisis
scenarios.

The data obtained for this study, the criteria examined,
and the alternatives selected are adaptable to all regions
and are expected to offer a scalable solution. In this
context, the ability to apply the model in regions with
different socioeconomic and demographic characteristics
significantly increases the study's practical value.
Furthermore, these adaptable strategies will not only help
increase the number of donors but also strengthen

societal awareness and responsibility regarding blood
donation.
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