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Abstract: This study aims to provide healthcare managers with an analytical and systematic decision-support 

mechanism for medical technology investments. The evaluation of a Magnetic Resonance Imaging (MRI) system 

involves a complex decision-making process requiring the simultaneous analysis of conflicting and uncertain 

attributes such as cost, service and warranty conditions, software compatibility, patient comfort, and technical 

performance. To overcome the subjectivity in decision-makers' evaluations and the uncertainties in data, a fuzzy 

logic-based approach was adopted. The unique aspect of this study is the set of criteria developed through expert 

opinions in addressing uncertainties. In this study, criteria weighting was performed with Fuzzy SWARA, 

followed by an alternative assessment using the Fuzzy VIKOR algorithm. The data for determining criteria weights 

and evaluating alternatives were compiled through surveys based on the opinions of expert physicians working in 

the field. Analysis results revealed that image quality, total cost of ownership, service support, and patient comfort 

are the most fundamental parameters determining MRI device selection. For healthcare institutions to be 

sustainable, operating efficiently is a strategic requirement. Procurement processes for medical imaging devices, 

which are among high capital-intensive investments, necessitate decision-making mechanisms based on scientific 

methodologies due to their high costs and complex technical features. The Fuzzy SWARA and Fuzzy VIKOR 

methods used in this study are proposed as applicable and effective methods. 

Keywords: Decision Support Techniques, Fuzzy Logic, Fuzzy SWARA, Fuzzy VIKOR, Magnetic Resonance 

Imaging. 
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BULANIK SWARA VE BULANIK VIKOR MODELİ İLE MR CİHAZI SEÇİMİ  

Özet: Bu çalışma, sağlık yöneticilerine tıbbi teknoloji yatırımları için analitik ve sistematik bir karar destek 

mekanizması sağlamayı amaçlamaktadır. Manyetik Rezonans Görüntüleme (MRG) sisteminin değerlendirilmesi, 

maliyet, servis ve garanti koşulları, yazılım uyumluluğu, hasta konforu ve teknik performans gibi çelişkili ve 

belirsiz özelliklerin eş zamanlı analizini gerektiren karmaşık bir karar verme sürecini içerir. Karar vericilerin 

değerlendirmelerindeki öznelliği ve verilerdeki belirsizlikleri aşmak için bulanık mantık tabanlı bir yaklaşım 

benimsenmiştir. Bu çalışmanın benzersiz yönü, belirsizlikleri ele almak için uzman görüşleri aracılığıyla 

geliştirilen kriterler kümesidir. Bu çalışmada, kriter ağırlıklandırması Bulanık SWARA ile gerçekleştirilmiş, 

ardından Bulanık VIKOR algoritması kullanılarak alternatif değerlendirme yapılmıştır. Kriter ağırlıklarını 

belirlemek ve alternatifleri değerlendirmek için veriler, alanda çalışan uzman hekimlerin görüşlerine dayalı 

anketler aracılığıyla derlenmiştir. Analiz sonuçları, görüntü kalitesi, toplam sahip olma maliyeti, servis desteği ve 

hasta konforunun MRG cihazı seçimini belirleyen en temel parametreler olduğunu ortaya koymuştur. Sağlık 

kurumlarının sürdürülebilir olması için verimli çalışmak stratejik bir gerekliliktir. Yüksek sermaye yoğunluğu 

gerektiren yatırımlar arasında yer alan tıbbi görüntüleme cihazlarının tedarik süreçleri, yüksek maliyetleri ve 

karmaşık teknik özellikleri nedeniyle bilimsel metodolojilere dayalı karar alma mekanizmalarını gerektirmektedir. 

Bu çalışmada kullanılan Bulanık SWARA ve Bulanık VIKOR yöntemleri, uygulanabilir ve etkili yöntemler olarak 

önerilmektedir. 
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Rezonans Görüntüleme. 
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Introduction 

Healthcare institutions are among the leading sectors in the adoption of advanced 

technological systems. Rapid technological advancements, together with the increasing demand 

for healthcare services, compel healthcare organizations to continuously invest in high-tech 

medical equipment. Quality healthcare is a process that begins with accurate diagnosis and 

continues with appropriate treatment methods. However, health technologies represent some of 

the most significant costs that increase the investment and establishment expenditures of 

healthcare institutions (Ivlev et al.,2015:1). Due to these high costs, high-tech medical 

technologies are available in limited numbers within organizations. 

Magnetic Resonance Imaging (MRI), one of the medical devices used for imaging and 

diagnostic purposes in health institutions, is a high-cost technological product manufactured by 

a limited number of companies. The selection of any device for healthcare organizations -

especially when medical devices are concerned- is a strategic and critical decision-making 

process due to high investment costs and direct impacts on human health (Ivlev et al., 2015:1). 

The primary challenge in this process is the uncertainty and ambiguity faced by decision-

makers. The selection of technologically complex systems like MRI scanners necessitates the 

simultaneous evaluation of multiple conflicting criteria, such as technical specifications, 

operating costs, patient comfort, and safety. Therefore, MRI device selection is a decision 

problem that considers numerous criteria. Solving such problems, which involve conflicting 

and uncertain criteria measured by different scales, is difficult using classical decision-making 

methods.Consequently, this study proposes a decision model based on the fuzzy logic approach 

for MRI device selection. To address the numerous conflicting and ambiguous criteria, an 

integrated MCDM model utilizing Fuzzy SWARA and Fuzzy VIKOR is proposed. The model 

employs triangular fuzzy membership functions.  

Literature Review 

In the literature review, studies evaluating health technologies through fuzzy logic 

approaches remain scarce. Specifically, there is a notable absence of research that integrates 

both Fuzzy SWARA and Fuzzy VIKOR methods within the healthcare domain. Given the 

inherent uncertainties associated with high-tech medical equipment, evaluating Magnetic 

Resonance Imaging (MRI) technology using a fuzzy logic-based framework represents a 

scientifically robust approach. In the literature, there are few studies on the selection and 

evaluation of health technologies using fuzzy MCDM methods. Furthermore, no studies were 

found where SWARA and VIKOR methods were used specifically in the healthcare field with 

a fuzzy logic approach. However, it is observed that classical SWARA and VIKOR methods 

are used both together and separately in solving various decision problems. Similarly, Fuzzy 

SWARA and Fuzzy VIKOR methods have been used separately or together for the selection of 

machinery and equipment and for solving problems encountered in other fields.  

The inherent complexity and uncertainty in decision-making processes in the healthcare 

field have necessitated the use of MCDM methods (Karaca et al., 2025:1386). Fuzzy logic-

based methods produce more reliable results by incorporating the subjectivity of expert 

opinions and the uncertainty of data into decision models (Öztürk & Kaya, 2020:96). In 

healthcare management, the Fuzzy SWARA method is widely preferred for determining criteria 

weights, as it integrates the expertise and experience of decision-makers into the process 

(Eghbali et al., 2018:21). This method is used in different problems and subjects of healthcare.  

The Fuzzy VIKOR method, on the other hand, is specifically employed in healthcare to 

get a compromise solution among conflicting criteria (Gül, 2021:177). In strategic decisions 

like hospital place selection, it makes possible the determination of the most suitable location 

by modeling the uncertain judgments of experts with intuitionistic fuzzy numbers (Gül, 
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2021:177). The literature also features integrated models of the Fuzzy VIKOR method in 

supplier selection processes for hospitals and in the evaluation of robots to be used in hospital 

pharmacies (Kundu et al., 2022:2061; Dominguez & Carnero, 2020:10). 

Existing literature demonstrates the efficacy of fuzzy-based methodologies within the 

healthcare sector. For instance, Özdağoğlu et al. (2020) utilized the SWARA method to 

establish criteria weights for the selection of biochemistry hormone analyzers in a laboratory 

setting. It is emphasized that the PF-SWARA-VIKOR framework, developed within the context 

of fuzzy decision-making, can demonstrate high performance in medical device selection and 

general healthcare management scenarios(Rani et al., 2020). To evaluate hospital service 

quality, the importance weights of main criteria such as equipment, facilities, and accessibility 

were calculated using the Fuzzy SWARA method (Karaca et al., 2025). The SWARA method 

was also applied to prioritize criteria in the process of selecting the most appropriate 

pharmacological treatment for Type 2 diabetes patients(Eghbali et al., 2018). The Fuzzy 

VIKOR method was effectively used to measure the performance of services provided in 

hospitals in Taiwan and to create a compromise ranking among alternatives (Chang, 2014). 

Analyses conducted with the SWARA method for medical device selection -for instance, 

the evaluation of biochemistry hormone analyzers- have demonstrated that obtaining reliable 

blood results carries a significantly higher importance compared to factors such as cost 

(Özdağoğlu et al., 2020:371). Furthermore, the flexible structure of SWARA has been 

leveraged in ranking AI-based criteria in health tourism and prioritizing medical waste disposal 

methods (Basirat et al., 2025:534; Rani et al., 2020:1). In environmental health issues, such as 

the selection of medical waste sites, SWARA serves as an effective tool for weighting economic 

and social criteria (Ghoushchi, 2021:4). Some studies outside the healthcare field that have used 

fuzzy SWARA and fuzzy VIKOR methods include: supplier selection (Akyüz, 2012; 

Gezmişoğlu et al., 2023); Personnel selection issues (Öztürk & Kaya, 2023); hospital location 

selection (Gül, 2021); project evaluation (Eski & Araz, 2021); water resources planning 

(Opricovic, 2011); solar panel selection (Rani et al., 2020) and financial performance evaluation 

(Terzioğlu et al., 2022). 

The selection of Magnetic Resonance (MR) devices is of critical importance in modern 

radiology due to their radiation-free nature and advanced technological capabilities(Kundu et 

al, 2020: 2060). In the selection of these devices, numerous conflicting criteria—such as 

purchase price, magnetic field strength, technical proficiency, patient comfort, and maintenance 

costs—are evaluated simultaneously (Kulak et al., 2015:938; Köksalmış et al., 2018:531). 

During the renewal and commercialization processes of MR devices, fuzzy MCDM models 

allow for the rational inclusion of uncertain cost data and scientific advancements into the 

process (Dominguez & Carnero, 2020:11). 

In evaluations conducted from a technician’s perspective, brand prestige and country of 

origin rank among the most important criteria, while user-friendly workstations and software 

support have been identified as decisive factors for operational efficiency (Köksalmış et al., 

2018:531). Prioritizing the renewal of devices by weighting dynamic criteria such as 

technological age and usage intensity helps healthcare institutions direct limited investment 

resources toward providing the highest diagnostic capacity (Dominguez et al., 2020:11). 

Logistic regression was used to examine the factors affecting the acquisition of computed 

tomography and MRI devices by private hospitals (Reyes et al., 2023). In a study that 

emphasizes clinical effectiveness, technical functionality, and patient safety alongside costs in 

the selection of healthcare technologies, the fuzzy AHP method was utilized for the selection 

of various medical devices used in hospitals (Kundu et al., 2022).  To overcome uncertainties 

during the ultrasound device selection process for a private hospital in Brazil, Fuzzy AHP and 

Fuzzy TOPSIS methods were proposed (Montevechi et al., 2010). In another study where fuzzy 
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PSI and fuzzy MARCOS methods were employed for MRI system selection; brand reputation, 

patient comfort, and ease of use emerged as the prominent criteria (Dominguez & Carnero, 

2020). 

An examination of the literature indicates that Fuzzy SWARA and VIKOR methods 

provide an objective and systematic approach to decision-making processes under uncertainty 

across a wide spectrum, ranging from healthcare service quality and medical device selection 

to waste management and site selection (Karaca et al.,2025:1386; Gül, 2021:177). 

Material and Methods 

As shown in Figure 1, the model consists of two main phases: criteria weighting using 

the Fuzzy SWARA method and alternative ranking through the Fuzzy VIKOR algorithm. 

                       

    Figure 1. Procedural Flowchart of the Decision Support Model 

This study extends beyond descriptive data analysis by employing a rigorous 

mathematical framework grounded in fuzzy set theory. The methodology integrates a hybrid 

MCDM approach to mitigate the subjectivity inherent in expert evaluations. In this context, the 

Fuzzy SWARA method is utilized to compute the importance weights of the decision criteria 

through a structured mathematical weighting process. Subsequently, the Fuzzy VIKOR 

algorithm is implemented to prioritize the alternatives by evaluating their proximity to the ideal 

solution, thereby yielding a compromise ranking. By employing these advanced multi-objective 

optimization techniques, the study ensures a mathematically validated decision-making process 

that transcends the limitations of retrospective data reporting or qualitative survey 

interpretations. 

Fuzzy Logic 

Fuzzy logic was developed by Zadeh (1965). Zadeh expressed fuzzy sets as objects 

consisting of set elements with graded and continuous membership. Accordingly, unlike 

classical logic, the elements of a fuzzy set have membership degrees ranging between 0 and 1, 

determined using various membership functions (Zadeh, 1965). In fuzzy set theory, an 

element's membership in a set can be in different degrees. In other words, there are many 

membership functions indicating the degree of membership. A membership degree of '0' 

Selection of the Most Suitable 
Alternative via Fuzzy VIKOR Method

Evaluation of Alternatives Based on Identified Criteria by Experts using Fuzzy 
Numbers

Identification of Alternatives 

Determination of Criteria Importance 
Weights via Fuzzy SWARA Method

Assessment of Criteria Importance Weights by Experts using Fuzzy Numbers

Identification of Decision Criteria through Literature Review and Expert 
Consultations

Definition of the Decision Problem
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indicates that the element does not belong to the set, while values approaching '1' indicate an 

increasing degree of membership. 

Fuzzy set theory has enabled the modeling of situations that cannot be explained or 

processed with classical sets. It prevents critical information that cannot be expressed with 

precise numbers from being excluded from analysis by converting linguistic expressions of 

experts, such as "very good," "sufficient," or "risky," into mathematical data (Keršuliene et al., 

2010). The fuzzy set approach is a broader approach that encompasses the classical logic 

approach and differs from probability assignment. 

Information sources that arise in various situations and are complex and uncertain are 

called fuzzy sources (Şen, 2009). Information encountered in various decision situations can be 

precise and quantitative, or qualitative and verbal. This may be due to the fuzziness and 

uncertainty regarding the quality of the data, as well as a lack of data. In cases where decision 

problems contain uncertainty, fuzzy logic and fuzzy set theory allow for the establishment of 

more realistic decision models compared to classical decision-making methods. Uncertainty 

and fuzziness containing linguistic expressions such as "low," "slight," "medium," or "very 

high" can be transferred to mathematical and statistical models using fuzzy numbers instead of 

exact numbers. Fuzzy numbers are numbers that express approximate values and are 

characterized by various linguistic expressions. 

A triangular fuzzy number  𝐴̃  is represented by a membership function defined as;  

𝜇𝐴̃(𝑥) =

{
 
 

 
 
0,                     𝑥 < 𝑙,
𝑥 − 𝑙

𝑚 − 𝑙
,       𝑙 < 𝑥 < 𝑚,

𝑢 − 𝑥

𝑢 − 𝑚
,      𝑚 < 𝑥 < 𝑢,

0,                       𝑥 > 𝑢,

                                                                              (1) 

The triangular fuzzy number can be represented as shown in Figure 2. 

      

Figure 2. Triangular fuzzy number function 

Source: Şen (2009, 51). 

Operations with fuzzy numbers are defined for various membership functions. The 

fundamental arithmetic operations between triangular fuzzy numbers, 𝐴̃ = (𝑙1, 𝑚1,, 𝑢1), 𝐵̃ =

(𝑙2, 𝑚2,, 𝑢2) are presented below (Zimmermann, 2001): 

𝐴̃ + 𝐵̃=(𝑙1 + 𝑙2, 𝑚1 +𝑚2,  𝑢1 + 𝑢2)                                                                             (2) 

𝐴̃ − 𝐵̃=(𝑙1 − 𝑢2, 𝑚1 −𝑚2,  𝑢1 + 𝑙2)                                                                             (3) 

𝐴 ̃. 𝐵̃=(𝑙1. 𝑙2,  𝑚1. 𝑚2,  𝑢1. 𝑢2)                                                                                            (4) 
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𝐴̃/ 𝐵̃=(𝑙1/𝑢2, 𝑚1/𝑚2, 𝑢1/𝑙2)                                                                                        (5) 

For the proposed method, the selection criteria set used in the approach was first 

determined through a literature review and expert opinions. Since the decision problem contains 

fuzziness and uncertainty, linguistic variable scales used in determining criteria weights and 

evaluating alternatives were established using triangular fuzzy numbers. Subsequently, MRI 

device brands evaluated as alternatives were determined through expert consultations. 

Subsequently, expert opinions were sought to evaluate the determined criteria and 

alternatives using the established scales.Experts evaluated the decision criteria using linguistic 

variables, and these evaluations were conducted using triangular fuzzy numbers. In the 

integrated approach, while the importance weights of the decision criteria were calculated using 

the Fuzzy SWARA method, the Fuzzy VIKOR method was used for the ranking and evaluation 

of the alternatives. 

The decision criteria and their respective codes used in the MRI device selection process 

are given in Table 1. 

Table 1. Criteria of assessment for MRI device 
Criterion Code Criterion Name Description 

C1 
Image Quality Field (Tesla) strength, scan accuracy, and clinical 

reliability. 

C2 
Acquisition & 

Operating Costs 

Purchase price, initial investment, licensing/software 

updates, energy, and helium consumption. 

C3 
Service Support & 

Warranty 

Service network, technical support speed, spare parts 

access, and warranty scope. 

C4 Patient Comfort Gantry width (cm), noise levels, and scan duration. 

C5 
Clinical Needs & 

Applications 

Availability of specialized software (cardiac, neuro, 

oncology, etc.) and coil variety. 

C6 
Digital Integration Compatibility with PACS/RIS/HIS, DICOM support, 

and AI-based image processing. 

C7 
Brand & References Global/local market share, reference hospitals, and 

academic research support. 
Source: Prepared by authors  

Regarding the decision criteria used in the process, the total costs -including purchase 

price, initial investment cost, license and software update costs, energy consumption, helium 

consumption, and operating expenses- could not be precisely stated by vendors or consultants. 

It was observed that total costs could not be determined with certainty because the total costs 

and sub-costs within this scope are spread over time, and unforeseen costs may arise depending 

on the installation site and its characteristics. Therefore, the cost criterion, which could normally 

be evaluated as a precise quantitative criterion, was subjected to linguistic evaluation due to 

these uncertainties. Other qualitative criteria containing uncertainty, such as image quality, 

service and warranty conditions, patient comfort, needs and application areas, digital 

integration, and brand/reference criteria, were also evaluated by experts using linguistic 

variables. When calculating the importance weights of the decision criteria, the evaluations of 

each expert were combined via arithmetic mean. After the importance weights were determined, 

the alternatives were ranked and evaluated using the Fuzzy VIKOR method. 

Fuzzy SWARA  

SWARA is an MCDM method developed by Kersuliene, Zavadskas, and Turskis in 2010. 

The method evaluates the relative importance differences between criteria while determining 

their respective weights. SWARA is utilized to calculate criteria importance weights based on 

expert opinions. Compared to the Analytic Hierarchy Process (AHP), the SWARA method 



Karakış & Özden / Journal of Economics and Administrative Sciences, 27(3): 1045-1062, 2026 
DOI: 10.37880/cumuiibf.1940457 

1051 
 

requires fewer pairwise comparisons, thereby reducing cognitive burden and improving 

consistency in expert judgments. In the resolution of a decision problem, the criteria are first 

ranked by the decision-maker from the most significant to the least significant. Starting from 

the most important criterion, the comparative importance level of each subsequent criterion is 

determined in comparison to the previous one. The coefficient for the most important criterion 

is assigned a value of 1. Subsequently, the conditional fuzzy number values of the coefficients    

and   are calculated using Equation (6) and Equation (7) to determine the criteria weights. The 

computational steps in the Fuzzy SWARA method are as follows (Keršuliene et al., 2010). 

Step 1: After defining the decision problem, experts rank the identified evaluation criteria 

from most important to least important. 

Step 2: After ranking, experts determine the comparative importance level of the j.  

criterion relative to the (j-1). criterion Experts utilize a fuzzy linguistic evaluation scale for this 

assessment. Linguistic evaluations and their representation using triangular fuzzy numbers are 

given in Table 2.  

Step 3: In this step, a coefficient value is calculated for each criterion using Equation (6) 

𝑘̃𝑗 = {
1,                  𝑗 = 1
𝑠𝑗 + 1,         𝑗 > 1

                                                                                                  (6) 

Step 4: The recalculated weight  𝑞̃𝑗 for each criterion is determined using Equation (7). 

𝑞̃𝑗 = {

1,                        𝑗 = 1
𝑞̃𝑗 − 1

𝑘𝑗
,              𝑗 > 1

                                                                                          (7) 

Step 5: Equation (8) is employed to determine the fuzzy importance weights of the 

criteria.  

𝑤̃𝑗 =
𝑞̃𝑗

∑ 𝑞̃𝑗
𝑛
𝑗=1

                                                                                                                      (8) 

Fuzzy SWARA method, the fuzzy weights from n experts are aggregated to calculate the 

last integrated fuzzy weights of the criteria using Equation (9). 

𝑤̃𝑗 =
1

𝑛
[∑𝑤̃𝑗

𝑛

𝑗=1

]                                                                                                               (9) 

Fuzzy VIKOR 

The VIKOR method, developed by Opricovic, is used to solve MCDM problems by 

identifying the closest compromise solution to the ideal among alternatives in situations where 

conflicting criteria exist. VIKOR utilizes linear normalization to eliminate the units of various 

criteria. The method identifies an equilibrium that prioritizes aggregate utility alongside the 

minimization of personal regret. The procedural steps of the Fuzzy VIKOR method are as 

follows (Akyüz, 2011; Opricovic, 2011; Yıldız & Deveci, 2013): 

Step 1: After defining the criteria and alternatives, linguistic variables and their associated 

fuzzy sets are determined for expert decision-makers to evaluate the alternatives. Based on these 

predefined scales, the experts evaluate each alternative against the selected criteria. The specific 
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linguistic expression and the corresponding triangular fuzzy numbers (TFNs) used for these 

evaluations are detailed in Table 2, following the framework proposed by Chen & Wang (2009). 

Table 2. Triangular fuzzy numbers for the evaluation of criteria and alternatives. 

Linguistic Variable for Alternatives Linguistic Variable for Criteria 

Linguistic 

Expression 
Abbreviation 

Fuzzy 

Number 

Linguistic 

Expression 
Abbreviation 

Triangular 

Fuzzy Number 

Very Weak VW (0, 0, 2.5) Very Low VL (0,00, 0,00, 0.25) 

Weak W (0, 2.5, 5) Low L (0,00, 0.25, 0.50) 

Medium M (2.5, 5, 7.5) Medium M (0,25, 0.50, 0.75) 

Strong S (5, 7.5, 10) High H (0.50, 0.75, 1.00) 

Very Strong VS (7.5, 10, 10) Very High VH (0.75, 1.00, 1.00) 
Source: Chen & Wang (2009; 239). 

Step 2: A fuzzy decision matrix is established to represent the performance scores of each 

alternative relative to the specified criteria. For this purpose, n decision-makers evaluate each 

alternative based on the identified criteria. Let 𝑓𝑖𝑗 represent the value of the i. alternative with 

respect to the j. criterion; the integrated fuzzy decision matrix is obtained by aggregating these 

evaluations using Equation (10). 

𝑓𝑖𝑗 =
1

𝑛
[𝑓𝑖𝑗
1 + 𝑓𝑖𝑗

2 +⋯+ 𝑓𝑖𝑗
𝑛]                                                                                            (10) 

  Step 3: The fuzzy best value 𝑓𝑖
∗and the fuzzy worst value 𝑓̃𝑖

− are determined for all 

criteria. If the criterion represents a benefit: 

𝑓𝑖
∗ = 𝑚𝑎𝑥𝑓𝑖𝑗 ,   𝑓𝑖

− = min 𝑓𝑖𝑗                                                                                            (11) 

    If the criterion represents a cost: 

𝑓𝑖
∗ = 𝑚𝑖𝑛𝑓𝑖𝑗 ,   𝑓𝑖

− = max 𝑓𝑖𝑗                                                                                            (12) 

    Step 4: The criteria weights calculated from the SWARA method 𝑤𝑗
𝑛 are aggregated 

(if multiple experts are involved) to create the integrated fuzzy criteria weight matrix using 

Equation (13). 

𝑤̃𝑗 =
1

𝑛
[𝑤̃𝑗

1 + 𝑤̃𝑗
2 +⋯+𝑤𝑗

𝑛]                                                                                         (13) 

Step 5: The values for   (maximum group utility) and  (minimum individual regret) 

are calculated: 

𝑆̃𝑖 =∑ [𝑤̃𝑗(𝑓𝑗
∗ − 𝑓𝑖𝑗)/(𝑓𝑗

∗ − 𝑓𝑖
−)]

𝑛

𝑖=1
                                                                          (14) 

𝑅̃𝑖 = max [
𝑤̃𝑗(𝑓𝑗

∗ − 𝑓𝑖𝑗)

𝑓𝑗
∗ − 𝑓𝑖

−
]                                                                                                (15) 

𝑆̃𝑖 value represents the sum of the distances of the criteria values for alternative 𝐴𝑖 to the 

fuzzy ideal value, while 𝑅̃𝑖 represents the maximum distance to the fuzzy worst value for that 

alternative (Gül, 2021). 
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Step 6: The 𝑆̃∗, 𝑆̃− , 𝑅̃∗, 𝑅̃− 𝑎𝑛𝑑 𝑄̃𝑖 values are calculated. Let v represent the weight for 

the maximum group utility strategy:   

𝑄̃𝑖 = 𝑣.
(𝑆𝑖 − 𝑆

∗) 

(𝑆− − 𝑆∗) 
 (1 − 𝑣)

(𝑅𝑖 − 𝑅
∗) 

(𝑅− − 𝑅∗) 
                                                                     (16) 

Here, (1-v) represents the minimum regret of the opponents. To rank the alternatives,   

values are calculated; typically, v=0.5 is used for a "consensus" majority. 

Step 7: The calculated triangular fuzzy 𝑄̃𝑖 values are defuzzified to obtain the 𝑄̃𝑖 index 

values. In this study, the averaging method was preferred for defuzzification. Alternatives are 

ranked by sorting 𝑄̃𝑖  values in ascending order. According to the ranking index values, the 

alternative with the lowest score represents the optimum alternative (Akyüz, 2011; Deveci & 

Yıldız, 2009). 

Step 8: The compromise solution is evaluated against two conditions. 

Acceptable Advantage Condition:  

𝑄(𝑎′′) − (𝑎′) ≥ 𝐷𝑄                                                                                                      (17) 

Where  a'' is the second alternative, a' is the first, and DQ = 1/(m-1), (m being the number 

of alternatives).  

Acceptable Stability Condition: Alternative a' must have the best ranking for all indices 

𝑆𝑖 , 𝑅𝑖 , 𝑄𝑖. If the acceptable advantage condition is not met, compromise solutions is suggested. 

Results and Discussion  

In this study, five MRI alternatives were evaluated and ranked based on seven criteria. 

The importance weights of these criteria were obtained the Fuzzy SWARA method, 

incorporating expert judgments. Subsequently, the Fuzzy VIKOR method was employed to 

rank the alternatives. Eight experts (radiology specialists and MDs) provided linguistic 

evaluations for criteria weighting, while five of these experts participated in the alternative 

ranking process due to their familiarity with the specific devices. 

To weight the MRI selection criteria, the opinions of eight experts were sought. These 

experts consist of medical doctors and radiology specialists working in both private and public 

healthcare institutions. During the ranking phase of the decision alternatives, the perspectives 

of five medical specialists were consulted, as some experts were not sufficiently familiar with 

the specific devices under evaluation. The profiles of the experts who participated in the study 

and conducted the evaluation are given in the Table 3. 

Table 3. Profile of the Participating Experts 

Expert Code Area of Expertise / 

Specialization 

Type of Institutional 

Affiliation 

Experience (Years) 

Expert 1 Radiology Private Sector  17 

Expert 2 Radiology Private Sector  26 

Expert 3 Radiology Private Sector  22 

Expert 4 Radiology Public/University 10 

Expert 5 Radiology Public/University 12 

Expert 6 Radiology Public 10 

Expert 7 Radiology Public 14 

Expert 8 Radiology Private Sector 13 
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In the application of the Fuzzy VIKOR method, a decision matrix was constructed based 

on the experts' linguistic evaluations, which were then transformed into fuzzy numbers to obtain 

a combined fuzzy decision matrix. 

Table 4 presents the linguistic assessment of the experts regarding the importance weights 

of the criteria.  

Table 4. Linguistic assessments and initial rankings of criteria by experts (E1-E8)  
E1 E2 E3 E4 E5 E6 E7 E8 

C1 1 
 

1 
 

1 
 

1 
 

1 
 

1 
 

1 
 

2 
 

C2 2 VH 2 H 5 H 4 VH 2 M 6 M 7 VL 7 VH 

C3 3 H 5 VL 2 VL 2 H 5 H 5 M 3 VL 3 VL 

C4 4 VL 4 VL 6 VL 3 VL 3 VL 4 H 6 L 1 M 

C5 5 VL 3 H 4 H 5 VL 4 L 3 L 2 M 4 VH 

C6 6 H 6 H 3 H 6 H 6 H 2 H 5 VL 5 M 

C7 7 H 7 M 7 M 7 M 7 H 7 H 4 VL 6 M 

 

In determining these weights, each expert first evaluated the criteria using the triangular 

fuzzy numbers provided in Table 2. Subsequently, fuzzy weights were calculated based on these 

evaluations using the Fuzzy SWARA method. Finally, the resulting fuzzy weights were 

aggregated using Equation (9). The criteria weights calculated based on the judgments of each 

expert are given in Table 5. 

Table 5. Combined Fuzzy Weights of the Criteria 
 Fuzzy Weights  

Criteria l m u 

C1 0.258 0.320 0.407 

C2 0.141 0.196 0.290 

C3 0.088 0.147 0.239 

C4 0.065 0.132 0.225 

C5 0.041 0.098 0.192 

C6 0.022 0.062 0.139 

C7 0.013 0.044 0.110 

 

According to the Fuzzy SWARA results, image quality was identified as the most critical 

criterion. This was followed by costs, service support and warranty conditions, and patient 

comfort, respectively. The findings indicate that experts prioritize accurate and reliable 

diagnosis in the selection of health technologies. It is observed that image quality serves as a 

fundamental criterion that encompasses or influences other evaluation factors. 

Expert opinions were obtained for the five specific MRI brands identified. The linguistic 

evaluations of the expert are provided in Table 6. 

Table 6. Linguistic assessment of alternatives according to criteria 
Experts   Alternatives  Criteria 

C1 C2 C3 C4 C5 C6 C7 

E1 

A1 VS S S S VS S VS 

A2 VS S S S VS VS VS 

A3 M M M M M M M 

A4 VS S S VS VS VS S 

A5 S VS M VS S S M 

E2 
A1 VS VS S VS VS VS VS 

A2 VS S VS VS VS VS VS 
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A3 VS VS S S S M M 

A4 VS S VS VS VS VS S 

A5 S VS S S S S S 

E3 

A1 VS S M S VS S VS 

A2 VS S S M VS VS VS 

A3 VS VS S S S M M 

A4 VS S VS VS VS S S 

A5 S S S S VS S M 

E4 

A1 VS S VS S S S VS 

A2 VS M S S S S VS 

A3 M S M M M M M 

A4 VS S S VS VS VS S 

A5 S VS S S S S M 

E5 

A1 VS VS S VS VS VS VS 

A2 VS S VS VS VS VS VS 

A3 VS S S S S M M 

A4 VS S S VS VS VS S 

A5 S VS M VS S S M 

 

The linguistic evaluations made by the experts were expressed using fuzzy numbers as 

shown in Table 7. 

Table 7. Evaluation of Alternatives by Expert According to Criteria 
Expert  Criteria 

 C1 C2 C3 C4 C5 C6 C7 

E1 

A1 (7.5,10,10) (5, 7.5,10) (5, 7.5,10) (5, 7.5, 10) (7.5, 10, 10) (5, 7.5,10) (7.5,10,10) 

A2 (7.5,10,10) (5, 7.5,10) (5, 7.5,10) (5,7.5,10 (7.5,10,10) (7.5,10,10) (7.5,10,10) 

A3 (2, 5,7.5) (2, 5, 7.5) (2, 5, 7.5) (2, 5,7.5) (2, 5,7.5) (2, 5,7.5) (2, 5,7.5) 

A4 (7.5,10,10) (5, 7.5,10) (5, 7.5,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (5, 7.5,10) 

A5 (5, 7.5,10) (7.5,10,10) (2, 5,7.5) (7.5,10,10) (5, 7.5,10) (5, 7.5,10) (2, 5,7.5) 

E2 

A1 (7.5,10,10) (7.5,10,10) (5,7.5,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) 

A2 (7.5,10,10) (5,7.5,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) 

A3 (7.5,10,10) (7.5,10,10) (5,7.5,10) (5,7.5,10) (5,7.5,10) (2.5,5,7.5) (2.5,5,7.5) 

A4 (7.5,10,10) (5, 7.5,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (5, 7.5,10) 

A5 (5, 7.5,10) (7.5,10,10) (5, 7.5,10) (5, 7.5,10) (5, 7.5,10) (5, 7.5,10) (5, 7.5,10) 

E3 

A1 (7.5,10,10) (5,7.5,10) (2.5,5,7.5) (5,7.5,10) (7.5,10,10) (5,7.5,10) (7.5,10,10) 

A2 (7.5,10,10) (5,7.5,10) (5,7.5,10) (2.5,5,7.5) (7.5,10,10) (7.5,10,10) (7.5,10,10) 

A3 (7.5,10,10) (7.5,10,10) (5,7.5,10) (5,7.5,10) (5,7.5,10) (2.5,5,7.5) (2.5,5,7.5) 

A4 (7.5,10,10) (5, 7.5,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (5, 7.5,10) (5, 7.5,10) 

A5 (5, 7.5,10) (5, 7.5,10) (5, 7.5,10) (5, 7.5,10) (7.5,10,10) (5, 7.5,10) (2.5,5,7.5) 

E4 

A1 (7.5,10,10) (5,7.5,10) (7.5,10,10) (5,7.5,10) (5,7.5,10) (5,7.5,10) (7.5,10,10) 

A2 (7.5,10,10) (2.5,5,7.5) (5,7.5,10) (5,7.5,10) (5,7.5,10) (5,7.5,10) (7.5,10,10) 

A3 (2.5,5,7.5) (5,7.5,10) (2.5,5,7.5) (2.5,5,7.5) (2.5,5,7.5) (2.5,5,7.5) (2.5,5,7.5) 

A4 (7.5,10,10) (5, 7.5, 10) (5, 7.5, 10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (5, 7.5, 10) 

A5 (5, 7.5, 10) (7.5,10,10) (5, 7.5, 10) (5, 7.5, 10) (5, 7.5, 10) (5, 7.5, 10) (2.5,5,7.5) 

E5 

A1 (7.5,10,10) (7.5,10,10) (5,7.5,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) 

A2 (7.5,10,10) (5,7.5,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) 

A3 (7.5,10,10) (5,7.5,10) (5,7.5,10) (5,7.5,10) (5,7.5,10) (2.5,5,7.5) (2.5,5,7.5) 

A4 (7.5,10,10) (5, 7.5,10) (5, 7.5,10) (7.5,10,10) (7.5,10,10) (7.5,10,10) (5, 7.5,10) 

A5 (5, 7.5,10) (7.5,10,10) (2.5,5,7.5) (7.5,10,10) (5, 7.5,10) (5, 7.5,10) (2.5,5,7.5) 
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The evaluations made by the experts were combined using Equation (10) to calculate the 

fuzzy decision matrix. The combined fuzzy  evaluation matrix is shown in Table 8. 

Table 8. Combined Fuzzy Decision Matrix 
Criteria A1 A2 A3 A4 A5 

C1 (7.5 10 10) (7.5 10 10) (5.5 8 9) (7.5 10 10) (5 7.5 10) 

C2 (6 8.5 10) (4.5 7 9.5) (5.5 8 9.5) (5 7.5 10) (7 9.5 10) 

C3 (5 7.5 10) (6 8.5 10) (4 6.5 9) (6 8.5 10) (4 6.5 9) 

C4 (6 8.5 10) (5.5 8 9.5) (4  6.5 9) (4  6.5 9) (6 8.5 10) 

C5 (7 9.5 10) (7 9.5 10) (4 6.5 9) (7.5 10 10) (5.5 8 10) 

C6 (6 8.5 10) (7 9.5 10) (2.5 5 7.5) (7 9.5 10) (5 7.5 10) 

C7 (7.5 10 10) (7.5 10 10) ( 2.5 5 7.5) (5 7.510) (3 5.5 8) 

Since the criteria used in the decision problem are utility criteria, the best and worst values 

of the alternatives were determined using formula (11) and are given in Table 9. 

Table 9. Best and Worst Fuzzy Values of the Criteria 

Criteria  Max  Min 

C1 (7.5 10 10) (5.5 8 9) 

C2 (7 9.5 10) (4.5 7 9.5) 

C3 (6 8.5 10) (4 6.5 9) 

C4 (6 8.5 10) (4 6.5 9) 

C5 (7.5 10 10) (4 6.5 9) 

C6 (7 9.5 10) (2.5 5 7.5) 

C7 (7.5 10 10) (2.5 5 7.5) 

The total distance of the i. alternative to the best fuzzy value across all criteria was 

calculated using Equation (14). Additionally, the maximum distance of the i. alternative to the 

worst fuzzy value for each criterion was calculated using Equation (15). The distance values 

𝑆̃𝑖  𝑎𝑛𝑑 𝑅̃𝑖 calculated for each alternative are presented in Table 10. 

Table 10.  𝑆̃𝑖  𝑎𝑛𝑑 𝑅̃𝑖 values for the alternatives 

 

Alternatives 

 

𝑺̃𝒊   
 

Mean 

 

 𝑹̃𝒊 
 

Mean 

 l m u  l m u  

A1 0.111 0.180 0.120 0.137 0.044 0.074 0.120 0.079 

A2 0.163 0.243 0.402 0.269 0.141 0.196 0.290 0.209 

A3 0.573 0.922 1.603 1.033 0.258 0.320 0.407 0.328 

A4 0.184 0.311 0.225 0.240 0.065 0.132 0.225 0.141 

A5 0.456 0.671 0.327 0.485 0.088 0.147 0.239 0.158 

After calculating the distance measures for the alternatives, the 𝑆̃∗, 𝑆̃− , 𝑅̃∗, 𝑅̃− values were 

determined and are presented in Table 11. 

Table 11. 𝑆̃∗, 𝑆̃− , 𝑅̃∗, 𝑅̃− values 
 l m u 

 

0.111 0.180 0.120 

 

0.573 0.922 1.603 

 

0.044 0.074 0.120 

  0.258 0.320 0.407 

 

By utilizing the values presented in Table 10, the 𝑄̃𝑖 values were calculated using 

Equation (16) and are provided in Table 12. 
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Table 12. 𝑄̃𝑖  value 
    𝑸̃𝒊    Mean  

Alternatives l m u  

A1 -0.056 -0.090 -0.060 -0.069 

A2 0.217 0.192 0.324 0.244 

A3 0.848 0.812 0.903 0.854 

A4 0.058 0.100 0.157 0.105 

A5 0.349 0.326 0.212 0.296 

Following the calculation of the 𝑆𝑖 , 𝑅𝑖 and 𝑄̃𝑖 values, the alternatives were prioritized in 

ascending order, as detailed in Table 13. According to this methodology, the alternative with 

the smallest index value represents the optimal choice. 

Table 13. Calculated 𝑄̃𝑖 values for the alternatives 
Alternatives    𝑸̃𝒊     𝑸̃𝒊    𝑺̃𝒊   𝑹̃𝒊   

L m u Mean Index  Rank Index Rank Index Rank 

A1 -0.056 -0.090 -0.060 -0.069 -0.069  1 0.137 1 0.079 1 

A2 0.217 0.192 0.324 0.244 0.244  3 0.269 3 0.209 4 

A3 0.848 0.812 0.903 0.854 0.854  5 1.033 5 0.328 5 

A4 0.058 0.100 0.157 0.105 0.105  2 0.240 2 0.141 2 

A5 0.349 0.326 0.212 0.296 0.296  4 0.485 4 0.158 3 

 

Based on the  𝑆̃𝑖   𝑅̃𝑖  and  𝑄̃𝑖  values, Alternative A1 has been identified as the optimal 

choice. Following the initial ranking, the performance of the alternatives was evaluated to 

determine whether the two necessary conditions of the VIKOR method were satisfied. 

First, the acceptable advantage condition was tested. The condition Q(A") - Q(A') ≥ 0.25 

expressed in equation 17 must be satisfied. 

According to the data in Table 13, the index value of alternative A1 is ( 𝑄̃𝑖 ) = -0.069. 

According to the acceptable advantage condition, the difference between the index values of 

the first alternative with the best index value and the alternative with the second best index 

value must be greater than the (DQ) value expressed in step 8. It is seen that alternative A1 does 

not meet the acceptable advantage condition (0.105 - (-0.069) = 0.174). From this, it is 

concluded that A1, the best alternative, is not advantageous. 

Second, the Acceptable Stability in decision-making was examined. According to the 

results, Alternative A1 also maintains its top rank in terms of 𝑆̃𝑖  𝑎𝑛𝑑  𝑅̃𝑖 values. Thus, 

Alternative A1 fulfills the acceptable stability condition as well.  

The first-ranked alternative (Alternative A1) according to the (𝑄̃𝑖 ) index value must also 

have the best (smallest) score in at least one of the 𝑆̃𝑖  𝑜𝑟  𝑅̃𝑖 values. Alternative A1 has achieved 

stability by demonstrating the best performance in both group benefit (𝑆̃𝑖) and individual regret 

(𝑅̃𝑖). 

Since the acceptable advantage condition was not met, no single best alternative emerged. 

In the VIKOR method, other alternatives whose difference from the best alternative is less than 

the DQ value (0.25) are also included in the "compromising solution set". Alternative A1 and 

Alternative A4 together form the compromising solution set.Based on these validated results, 

the final preference ranking of the alternatives is determined as A1> A4> A2>A5>A3.  

Alternative A1 was determined to be the best alternative because it had the relatively 

highest values in other criteria, primarily image quality, total cost, service and warranty 

conditions, patient comfort, and ease of use, which were found to be important in the analysis. 
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Studies on the selection of Magnetic Resonance Imaging (MR) devices reveal a complex 

process involving the simultaneous evaluation of numerous technical, economic, and user-

oriented criteria (Kulak et al., 2015:938). Studies have found that technical and financial 

characteristics such as purchase price, magnetic field strength, technical competence, and the 

level of technology used are significant factors (Kundu et al., 2022:2065). In addition to these 

criteria, service factors affecting the device's operational continuity, such as service speed, 

number of authorized service centers, maintenance interval, warranty period, and technical 

personnel competence, are influential in selection decisions (Kundu et al., 2022:2065). In 

evaluations conducted by technicians, brand reputation and country of origin stand out as the 

most important brand-related criteria (Köksalmış, et al., 2018:531). In addition, ergonomic 

designs and software support that enhance the usability of devices in areas affecting patient 

comfort and patient well-being are highlighted as critical distinguishing elements in the 

literatüre (Köksalmış, et al., 2018:531). In addition to these criteria, time-dependent criteria 

such as device age and usage intensity, as well as personnel preferences, are also evaluated in 

the device renewal process (Dominguez & Carnero, 2020:12). In this study, the prioritization 

of criteria yielded results parallel to the findings in the literature. In this study, image quality, 

investment, installation and operating costs, service and warranty support, patient comfort, 

software compatibility, digital compatibility, and brand image were determined as important 

criteria in that order. Magnetic field strength, among the technical specifications, is expressed 

as a fundamental technical characteristic determining image quality. Magnetic field strength, 

which was found to be important in the studies of Görçün and Küçüköner, was evaluated as a 

prominent technical characteristic determining image quality in this study. 

It is observed that the evaluation criteria used in the analysis are features that cannot be 

precisely defined and are intertwined. For example, brand image represents many features, 

including price, magnetic field strength, patient comfort, service and warranty support. 

Therefore, the fuzzy logic approach used in the analysis offers a rational and effective approach 

in processes containing such gray areas. 

Sensitivity Analysis 

To evaluate the robustness, stability, and reliability of the proposed Fuzzy SWARA - 

Fuzzy VIKOR framework, a comprehensive sensitivity analysis was performed. In multi-

criteria decision-making (MCDM) problems, final rankings can be sensitive to fluctuations in 

criteria weights. Therefore, testing whether the optimal ranking changes under different weight 

configurations is crucial for validating the study's practical applicability. 

In this study, a systematic weight alteration procedure was applied by focusing on the 

most dominant criterion, Criterion 1 (C1), which initially possessed the highest crisp weight 

(0.306). Four distinct scientific scenarios (Scenario 1, Scenario 2, Scenario 3, and Scenario 4) 

were generated by incrementally changing the weight of C1, while the weights of the remaining 

criteria (C2 to C7) were proportionally redistributed using the standard normalized 

redistribution formula: 

𝑤𝑗
∗ =

1 − 𝑤𝐶1
∗

1 − 𝑤𝐶1
 . 𝑤𝑗                                                                                                          (18) 

The criteria weight configurations determined for each scenario are summarized in Table 14. 
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Table 14. Criteria Weight Configurations across Different Scenarios 
Criteria Original Scenario 1 Scenario 2 Scenario 3 Scenario 4 

C1 0.306 0.100 0.200 0.400 0.143 

C2 0.194 0.252 0.224 0.168 0.143 

C3 0.147 0.191 0.170 0.127 0.143 

C4 0.131 0.170 0.151 0.113 0.143 

C5 0.102 0.132 0.118 0.088 0.143 

C6 0.069 0.090 0.080 0.060 0.143 

C7 0.051 0.065 0.057 0.044 0.143 

Total 1.000 1.000 1.000 1.000 1.000 

 

The alternatives were re-ranked using the fuzzy VIKOR method for different scenarios 

shown in Table 14, which represent changes in the weighting of the criteria. The rankings 

obtained using different and varying criterion weights are given in Table 15. The rankings of 

the alternatives remained largely the same when the criterion weights changed. This 

demonstrates the robustness of the rankings under varying criterion weights. Looking at the 

analysis results, it is seen that A1's top ranking remains stable. 

 

Table 15. Ranking of the alternatives. 
Alternatives Original Rank Scenario 1 Scenario 2 Scenario 3 Scenario 4 

A1 1 1 1 1 1 

A2 3 4 4 3 2 

A3 5 5 5 5 5 

A4 2 2 2 2 3 

A5 4 3 3 4 4 

 

Figure 3 shows a graph of the rankings of alternatives for different criterion weights. 

 

Figure 3. Ranking of the alternatives.for different weights 

 

Conclusion and Recommendations 

This study demonstrates that high-cost medical technology investments in healthcare 

organizations are strategic management decisions that dictate the operational sustainability and 

financial efficiency of healthcare institutions. By integrating Fuzzy SWARA and Fuzzy 

VIKOR methodologies, this research successfully incorporates the inherent ambiguities of 

expert opinions into a structured mathematical framework, transforming subjective linguistic 

evaluations into rational, data-driven decisions. 
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The empirical findings reveal that Criter 1 (C1: Image Quality) is the most critical 

performance indicator for organizational success, possessing the highest priority weight 

(0.306). Far beyond a mere technical specification, high image quality serves as a vital clinical 

and economic safeguard, minimizing the risk of misdiagnosis and reducing long-term costs 

associated with clinical errors. From a broader strategic perspective, the proposed framework 

effectively harmonizes the divergent priorities of the public and private healthcare sectors. By 

reconciling the public sector's focus on cost-effectiveness with the private sector's emphasis on 

competitive advantage and patient comfort, it offers a viable, balanced compromise solution for 

medical technology procurement. 

To evaluate the reliability of these findings, a comprehensive sensitivity analysis was 

conducted across four distinct weight alteration scenarios. The results confirm the exceptional 

robustness of the proposed decision model, as Alternative A1 consistently secured the top rank 

in all scenarios. Even under the radical configuration of Scenario 4, where all criteria weights 

were distributed equally (0.143), A1 maintained its leading position. This immutable 

performance demonstrates that A1’s superiority does not rely on a single parameter advantage; 

rather, it exhibits a balanced, multi-dimensional, and sustainable performance profile across all 

evaluated criteria. Consequently, A1 is verified as the optimal "compromise solution," 

presenting the lowest operational risk and the highest group benefit for decision-makers. 

Conversely, the sensitivity analysis also indicated that the rankings of sub-alternatives, 

namely A2 and A4, fluctuated under varying weight configurations—such as A2 rising to the 

second position when criteria weights were equalized in Scenario 4. This sensitivity highlights 

a crucial managerial implication: while the choice of A1 remains impervious to external shifts, 

any strategic reorientation or fluctuation in the organizational importance assigned to C1 (Image 

Quality) could significantly alter the feasibility of secondary alternatives. Therefore, healthcare 

administrators must maintain strict oversight of policies governing image quality and technical 

compliance, shifting from intuitive purchasing toward the data-driven, scientific decision 

support methods validated herein. 

For future research, the generalizability of this decision model can be enhanced by 

introducing a broader spectrum of criteria, such as energy efficiency, maintenance response 

speed, or proprietary software features. Additionally, the empirical findings could be cross-

validated by applying alternative multi-criteria decision-making (MCDM) methods, including 

Fuzzy TOPSIS, PROMETHEE, or the Best-Worst Method (BWM). 
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