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 The current research addresses the inventory classification problem of community pharmacies, 
which have a dual role as both a vital component of the pharmaceutical supply chain and a typical 
retail store. Despite the existing literature indicating that pharmacists may lack knowledge on 
inventory management, it seems that the MCIC literature is weak in explaining how pharmacists 
can benefit from MCDA techniques in all aspects. To bridge this gap, the study aims to 
demonstrate that pharmacists can utilize MCDA techniques to gain deeper insights beyond mere 
classification in the context of inventory management. Real-world data from a community 
pharmacy in Turkey was classified using the EDAS method. Sensitivity analysis was performed 
for MCDA inputs, about which pharmacists may lack information. Scenario findings based on 
criterion weights and threshold values offer important managerial implications for pharmacists. 
This study provides a critical contribution to the literature on inventory management in 
community pharmacies by highlighting the potential of MCDA techniques to support decision-
making beyond mere classification. The sensitivity analysis also sheds light on areas where 
pharmacists may lack knowledge and suggests ways to address these gaps. Overall, the study 
underscores the need for pharmacists to have a deeper understanding of inventory management 
and highlights the potential benefits of MCDA techniques in addressing this challenge. 
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1. Introduction 

Inventory management is a key issue in all business model (Wild, 2017), involving the procurement of stock keeping units 
(SKUs) at the appropriate quantity, time, and price (Richard, 2003). To prevent stockouts and potential losses in sales and 
customers, decision-makers tend to overstock (Matopoulos & Michailidou, 2013). However, excessive inventory can lead 
to opportunity costs and the risk of waste, such as spoilage and obsolescence. In the healthcare industry, any failure in 
inventory management can have grave consequences beyond financial losses, such as interruptions in treatment processes, 
deterioration of patient health status, and even fatalities (Hidayat et al., 2020). This highlights the importance of effective 
inventory management at all stages of healthcare service delivery. 

Pharmacies play a critical role in the pharmaceutical supply chain of any healthcare system, with the responsibility of the 
uninterrupted supply of medicines (Elarbi et al., 2020). However, they also function as retail stores with economic concerns, 
offering medicines and other health-related products. This dual role creates a need for pharmacies to optimize inventory 
management. Despite this need, pharmacists, who are typically responsible for managing pharmacies, are trained primarily 
in pharmacy rather than inventory management. The findings of Maharaj et al. (2020) and Rollins et al. (2012) highlight a 
significant oversight in pharmacy education, namely the inadequate coverage of essential business management subjects, 
such as inventory management, human resource management, and cash flow management, in the curriculums of pharmacy 
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schools. These studies reveal a critical need to incorporate these vital business skills into pharmacy education to equip future 
pharmacists with the knowledge and skills necessary for successful business practice. Recent studies by Ighorodje & Ola-
Olorun (2019) and Jobira et al. (2022) further indicate that pharmacists possess limited knowledge of inventory 
management. Consequently, pharmacists may lack the expertise to effectively manage a large number of items. 

In the field of operations management, decision makers are presented with numerous options to effectively manage 
inventory. To accomplish this, inventory classification techniques are employed to group items with similar attributes, 
allowing for streamlined management under a shared policy (Chakravarty, 1981). The well-known inventory classification 
approaches ABC VED, and FNS consider cost, criticality, and consumption rate factors respectively (Parekh et al., 2008). 
The matrix approach, which employs a combination of single-criteria methods, is frequently utilized for efficient inventory 
control. Notable examples of this approach include the ABC-VED matrix (Kumar & Chakravarty, 2015), FSN-VED matrix 
(Bošnjaković, 2010), ABC–VED–FNS matrix (Gizaw & Jemal, 2021; Sheikhar & Matai, 2022). Single-criterion inventory 
classification approaches are predicated on sorting items based on their performance on the relevant criterion and 
categorizing them according to the Pareto principle (Dickie, 1951). The classification process is completed by combining 
the results of two different single-criteria classification techniques in matrix format by executing a few simple logical 
operations. Given the lack of knowledge of pharmacists in inventory management, single-criteria matrix approaches are 
attractive because they are simple, easy to implement and understandable. However, in many cases, like pharmacy inventory 
classification, various criteria such as shelf life, cost, lead time and demand need to be considered simultaneously 
(Ramanathan, 2006; Zhou & Fan, 2007). Thus, it may be contended that single-criterion inventory classification approaches 
are unsuitable for pharmacists and may even be disadvantageous. 

The state of the art in inventory classification approaches allows multiple factors to be considered simultaneously. Among 
these approaches, Multi-Criteria Decision Analysis (MCDA) stands out, which allows the performance of each SKU on 
various factors to be represented in a single relative score, taking into account the importance of the factors (de Assis et al., 
2020). MCDA techniques, which are not as simple as single-criteria classification approaches, give effective results in 
inventory classification problems (van Kampen et al., 2012). In parallel, the multi-criteria inventory classification (MCIC) 
literature contains sufficient studies on how to classify inventory using MCDA techniques in healthcare (Ali, 2011; Saha & 
Ray, 2019). Therefore, theoretically, it can be claimed that there is no obstacle for pharmacists to use MCDA techniques in 
inventory classification. Belton & Stewart (2002) assert that the effective implementation of MCDA in practical settings is 
contingent on the decision-makers' aptitude to acquire the necessary skills to utilize the approach proficiently, even in the 
absence of technical expertise in MCDA. From this standpoint, it can be contended that the literature on MCIC in healthcare 
fails to adequately address the challenges facing decision-makers with limited technical expertise and knowledge, such as 
pharmacists, in accessing valuable managerial insights beyond the mere application of classification. Therefore, there is a 
need for further research that explores the practical implications of MCDM in real-world decision-making contexts, 
including strategies that can facilitate the implementation of MCDM techniques by non-expert decision-makers in the 
healthcare industry. This research endeavors to address this gap by proposing an approach that enables pharmacists to 
extract deeper insights from MCDA techniques in the context of inventory classification. Specifically, this approach seeks 
to enable pharmacists to use MCDA techniques more effectively to optimize inventory utilization, rather than solely relying 
on MCDA techniques for classification purposes. 

The classical MCDA approach comprises three fundamental components: firstly, the identification of alternatives (SKUs) 
and criteria (classification factors) relevant to the decision-making process. Secondly, the approach involves determining 
the relative significance of each criterion (criteria weights), as well as evaluating the performance of the alternatives 
concerning each criterion (decision matrix). Finally, an algorithm or method is utilized to calculate the relative score of each 
alternative, which allows for the comparison and selection of the most suitable alternative(Triantaphyllou, 2000). These 
inputs can vary based on the decision-maker's judgment and experience, making sensitivity analysis a crucial step in MCDA 
(Triantaphyllou & Sánchez, 1997). Sensitivity analysis helps to determine the extent to which the output depends on the 
inputs, (Rios Insua, 1999), which is advantageous when monitoring the impact of variability in inputs on classification 
(Iooss & Lemaître, 2015). This approach eliminates the need for precise specification of inputs (Saltelli et al., 1999) and 
addresses the uncertainty resulting from the decision-maker's lack of familiarity with the classification problem (Durbach 
& Stewart, 2012). Although varying inputs may appear as a weakness at first, sensitivity analysis turns it into an opportunity 
to better understand and manage the problem. Therefore, when the classification performed with a MCDA approach is 
accompanied by a sensitivity analysis, the pharmacist's deficiencies in mastering the problem can be tolerated, and 
managerial implications can be obtained by illuminating the hidden aspects of the problem. Consequently, MCDA with 
sensitivity analysis enables decision makers to assimilate the problem by understanding the impact of different inputs. 

In this context, pharmacists' motivation to perform sensitivity analysis can be attributed to two critical factors. The first 
factor is criteria weights, which determine the extent to which the performance of SKUs on each criterion is reflected in the 
classification. These weights may vary based on the pharmacist's experience, perspective, or seasonal changes. Testing the 
classification process with different sets of weights representing various perspectives can help assess the consistency of 
SKUs in their respective classes. The second factor is class thresholds, which are critical in every inventory classification 
problem, irrespective of the classification approach used. SKUs are categorized into classes based on class thresholds, and 
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different threshold values can result in SKUs being placed in different classes. Pharmacists may want to examine the effect 
of different threshold values on classification to ensure accuracy. 

This study deals with the pharmacy inventory classification problem in the case of community pharmacists. The inventory 
classification problem in community pharmacies presents unique challenges (Ali, 2011; Piquer-Martinez et al., 2022) 
compared to the classical pharmacy inventory classification problem. In the typical pharmacy inventory classification 
problem, pharmacists evaluate pharmaceutical inventory items based on multiple criteria. However, in the community 
pharmacy setting, additional factors such as the demographic structure of the local population, prevalent diseases, drug 
consumption patterns, purchasing power, profitability, and the need to optimize capital may influence inventory 
classification. Therefore, effective inventory classification requires comprehensive consideration of these dimensions. 

This study presents an investigation into the managerial information that a MCIC approach can offer pharmacists beyond 
simple classification results, in the context of community pharmacy inventory classification problem. The study utilizes 
real-world data from a pharmacy in Gaziantep, Turkey, operating under intense competition and the EDAS method as the 
MCDA technique for inventory classification. Sensitivity analysis was conducted using a total of nine scenarios over three 
different sets of weights and thresholds. The findings from the scenarios provide useful managerial implications that can 
enhance a pharmacist's ability to solve the problem. 

The contributions of this study are threefold. First, it expands the use of MCDA approaches in the MCIC literature. Second, 
it provides pharmacists with the opportunity to uncover information that can enhance their managerial skills in inventory 
classification. Third, it highlights the community pharmacist inventory classification problem as a promising area for further 
research. 

The remainder of the paper is organized as follows: Section 2 presents the study's background by referring to related 
research. Section 3 provides details of the case, including the methodology and data analysis. Finally, in Section 4, the 
conclusions and recommendations are discussed. 

2. Related Studies 

The present study focuses on two primary aspects, specifically, (i) the implementation of MCDA for inventory classification 
and (ii) the classification of inventory in community pharmacies. The purpose of this section is to highlight the unique 
contributions of the study in each of the aforementioned domains, based on the relevant literature.  

(i) The utilization of multi-criteria decision analysis for inventory classification 

The effective management of inventory is essential for businesses to maintain their competitive edge in the market. Multi-
Criteria Inventory Classification (MCIC) approaches have emerged as a valuable tool to aid in this process by considering 
various criteria to guide inventory management decisions. The classification approach involves aggregating the performance 
of multiple criteria, which can be achieved through the use of Artificial Intelligence algorithms, DEA-like optimization 
models, and Multi-Criteria Decision Analysis (MCDA) techniques. This study specifically focuses on the MCDA branch. 

Flores and Clay Whybark (1986) laid the foundation for multi-criteria classification by proposing that additional criteria, 
including lead time and criticality, could augment the ABC classification. To synthesize multiple criteria into a consistent 
univariate measure, Flores et al. (1992) advocated for the use of the Analytic Hierarchy Process (AHP). The classification 
outcomes and data set presented by Flores, Olson and Dorai (1992) have become the standard for subsequent research in 
MCIC, as evidenced by ongoing studies such as Partovi and Burton (1993), Gajpal, Ganesh and Rajendran (1994), and 
Partovi and Hopton (1994). These studies illustrate how MCDA techniques can be applied to inventory classification issues. 

The groundwork for multi-criteria classification was laid by Flores and Clay Whybark who suggested that ABC 
classification could be enhanced by considering additional criteria, such as lead time and criticality. Flores et al. (1992) 
further proposed the use of the Analytic Hierarchy Process (AHP) to reduce these multiple criteria to a univariate and 
consistent measure. The data set and classification results presented by Flores, Olson and Dorai (1992) serve as a benchmark 
for subsequent MCIC research, as exemplified in ongoing studies such as those by Partovi and Burton (1993), Gajpal, 
Ganesh and Rajendran (1994), and Partovi and Hopton (1994). These studies demonstrate the application of MCDA 
techniques to inventory classification problems. 

MCDA techniques are based on three primary approaches: Full Aggregation (A), Outranking (B), and Reference Level (C). 
These approaches differ in their benefits and drawbacks and are influenced by the decision-makers' discernment of 
alternatives. A and B employ contradictory rationales. A allows an alternative's inferior performance on one criterion to be 
offset by its superior performance on another criterion, whereas B does not. C is positioned between the two. B requires 
more information and has a more complex algorithm than A. The modification of both of A and B methods is necessary to 
suit the inventory classification problem. Some are as follows. To overcome the disadvantage of A, Lolli (2014) proposed 
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an AHP-based veto approach that prevents the misclassification of SKUs by preventing a SKU that is rated high/bad in at 
least one criterion from being ranked high/low in the global aggregation. Douissa & Jabeur (2020) proposed a simplified 
Electre III based approach to avoid the misclassification of SKUs using the non-compensatory procedure of B and used a 
variable neighbor search algorithm to estimate the required parameters. 

Ghorabaee et al. (2015) proposed a new methodology named Evaluation Based on Distance from Average Solution (EDAS) 
with Reference Level, specifically designed to address the multi-criteria inventory classification problem. The EDAS 
approach utilizes positive and negative distances from the average solution to assess SKUs and is characterized by its simple 
algorithm. The specificity of EDAS to the inventory classification problem makes it a valuable tool in this study. 

Sensitivity analysis plays a crucial role in MCIC, particularly for pharmacists. This argument is supported by several studies 
in the inventory classification literature. Hincapie et al. (2011) conducted a comprehensive inventory classification study in 
the oilfield equipment industry, which placed exclusive emphasis on sensitivity analysis. The study employed sensitivity 
analysis to gain managerial insights into potential problems arising from a failure to produce all essential parts within the 
stipulated time frame. Iqbal et al. (2017) statistically analysed the performance of classification methods in the case of 
demand growth. The research incorporates a sensitivity analysis aimed at identifying the MCIC model that exhibits a 
statistically significant performance concerning inventory management and customer order fulfilment rate. Lolli et al. 
(2017) proposed a comprehensive framework for the concurrent selection of an item classification methodology through 
the consideration of multiple criteria. The authors employed a sensitivity analysis to assess the influence of weights 
attributed to significant performance indicators, thus enhancing the robustness and accuracy of their approach. These studies 
highlight the importance of sensitivity analysis in gaining managerial insights into potential problems. Thus, sensitivity 
analysis is a complementary element of inventory classification and an important instrument for providing managerial 
insight. 

(ii) The classification of inventory in community pharmacies 

Saha and Ray's (2019) literature review underscores the varied challenges related to inventory management in healthcare 
and the plethora of management science tools available to tackle these issues. The review identifies ten factors that impact 
inventory management, linking inventory type with the inventory classification process, and explores the inventory 
classification problem in hospital pharmacies. The history of hospital pharmacy management research dates back to the 
1960s (SALLEE, (1958)). Noel's study (1984) emphasized that inventory managers could enhance hospital cost-
effectiveness through inventory classification, which remains the fundamental driver of pharmacy inventory management 
research to this day (Ahmadi et al., 2022; Saha & Ray, 2019). 

The vast majority of research has focused solely on hospital pharmacies, disregarding community pharmacies, which 
constitute an essential component of the pharmaceutical supply chain in all healthcare systems. However, given the 
differences in healthcare roles (Nagappa & Naik, 2022) and commercial concerns (Gammie et al., 2016) between 
community and hospital pharmacies, the inventory management of community pharmacies is a crucial topic for 
investigation. 

Although few studies have delved into community pharmacy inventory management, Parrish et al. (1986) conducted a study 
in Alabama community pharmacies to investigate the correlations between profitability, inventory turnover, and gross 
margin return on investment. Komjathy (2016) analyzed the financial development of Slovakian community pharmacies 
from 2009 to 2014. delved into the tactics and resources utilized by community pharmacists in order to effectively address 
a common scarcity issue. Timoteo (2022) examined how community pharmacists navigate disparities between sales and 
inventory. However, as far as we know, the inventory classification problem of community pharmacies remains unexplored 
in the literature, despite the unique characteristics of these pharmacies, which make it a promising avenue for future 
research. 

3. Case Details 

In this case, the pharmacy is located in close proximity to other pharmacies near a hospital, creating a highly competitive 
environment where customer loyalty is crucial. Meeting customer demand is deemed the most effective strategy to ensure 
customer satisfaction and prevent the loss of customers and revenue. However, maintaining a large inventory of each drug 
to avoid stockouts may lead to high opportunity costs, particularly for low-demand, high-cost drugs that run counter to 
rational inventory management practices. Despite this, the strategy of stocking such drugs may be justified by the potential 
to enhance customer loyalty by fulfilling a demand that competitors cannot meet. 

In addition, profitability plays a significant role in inventory management decisions for the pharmacy. It is important to 
ensure that drugs with high-profit margins do not run out of stock. Although the pharmacy can supply exhausted medicine 
during the day, it may lose revenue even in the brief time required for supply, given the location of the pharmacy. This 
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underscores the importance of taking different criteria into account when classifying the pharmacy's inventory, as compared 
to a typical inventory classification problem. 

To establish suitable criteria for inventory classification, an analysis was conducted on the pharmacy's database, which 
encompasses data on purchase price, selling price, and quantity in stock for 1,139 items. The selection of the following 
criteria was based on this analysis: 

• Cost: Purchase price. To include opportunity cost, which is a very important element in inventory control, in the 
classification decision. 

• Demand: Quantity in stock. As stated by the pharmacist, it is directly linked to demand. To include its significant 
impact on the traditional classification standard and inventory classification. 

• Profit Rate: (Selling price - Purchase price) / Purchase price. To integrate the profit rate into inventory management 
due to the fact that community pharmacies function as commercial enterprises. 

Table 1 presents the summary statistics of the data. 

Table 1  
The summary statistics of the data 

# Barcode Cost (TL) Demand Profit Rate 
1 8697928020122 120,06 1 37% 
2 8697943590020 44,23 1 38% 
3 8698747570027 18,26 142 38% 
4 8699819010076 36,48 140 38% 
⁝ ⁝ ⁝ ⁝ ⁝ 

1136 8699856710045 105,77 7 38% 
1137 8699874080120 270,41 1 31% 
1138 8699874080359 32,08 5 38% 
1139 8699976091192 101,85 3 38% 

 Maximum 1.643,91 358,00 300% 
 Minimum 4,00 1,00 4% 
 Standard Deviation 82,95 16,41 13% 
 Average 51,67 6,55 40% 

 

We determined the criterion weights and class thresholds for classification through the following process. It appears that 
the pharmacist does not possess a clear understanding of the appropriate weights for the criteria. Therefore, we attempted 
to create weight sets using different techniques (as shown in Table 2). For W1, we assumed that all criteria were equally 
significant. In W2, we employed the best and worst method, which was based on the pharmacist's subjective evaluations, 
to establish the weight set. In W3, we calculated the average of the weights obtained through objective weighting techniques, 
such as CRITIC and ENTROPY methods. 

Table 2  
Weight sets  Cost (TL) Demand Profit Rate W1 33% 33% 33% W2 14% 57% 29% W3 35% 47% 17% 
 

The challenge of determining the appropriate values for class thresholds is compounded by the pharmacist's inability to 
provide an opinion. Unlike criterion weights, there is no standardized technique for calculating thresholds. Consequently, 
in line with the underlying logic of the ABC classification, three sets of thresholds were established manually and are 
presented in Table 3. The first set, T1, is based on ranking products in descending order of importance. Under T1, the top 
10% of products are classified as A, the subsequent 30% as B, and the remaining products as C. 

Table 3  
Threshold sets  T1 T2 T3 A 10% 15% 20% B 30% 25% 30% C 60% 60% 50% 
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When the predetermined weight and threshold sets for classification intersect, nine distinct scenarios arise that require 
analysis (Table 4). It is worth noting that the majority of these scenarios are the result of the pharmacist's inability to 
distinguish the critical parameters necessary for classification. Consequently, an examination of these scenarios can offer 
valuable managerial insights into the effects of parameter alterations on classification. 

Table 4  
All scenarios  T1 T2 T3 W1 S1 S2 S3 W2 S4 S5 S6 W3 S7 S8 S9 
 

4. Methods 

The present study employed the EDAS method to undertake a multi-criteria inventory classification process. To ensure the 
accuracy and validity of the results, the criteria weights were determined by utilizing the BWM, CRITIC, and ENTROPY 
methods. The underlying principles and mechanics of these methods are elaborated upon in the subsequent section. By 
utilizing a comprehensive set of methodologies, this study aimed to provide a robust and reliable classification framework 
for inventory management. 

4.1 EDAS Method 

The methodology proposed by Ghorabaee et al. (2015), known as EDAS, adopts an approach that centers around the 
computation of the distance between alternatives and the reference solution point. The present technique exhibits similarities 
with conventional approaches employed in the domain of multi-criteria decision-making, specifically with the TOPSIS and 
VIKOR methodologies. However, EDAS distinguishes itself from these approaches by determining the reference solution 
point using the mean value instead of extreme values within the criteria. 

In this paper, we outline the EDAS method, which consists of a series of steps. 

Step 1: The alternatives and the evaluation criteria are determined. 

Step 2: The decision matrix (X) is constructed. 

Where 𝑛 is the # of alternatives, 𝑚 is the # of criteria and 𝑋௜௝ is the performance of alternative 𝑖 on criterion 𝑗, the 
decision matrix is expressed as follows. 

𝑋 = ൣ𝑋௜௝൧௡௫௠ = ൥𝑋ଵଵ ⋯ 𝑋ଵ௠⋮ ⋱ ⋮𝑋௡ଵ ⋯ 𝑋௡௠൩ 
Step 3: The average solution is determined for all criteria.  

𝐴𝑉 = ൣ𝐴𝑉௝൧ଵ௫௠ → 𝐴𝑉௝ = ∑ ௑೔ೕ೙೔సభ௡  

Step 4: The positive distance (PDA) and negative distance (NDA) of the alternatives from the mean are calculated 
according to the criterion orientation (benefit and cost). 𝑃𝐷𝐴 = ൣ𝑃𝐷𝐴௜௝൧௡௫௠,𝑁𝐷𝐴 = ൣ𝑁𝐷𝐴௜௝൧௡௫௠ 
If criterion 𝑗 is utility orientated; 

𝑃𝐷𝐴௜௝ = 𝑚𝑎𝑥 (0, (𝑋௜௝ − 𝐴𝑉௝))𝐴𝑉௝ ,𝑁𝐷𝐴௜௝ = 𝑚𝑎𝑥 (0, (𝐴𝑉௝ − 𝑋௜௝))𝐴𝑉௝  
If criterion 𝑗 is cost orientated; 

𝑃𝐷𝐴௜௝ = 𝑚𝑎𝑥 (0, (𝐴𝑉௝ − 𝑋௜௝))𝐴𝑉௝ ,𝑁𝐷𝐴௜௝ = 𝑚𝑎𝑥 (0, (𝑋௜௝ − 𝐴𝑉௝))𝐴𝑉௝  



A. B. Şimşek et al.  / Decision Science Letters 12 (2023) 
 

801

Step 5: Determine the sum of weighted PDA and NDA for all alternatives. 

The values of 𝑆𝑃௜ and 𝑆𝑁௜, where 𝑤௝ is the weight of criterion 𝑗, are calculated as follows. 

𝑆𝑃௜ = ෍𝑤௝𝑃𝐷𝐴௜௝௠
௝ୀଵ , 𝑆𝑁௜ = ෍𝑤௝𝑁𝐷𝐴௜௝௠

௝ୀଵ  
Step 6: Normalise the 𝑆𝑃 and 𝑆𝑁 values for all alternatives. 

𝑁𝑆𝑃௜ = 𝑆𝑃௜max (𝑆𝑃) ,𝑁𝑆𝑁௜ = 1 − 𝑆𝑁௜max (𝑆𝑁)  
Step 7: Calculate the evaluation score (AS) for all alternatives. 

It is calculated as follows with 0 ≤ 𝐴𝑆௜ ≤ 1. 

𝐴𝑆௜ = (𝑁𝑆𝑃௜ + 𝑁𝑆𝑁௜)2  
Step 8: Alternatives are ranked in descending order of AS score. 

4.2 Best and Worst Method 

The BWM methodology, originally proposed by Rezaei (2015), is a multi-criteria decision-making approach that aims to 
provide a reliable and consistent evaluation of alternative options. Unlike other comparable methodologies, the BWM 
technique relies on pairwise comparisons and is known for its ability to produce more accurate and reliable outcomes, 
particularly when a significant number of pairwise comparisons are made. The BWM approach involves a set of sequential 
steps that systematically guide the decision-making process. These steps include: 

Step 1. Determination of best (𝐵) and worst (𝑊) criteria 

Step 2. Determining the level of preference of the best and worst criteria over other criteria 

1-9 scale is used. (1: Equal importance, 5: Strongly more important, 9: Absolutely more important) 𝐴஻ = (𝑎஻ଵ, 𝑎஻ଶ,𝑎஻ଷ, … , 𝑎஻௡) 𝐴ௐ = (𝑎ଵௐ,𝑎ଶௐ,𝑎ଷௐ, … ,𝑎௡ௐ)் 𝑎஻௝ indicates the preference of the best criterion 𝐵 over criterion 𝑗.  𝑎௝ௐ indicates the preference of the criterion 𝑗 over the worst criterion 𝑊. 

Step 3. The optimal 𝑤 is obtained by solving the following mathematical model. min 𝜉 

ቤ𝑤஻𝑤௝ − 𝑎஻௝ቤ ≤ 𝜉, ฬ𝑤௝𝑤௪ − 𝑎௝௪ฬ ≤ 𝜉 

෍𝑤௝௝ = 1,𝑤௝ ≥ 0 ∀𝑗 
Step 4. Calculate the consistency ratio 

𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 𝑅𝑎𝑡𝑖𝑜 = 𝜉𝐶𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦 𝐼𝑛𝑑𝑒𝑥 

The consistency index is determined according to Table 5. 
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Table 5  
Consistency Index Table 𝑎஻ௐ 1 2 3 4 5 6 7 8 9 

Consistency index 0.00 0.44 1.00 1.63 2.30 3.00 3.73 4.47 5.23 

 

4.3 CRITIC and ENTROPY Methods 

CRITIC (Diakoulaki et al., 1995) and ENTROPY (Wang & Lee, 2009) methods are two distinct approaches for obtaining 
objective weights of criteria in decision-making. The CRITIC method utilizes standard deviations of the criteria and 
correlations between them to determine the weights, while the ENTROPY method focuses on the differentiation among 
criteria and employs a series of stages to derive objective weights using the information within the decision matrix. Both 
methods provide quantitative tools to objectively determine the importance of criteria in decision-making. 

5. Findings 

The current study first examines the viability of adopting the MCIC approach by pharmacists. To this end, the traditional 
cost-based single-criteria ABC classification methodology was compared with the EDAS classification approach. In the 
single-criteria classification, the total cost was obtained by multiplying the inventory amount by the cost. The T1 threshold 
serving as the basis for classifying the items. Table 6 illustrates the findings of this comparison in terms of the number of 
items allocated to the same category. 

Table 6  
Number of items assigned to the same classes in single-criteria and multi-criteria (EDAS) classifications 

Scenarios with T1 threshold S1 S4 S7 
# of items not in the same class 192 243 188 
# of items in the same class 947 896 951 

 

The results indicate a clear distinction between the two approaches. In cases where the discrepancy is negligible (S1), a 
single-criterion ABC analysis may be sufficient, obviating the need for additional information and the computational 
complexities associated with multi-criteria decision-making techniques. However, the significant number of items that do 
not belong to the same class in S4, where the criteria weights are subjectively determined by the decision-maker, suggests 
that total cost alone is inadequate for comprehensive classification. In contrast, in S7, where the weights are determined 
based on data irregularities, the number of misclassified items is relatively low. Therefore, the multi-criteria approach proves 
to be a more robust and reliable method for inventory classification in scenarios where subjective judgments are involved. 

Once the requirement for a multi-criteria inventory classification has been established, predicting the effects of factors 
beyond the pharmacist's expertise on the classification can be accomplished through an exhaustive analysis of all potential 
scenarios. This analysis is executed utilizing the threshold and weight axis. The importance of thresholds becomes apparent 
as the number of items in each class corresponds to the threshold ranges presented in Table 7. These thresholds exert a 
direct influence on the classification process by dictating the quantity of items assigned to each respective class. The 
capacity of pharmacists to effectively manage inventory resources can be linked to the number of items assigned to each 
class. For instance, a higher quantity of items assigned to class A denotes a more rigorous level of control, which is a 
desirable outcome. However, pharmacists who are limited by resource constraints may prefer fewer items assigned to this 
category. In such instances, pharmacists may opt to initially employ narrower thresholds and progressively broaden them 
as they acquire greater skill in managing inventory. If the inventory control process is associated with the workforce, a 
pharmacist with a large number of staff can afford to be more inclusive for Class A, while those with fewer staff should be 
more conservative. 

Table 7  
Number of items in classes by threshold  

T1 T2 T3 
A 114 171 228 
B 342 285 342 
C 683 683 569 

 

In order to comprehensively investigate the impact of weight sets on classification, an analysis of scenarios S1, S4, and S7 
at threshold T1 can be conducted through pairwise comparison, as presented in However, the large number of items in 
different classes during the S1-S4 comparison indicates that the pharmacist's assessment of the criteria can have a significant 
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impact on the classification. In such cases, it is recommended that the pharmacist use a variety of quantitative techniques, 
such as BWM, pairwise comparison, to incorporate their assessment of the criteria into the classification process, which can 
increase the accuracy and effectiveness of the classification.  

Table 8. The limited number of items in different classes during the S1-S7 comparison indicates that it may not be necessary 
to use weighting methods based on variability in the data if the pharmacist cannot determine the importance of the criteria. 
In such cases, if criterion weights are accepted as equal, a close classification can be achieved without the need for additional 
calculations. However, the large number of items in different classes during the S1-S4 comparison indicates that the 
pharmacist's assessment of the criteria can have a significant impact on the classification. In such cases, it is recommended 
that the pharmacist use a variety of quantitative techniques, such as BWM, pairwise comparison, to incorporate their 
assessment of the criteria into the classification process, which can increase the accuracy and effectiveness of the 
classification.  

Table 8  
Pairwise comparisons of scenarios S1, S4 and S7 at threshold T1  

S1-S4 S4-S7 S1-S7 
# of items in the same class 916 1006 1033 

# of items not in the same class 223 133 106 
 

The pairwise comparison in Table 8 highlights the importance of considering the impact of weight sets on classification, 
and emphasizes the need for pharmacists to carefully evaluate the significance of criteria and utilize appropriate techniques 
to incorporate their assessments into the classification process. 

Through an analysis of multiple scenarios, one can draw conclusions about the reliability of classification. Statistical data 
presented in Table 9 displays the frequency with which items were classified in the same group across 9 distinct scenarios. 
For instance, class A included 86 items in all 9 scenarios, while no items were classified as class C in only one scenario. 
Based on the criterion that consistent classification is indicated by 7 or more items being classified in the same group, it can 
be inferred that a total of 930 items (approximately 82% of the entire inventory) were consistently classified. This finding 
strongly suggests that regardless of the scenario chosen by the pharmacist, the resulting classification is highly likely to be 
accurate. In short, if one of the scenarios is chosen randomly, many items in the classification will be correctly classified. 

Table 9  
Number of items assigned to the same class x times in 9 scenarios 

x times A B C 
1 38 128 0 
2 23 35 65 
3 27 39 11 
4 26 84 23 
5 18 49 65 
6 21 36 19 
7 16 87 19 
8 21 38 107 
9 86 98 458 

 

6. Conclusion 

Inventory classification techniques are widely utilized to manage SKUs efficiently by grouping them based on shared 
characteristics under a common policy. Multi-Criteria Decision Analysis (MCDA) techniques are commonly employed in 
classification, as they allow for the consideration of multiple factors concurrently. Sensitivity analysis is an approach that 
eliminates the need for precise specification of MCDA inputs and reduces uncertainty due to decision makers' unfamiliarity 
with the classification problem. 

However, pharmacists may not have the necessary expertise to accurately determine the inputs required for the MCDA 
approach to inventory classification. Sensitivity analysis can assist pharmacists in ensuring the accuracy of the classification 
process by utilizing different sets of weights representing various perspectives and observing the impact of different 
thresholds on classification. The objective of this study is to identify managerial insights that can be obtained from 
sensitivity analysis for the inventory classification problem in community pharmacies. 

To achieve this goal, data collected from a Turkish pharmacy comprising 1139 items and three criteria: cost, demand, and 
profit rate, is utilized. The methodology employed includes the EDAS, BWM, CRITIC, and ENTROPY methods. This 
study first compares multi-criteria inventory classification with classical single-criteria ABC analysis. The results indicate 
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that single-criteria ABC analysis is inadequate for the community pharmacy inventory classification problem, and 
pharmacists require multi-criteria inventory classification approaches. 

Subsequently, the sensitivity of parameters that pharmacists may lack knowledge about regarding MCDA techniques is 
analyzed. The findings demonstrate that thresholds should be adjusted based on the pharmacist's inventory management 
abilities. Furthermore, the pharmacist's opinions regarding the criteria can influence the classification, and therefore, should 
be quantified and included in the classification using various techniques. Overall, the analysis of different scenarios 
indicates that pharmacists can perform a successful classification by utilizing the multi-criteria decision-making 
methodology. 

In conclusion, this study highlights the importance of sensitivity analysis in assisting pharmacists with the accurate 
classification of inventory in community pharmacies. Additionally, it emphasizes the necessity of utilizing multi-criteria 
inventory classification approaches to better manage the diverse range of SKUs. In future research, decision support systems 
could be integrated to further investigate the community pharmacy inventory problem. 

Acknowledgements 

The research was conducted through the personal efforts of the researchers without any support from any institution. The 
data were provided by a pharmacy operating in the Gaziantep province of Turkey, which did not want to share its name. 

Ethics approval: Not applicable (Ethical approval for this type of study is not required). 

Conflict of interest: The authors have no potential conflicts of interest directly related to the content of this article. 

References 

Ahmadi, E., Mosadegh, H., Maihami, R., Ghalehkhondabi, I., Sun, M., & Süer, G. A. (2022). Intelligent inventory 
management approaches for perishable pharmaceutical products in a healthcare supply chain. Computers & Operations 
Research, 147, 105968. https://doi.org/10.1016/J.COR.2022.105968 

Ali, A. K. (2011). Inventory management in pharmacy practice: a review of literature. Archives of Pharmacy Practice, 2(4), 
151. 

Belton, V., & Stewart, T. J. (2002). Implementation of MCDA: Practical Issues and Insights. Multiple Criteria Decision 
Analysis, 261–292. https://doi.org/10.1007/978-1-4615-1495-4_9 

Bošnjaković, M. (2010). Multicriteria inventory model for spare parts. Tehnički Vjesnik, 17(4), 499–504. 
Chakravarty, A. K. (1981). Multi-item inventory aggregation into groups. Journal of the Operational Research Society, 

32(1), 19–26. 
de Assis, A. G., Cabral, E. L. dos S., Castro, W. R. S., da Costa Junior, J. F., de Souza, R. P., & Cabral, M. A. L. (2020). 

Inventory and multi-criteria: Systematic review. Intelligent Decision Technologies, 13(4), 453–462. 
https://doi.org/10.3233/IDT-190093 

Diakoulaki, D., Mavrotas, G., & Papayannakis, L. (1995). Determining objective weights in multiple criteria problems: The 
critic method. Computers & Operations Research, 22(7), 763–770. https://doi.org/10.1016/0305-0548(94)00059-H 

Dickie, H. F. (1951). ABC inventory analysis shoots for dollars not pennies. Factory Management and Maintenance, 109(7), 
92–94. 

Douissa, M. R., & Jabeur, K. (2020). A non-compensatory classification approach for multi-criteria ABC analysis. Soft 
Computing, 24(13), 9525–9556. https://doi.org/10.1007/s00500-019-04462-w 

Durbach, I. N., & Stewart, T. J. (2012). Modeling uncertainty in multi-criteria decision analysis. European Journal of 
Operational Research, 223(1), 1–14. https://doi.org/10.1016/J.EJOR.2012.04.038 

Elarbi, M., Ayadi, O., Masmoudi, M., & Masmoudi, F. (2020). Drug-inventory-management-model for a multi-echelon 
pharmaceutical supply-chain: case study of the Tunisian pharmaceutical supply-chain. 
Https://Doi.Org/10.1080/16258312.2020.1824532, 22(1), 44–56. https://doi.org/10.1080/16258312.2020.1824532 

Flores, B. E., & Clay Whybark, D. (1986). Multiple Criteria ABC Analysis. International Journal of Operations &amp; 
Production Management, 6(3), 38–46. https://doi.org/10.1108/EB054765 

Flores, B. E., Olson, D. L., & Dorai, V. K. (1992). Management of multicriteria inventory classification. Mathematical and 
Computer Modelling, 16(12), 71–82. https://doi.org/10.1016/0895-7177(92)90021-C 

Gajpal, P. P., Ganesh, L. S., & Rajendran, C. (1994). Criticality analysis of spare parts using the analytic hierarchy process. 
International Journal of Production Economics, 35(1–3), 293–297. https://doi.org/10.1016/0925-5273(94)90095-7 

Gammie, T., Vogler, S., & Babar, Z. U. D. (2016). Economic Evaluation of Hospital and Community Pharmacy Services. 
Annals of Pharmacotherapy, 51(1), 54–65. https://doi.org/10.1177/1060028016667741 

Ghorabaee, M. K., Zavadskas, E. K., Olfat, L., & Turskis, Z. (2015). Multi-Criteria Inventory Classification Using a New 
Method of Evaluation Based on Distance from Average Solution (EDAS). Informatica, 26(3), 435–451. 
https://doi.org/10.15388/INFORMATICA.2015.57 

Gizaw, T., & Jemal, A. (2021). How is Information from ABC–VED–FNS Matrix Analysis Used to Improve Operational 



A. B. Şimşek et al.  / Decision Science Letters 12 (2023) 
 

805

Efficiency of Pharmaceuticals Inventory Management? A Cross-Sectional Case Analysis. Integrated Pharmacy 
Research & Practice, 10, 65. https://doi.org/10.2147/IPRP.S310716 

Hidayat, R., Irsan Saleh, M., & Hidaya, R. (2020). The Importance of Inventory Management in Pharmaceutical Practice. 
Open Access Indonesia Journal of Social Sciences, 3(1), 80–84. https://doi.org/10.37275/OAIJSS.V3I1.22 

Hincapie, J., Lee, J., & Emblom, W. (2011). Sensitivity analysis on inventory classification methods for oilfield equipment 
industry. ASME 2011 International Manufacturing Science and Engineering Conference, MSEC 2011, 2, 145–153. 
https://doi.org/10.1115/MSEC2011-50172 

Ighorodje, A. E., & Ola-Olorun, N. J. (2019). Assessing the Level of Community Pharmacists’ Knowledge about Medicine 
Inventory Management in Delta State, Nigeria. IOSR Journal Of Pharmacy And Biological Sciences (IOSR-JPBS) e-
ISSN, 14, 2319–7676. https://doi.org/10.9790/3008-1403011420 

Iooss, B., & Lemaître, P. (2015). A review on global sensitivity analysis methods. Operations Research/ Computer Science 
Interfaces Series, 59, 101–122. https://doi.org/10.1007/978-1-4899-7547-8_5/COVER 

Iqbal, Q., Malzahn, D., & Whitman, L. (2017). Statistical analysis of multi-criteria inventory classification models in the 
presence of forecast upsides. Production & Manucaturing Research, 5(1), 15–39. 
https://doi.org/10.1080/21693277.2017.1322544 

Jobira, T., Abuye, H., Jemal, A., & Gudeta, T. (2022). Assessment of Knowledge, Practices, and Challenges of 
PharmaceuticalsInventory Control Among Pharmacy Professionals Working in Selected Public HealthFacilities of West 
Arsi Zone, Oromia, Ethiopia. Health Services Insights, 15. https://doi.org/10.1177/11786329211066403 

Komjathy, H. (2016). Financial aspects of community pharmacies in Slovakia (2009-2014). European Pharmaceutical 
Journal, 63(2), 12–17. https://doi.org/10.1515/AFPUC-2016-0013 

Kumar, S., & Chakravarty, A. (2015). ABC-VED analysis of expendable medical stores at a tertiary care hospital. Medical 
Journal Armed Forces India, 71(1), 24–27. https://doi.org/10.1016/j.mjafi.2014.07.002 

Lolli, F., Ishizaka, A., & Gamberini, R. (2014). New AHP-based approaches for multi-criteria inventory classification. 
International Journal of Production Economics, 156, 62–74. https://doi.org/10.1016/j.ijpe.2014.05.015 

Lolli, F., Ishizaka, A., Gamberini, R., & Rimini, B. (2017). A multicriteria framework for inventory classification and 
control with application to intermittent demand. Journal of Multi-Criteria Decision Analysis, 24(5–6), 275–285. 
https://doi.org/10.1002/MCDA.1620 

Maharaj, S., Balroop, A. D., Ali, A., Baksh, N., Beckles, A., Dwarika, N., Seetaram, N., Extavour, R. M., & Janodia, M. 
(2020). Bachelor of pharmacy graduates’ perceptions of the pharmacy administration curriculum in Trinidad and 
Tobago. Currents in Pharmacy Teaching and Learning, 12(5), 558–563. https://doi.org/10.1016/J.CPTL.2020.01.015 

Matopoulos, A., & Michailidou, L. (2013). Implementing collaborative practices in the healthcare supply chain: insights 
into hospital-vendor operations. International Journal of Logistics Systems and Management, 15(2–3), 288–303. 

Nagappa, A. N., & Naik, V. (2022). Introduction: Pharmacy Industry, Community Pharmacy, Clinical Pharmacy, and 
Hospital Pharmacy. Perspectives in Pharmacy Practice, 1–12. https://doi.org/10.1007/978-981-16-9213-0_1 

Noel, M. W. (1984). Quantitative measurements of inventory control. American Journal of Hospital Pharmacy, 41(11), 
2378–2383. https://doi.org/10.1093/AJHP/41.11.2378 

Omer, S., Ali, S., Shukar, S., Gillani, A. H., Fang, Y., & Yang, C. (2021). A qualitative study exploring the management of 
medicine shortages in the community pharmacy of Pakistan. International Journal of Environmental Research and 
Public Health, 18(20), 10665. https://doi.org/10.3390/IJERPH182010665/S1 

Parekh, S., Lee, J., & Kozman, T. A. (2008). A decision support system for inventory management. In J. Wei (Ed.), SWDSI 
2008 (pp. 513–522). 

Parrish, R. H., Berger, B. A., & Submission, H. C. F. (1986). The Relationships Between Profitability, Inventory Efficiency, 
and Gross Margin Return on Investment in Alabama Community Pharmacies. Journal of Pharmaceutical Marketing & 
Management, 1(1), 11–26. https://doi.org/10.3109/J058V01N01_03 

Partovi, F. Y., & Burton, J. (1993). Using the Analytic Hierarchy Process for ABC Analysis. International Journal of 
Operations & Production Management, 13(9), 29–44. https://doi.org/10.1108/01443579310043619 

Partovi, F. Y., & Hopton, W. E. (1994). The analytic hierarchy process as applied to two types of inventory problems. 
Production and Inventory Management Journal, 35(1), 13. 

Piquer-Martinez, C., Urionagüena, A., Benrimoj, S. I., Calvo, B., Martinez-Martinez, F., Fernandez-Llimos, F., Garcia-
Cardenas, V., & Gastelurrutia, M. A. (2022). Integration of community pharmacy in primary health care: The challenge. 
Research in Social and Administrative Pharmacy, 18(8), 3444–3447. https://doi.org/10.1016/J.SAPHARM.2021.12.005 

Ramanathan, R. (2006). ABC inventory classification with multiple-criteria using weighted linear optimization. Computers 
and Operations Research, 33(3), 695–700. https://doi.org/10.1016/j.cor.2004.07.014 

Rezaei, J. (2015). Best-worst multi-criteria decision-making method. Omega, 53, 49–57. 
https://doi.org/10.1016/J.OMEGA.2014.11.009 

Richard, W. (2003). Operations management. 
Rios Insua, D. (1999). Introduction to the special issue on sensitivity analysis. Journal of Multi-Criteria Decision Analysis, 

8(3), 117–118. https://doi.org/https://doi.org/10.1002/(SICI)1099-1360(199905)8:3<117::AID-MCDA251>3.0.CO;2-5 
Rollins, B. L., Broedel-Zaugg, K., Reiselman, J., & Sullivan, D. (2012). Assessment of pharmacy students’ perceived 

business management knowledge: Would exclusion of business management topics be detrimental to pharmacy 
curricula? Currents in Pharmacy Teaching and Learning, 4(3), 197–201. https://doi.org/10.1016/J.CPTL.2012.04.001 

Saha, E., & Ray, P. K. (2019). Modelling and analysis of inventory management systems in healthcare: A review and 



  806

reflections. Computers & Industrial Engineering, 137, 106051. https://doi.org/10.1016/J.CIE.2019.106051 
SALLEE, A. J. (1958). Pharmacy inventory problems in hospital financial management. Hospital Management, 86(3), 44–

45. 
Saltelli, A., Tarantola, S., & Chan, K. (1999). A role for sensitivity analysis in presenting the results from MCDA studies 

to decision makers. Journal of Multi-Criteria Decision Analysis, 8(3), 139–145. 
https://doi.org/https://doi.org/10.1002/(SICI)1099-1360(199905)8:3<139::AID-MCDA239>3.0.CO;2-C 

Sheikhar, C., & Matai, R. (2022). The Linkages Between Spare-Parts Management and Maintenance Management in Army 
Supply Chain of Vehicles. In Recent Advances in Industrial Production (pp. 45–59). Springer. 

Timoteo, C. (2022). Managing sales and inventory variances in a community pharmacy [Ramon V. Del Rosario College of 
Business]. In Management and Organization Master’s Theses. https://animorepository.dlsu.edu.ph/etdm_manorg/118 

Triantaphyllou, E. (2000). Multi-Criteria Decision Making Methods BT - Multi-criteria Decision Making Methods: A 
Comparative Study (E. Triantaphyllou (ed.); pp. 5–21). Springer US. https://doi.org/10.1007/978-1-4757-3157-6_2 

Triantaphyllou, E., & Sánchez, A. (1997). A Sensitivity Analysis Approach for Some Deterministic Multi-Criteria Decision-
Making Methods*. Decision Sciences, 28(1), 151–194. https://doi.org/10.1111/J.1540-5915.1997.TB01306.X 

van Kampen, T. J., Akkerman, R., & van Donk, D. P. (2012). SKU classification: A literature review and conceptual 
framework. International Journal of Operations and Production Management, 32(7), 850–876. 
https://doi.org/10.1108/01443571211250112/FULL/PDF 

Wang, T. C., & Lee, H. Da. (2009). Developing a fuzzy TOPSIS approach based on subjective weights and objective 
weights. Expert Systems with Applications, 36(5), 8980–8985. https://doi.org/10.1016/J.ESWA.2008.11.035 

Wild, T. (2017). Best practice in inventory management. Routledge. 
Zhou, P., & Fan, L. (2007). A note on multi-criteria ABC inventory classification using weighted linear optimization. 

European Journal of Operational Research, 182(3), 1488–1491. https://doi.org/10.1016/J.EJOR.2006.08.052 
 
  
 
 

               

 

 
© 2023 by the authors; licensee Growing Science, Canada. This is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) 
license (http://creativecommons.org/licenses/by/4.0/). 

 


