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Candidate Drivers  Reference Candidate Drivers Reference 

X1 
Initiating funding for 

Pharmaceutical lending 
and  healthcare 

Yu et al. (2010), and 
Bardey et al. (2010) 

X11 Reducing implied 
demand uncertainty in a 

changing market 
environment 

Suggested by 
academician 

X2 
Facilitating with 

training courses and 
institutions to train 
personnels to tackle 
COVID-19 crises 

Govindan et al. (2014) X12 Dealing with changing 
consumer 

behavior  under COVID-
19 situation 

Suggested by 
industry expert 

X3 
Developing substantial 
supply chain strategic 

planning to ensure 
agility and resilience 

under COVID-19  

Baumgartner and 

Korhonen (2010). 

X13 Developing and 
incorporating Sustainable 
procurement strategies in 

COVID-19 crises 

(de Sousa 
Jabbour et al., 

2020) 

 

X4 
Building rigid 

legislation facility for 
vital industry 

stakeholders to deal 
with COVID-19 

(Ivanov & Das, 

2020) 

X14 Developing policies and 
protocols related to 

health and compliance 
for stakeholders  

Suggested by 
academician  

X5 
Incorporating value 

chain concept in 
healthcare and 
pharmaceutical 

manufacturers and 
distributors  

 
Sushmita A.Narayana , 

Rupesh KumarPati , 
Prem Vrat 

(2012)  

X15 Dealing with the 
complexity of 

distribution in critically 
affected area in COVID-

19 

Suggested by 
industry expert 

X6 Expanding scope of 
applying data analytics 

in forecasting and 
distribution under 

COVID-19  

(Bag et al., 2020; 

Ivanov & Dolgui, 

2020) 

X16 Ensuring health security 
of employees of firms 

Suggested by 
academician 

X7 
Reducing the 

propagation of 
disturbance caused by 

ripple effect  

(Ivanov & 

Dolgui, 2020) 

X17 Increasing vertical and 
horizontal collaboration 
between different supply 

chain partners under 
COVID-19 

Suggested by 
industry expert 
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X8 
Maintaining lead time 
during COVID-19 for 

achieving higher 
customer satisfaction  

(de Sousa Jabbour et 

al., 2020)  

X18 Planning efficient risk 
management capacity 

under disruption 

(de Sousa 
Jabbour et al., 

2020) 

X9 
Developing and 

activating alternative 
supply sources under 

crises 

Suggested by industry 
expert 

X19 
Reducing bullwhip effect 

within supply chain 
considering COVID-19 

Suggested by 
industry expert 

X10 
Updating policies and 

planning parameters for 
inventory considering 

COVID-19 

Suggested by industry 
academician 

X20 

Ensuring government 
support to adopt 

sustainable supply chain 
practice 

Prakash and 
Barua(2015), 

Govindan et al. 
(2013). 

  
In the second step, a team consisting 15 experts has been formed using purposive sampling method. The 
occupation or interest and number of the experts have been show in figure 1. All the experts have industry and 
research experience more than 8 years. 
 

 
Figure 1: list of experts participated in scoring 

 
All the driver were given a relative scores by all the experts and from their judgments, a pareto analysis has been 
carried out and top driver for the top 80% score has been chosen from the plot. Figure 2 shows the illustration of 
Pareto analysis from which ten drivers for 80% scores have been chosen for developing a causal relationship.  
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Figure 2: Pareto analysis of candidate drivers 

 
5. Result and Discussion  
From the selected 10 vital drivers, a causal relations ship has been developed. Table 3 shows the grey direct 
relation matrix which has been established equation (1).  

Table 3: Grey Direct Relation Matrix  
X17 X12 X6 X18 X13 X15 X3 X4 X9 X8  

X17 [0,0] [3,4] [3,4] [2,3] [3,4] [2,3] [2,3] [1,2] [2,3] [2,3]  
X12 [3,4] [0,0] [3,4] [0,1] [0,1] [2,3] [0,1] [0,1] [0,1] [2,3]  
X6 [0,1] [3,4] [0,0] [2,3] [2,3] [3,4] [1,2] [0,1] [0,1] [2,3]  
X18 [0,1] [1,2] [2,3] [0,0] [0,1] [1,2] [1,2] [2,3] [2,3] [1,2]  
X13 [2,3] [0,1] [2,3] [1,2] [0,0] [0,1] [2,3] [0,1] [3,4 [1,2]  
X15 [3,4] [1,2] [2,3] [2,3] [0,1] [0,0] [0,1] [0,1] [0,1] [2,3]  
X3 [2,3] [2,3] [1,2] [2,3] [2,3] [1,2] [0,0] [0,1] [0,1] [1,2]  
X4 [0,1] [0,1] [0,1] [1,2] [1,2] [2,3] [0,1] [0,0] [0,1] [0,1]  
X9 [2,3] [0,1] [1,2] [0,1] [2,3] [0,1] [1,2] [0,1] [0,0] [0,1]  
X8 [0,1] [2,3] [0,1] [0,1] [0,1] [2,3] [1,2] [0,1] [0,1] [0,0]  

Using eqn.(2)-(4), we obtained the normalized direct relation matrix, which has been used to establish the total 
matrix(T). Total matrix has been show in Table 4. From the total matrix we obtained the threshold value, θ = 
[.11,.03]. Values only exceeding the threshold value are being considered to illustrate in the causal diagram. From 
Table 5, we obtained prominence(⨂𝑃𝑃𝑖𝑖)and net-effect (⨂𝐸𝐸𝑖𝑖)which has been used to plot in the relationship 
diagram. Overall DEMATEL prominence–causal and interrelationship between drivers have been shown in the 
figure 3 and 4.  
From the prominence–causal and interrelationship graphs, it is quite evident that ‘Increasing vertical and 
horizontal collaboration between different supply chain partners under COVID-19  (X17)’ is the most significant 
and  prominent drivers amongst all the driver which have a direct relation from and to many of the drivers. In a 
dire situation like COVID-19, ensuring agility and resilience through developing strategic planning (X3) isn’t 
possible if firms don’t take steps to collaborate horizontally and vertically with different supply chain partners. 
Which will also ensure Sustainable procurement strategies in COVID-19 (X12) if firms move forward to 
collaborate in operations, logistic and other strategic planning. Horizontal collaboration in the distribution channel 
also tackle the complexity of distribution in critically affected area in pandemic (X15).  
 

 
Table 4: Total Relationship Matrix 
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X17 X12 X6 X18 X13 X15 X3 X4 X9 X8  

X17 [0.4,.
2] 

[0.28,0
.35] 

[0.3,.3] [0.2,.29] [0.24, 
.32] 

[0.24,.3
2] 

[0.18,.
27] 

[0.08,19
] 

[0.17,.2
6] 

[0.23,.3
1] 

 

X12 [0.1,.
20] 

[0.1, 
1.17] 

[0.23, 
.3] 

[0.07, 
.18] 

[0.07, 
.17] 

[0.19,.2
6] 

[0.05,.
16] 

[0.02,.1
2] 

[0.04,.1
5] 

[0.18,.2
5] 

 

X6 [0.1,.
21] 

[0.23,.
30] 

[0.11, 
1.19] 

[0.16, 
.25] 

[0.14, 
.24] 

[0.23,.3
0] 

[0.1,.2
0] 

[0.02,.1
3] 

[0.05,.1
6] 

[0.19,.2
6] 

 

X18 [0.6,.
1] 

[0.11, 
.21] 

[0.16, 
.25] 

[0.05, 
1.13] 

[0.05, 
.16] 

[0.12,.2
2] 

[0.08,.
18] 

[0.11,.1
8] 

[0.12,20
] 

[0.1,.20]  

X13 [0.7,.
2] 

[0.09, 
.20] 

[0.18, 
.27] 

[0.11, 
.21] 

[0.08, 
1.15] 

[0.08,.2
0] 

[0.16,.
23] 

[0.02,.1
3] 

[0.19,.2
5] 

[0.12,.2
2] 

 

X15 [0.2,.
27] 

[0.14, 
.23] 

[0.19, 
.27 

[0.16, 
.24] 

[0.06, 
.17] 

[0.09,1.
17] 

[0.05,.
16] 

[0.03,.1
3] 

[0.05,.1
5] 

[0.18,.2
5] 

 

X3 [0.7,.
2] 

[0.18, 
.26] 

[0.15, 
.25 

[0.16, 
.24] 

[0.15, 
.24] 

[0.14,.2
3] 

[0.06,.
13] 

[0.02,.1
3] 

[0.06,.1
6] 

[.13,.22]  

X4 [0.3,.
1] 

[0.02, 
.14] 

[0.04, 
.15 

[0.07, 
.16] 

[0.06, 
.15] 

[0.12,.2
0] 

[0.02,.
12] 

[0.01,1.
06] 

[0.02,.1
1] 

[0.03,.1
3] 

 

X9 [0.4,.
2] 

[0.06, 
.16] 

[0.11, 
.20 

[0.05, 
.15] 

[0.15, 
.21] 

[0.05,.1
6][ 

[0.09,.
17] 

[0.01,.1
1] 

[0.04,1.
10] 

[0.05,.1
6] 

 

X8 [0.5,.
1] 

[0.13, 
.21] 

[0.05, 
.16 

[0.03, 
.13] 

[0.02, 
.13] 

[0.15,.2
1 

[0.06,.
15] 

[0.01,.1
0] 

[0.01,.1
1] 

[0.04,1.
11] 

 

Table 5: The degree of prominence and net cause/effect of drivers 

Drivers  Ri         Ci Prominence(Ri+Ci) Net-Cause(Ri-
Ci) 

Cause-effect 

X17 [2.040,3.92] [1.274, 3.170] [3.32, 7.09]  [0.77,0.75] Cause 
X12 [1.175,3.04] [1.354, 3.220] [2.53, 6.26]  [-0.18,-0.18] Effect 
X6 [1.330,3.23] [1.523, 3.390 [2.85, 6.62]  [-0.19,-0.16] Effect 
X18 [0.956,2.90] [1.072,2.970] [2.03, 5.87]  [-0.12,-0.07] Effect 
X13 [1.199, 3.09] [1.019, 2.940] [2.22, 6.03]  [0.18,0.15] Cause 
X15 [1.148, 3.03] [1.395, 3.270] [2.54, 6.3]  [-0.25,-0.24] Effect 
X3 [1.238, 3.11] [0.858, 2.770] [2.09, 5.88]  [0.38,0.34] Cause 
X4 [0.423,2.36] [0.320, 2.260] [0.74, 4.62]  [0.10,0.10] Cause 
X9 [0.752, 2.64] [0.737, 2.660] [1.49, 5.3]  [0.01,-0.02] Effect 
X8 [0.544, 2.47] [1.252, 3.120] [1.8, 5.59]  [-0.71,-0.65] Effect 

 
Collaboration between firms in the operation level might enable them to rapidly choose alternative to their 
established sources which has been severely disrupted by inaccessibility due to COVID-19. Another prominent 
driver to tackle the rapidly changing consumer behavior and upward trend in the demand of pharmaceutical 
products is ‘Expanding scope of applying data analytics in forecasting and distribution (X6)’. This driver mainly 
is an effect to a joint collaboration between stages for a smoother and better information flow which may help the 
firm to accurately forecast the demand in the changing market and help the firms to develop and incorporate 
sustainable procurement plan in the uncertain business environment (X13). Advanced use of data analytics will 
ensure the firm to prepare efficient distribution plan to main the lead time for order shipments (X8). 
 
 

  
cause 
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Developing sustainable strategic plan will substantially help the pharmaceutical firms to  deal with the changing 
consumer behavior in the vulnerable market situation under COVID-19 (X12). Nevertheless, Building a rigid 
legislation facility (X4) all the vital stakeholder will allow the firms to plan an efficient risk management capacity 
which can withstand all the unwanted supply chain disruptions due to a global pandemic(X18). 
 
6. Conclusion 
COVID-19 has thrown a huge challenge to the decision makers to make major decisions in the disrupted supply 
chain environment. Sustainability and performance of supply chain in pharmaceutical firms are at stake. On the 
other hand, to battle the casualty of the pandemic, pharmaceutical firms are one of the most important sectors to 
perform their operations, distributions, logistics and inventory management more responsively to better cater their 
consumers. As a result, It has become a prime task for the decision makers to explore and prioritize the most 
critical supply chain drivers which if adopted and executed in the supply chain practice will facilitate the firms to 
better perform between stages, respond quickly changes and run the operations efficiently with all the strategy to 
withstand disruptions caused by COVID-19. The purpose of this study was mainly to help the supply chain 
decision makers by providing them insights about the impactful drivers in supply chain, there level of prominence 
and most importantly to show the interrelationships between these critical driver. This study may help them to 
recognize the cause-effect relationship between these drivers. Decision makers, from the insights, can differentiate 
the drivers that effect the other drivers and prioritize them accordingly while implementing. We used a grey-based 
DEMATEL approach to establish the interrelationships between the drivers. 
However, there are inevitable limitations in this research which can be addressed in the future works. While 
developing the relationships, only ten drivers were considered to explore which might not always be enough for 
the decision makers if there is a heavily damaged business scenario in a firm. Opinions and recommendations 
from more experts could result in a more comprehensive findings from the research. Data and information from 
more studies could allow a broader generalization of the outputs. Using DEMATEL method might not ensure a 
consistent comparison between pairs. Other fuzzy techniques could have been incorporated in the model. Drivers 
can be assessed with relative weight and prioritization. Apart from these limitations, this hybrid approach of grey 
based DEMATEL model handles the complexity of the problem and effectively evaluated the interdependencies 
between the drivers which will be beneficial for supply chain decision makers to fight COVID-19. 
 
References 
Bajaj, S., Garg, R., & Sethi, M. (2018). Total quality management: a critical literature review using Pareto 

analysis. International Journal of Productivity and Performance Management, 67(1), 128-154. 
 
de Sousa Jabbour, A. B. L., Jabbour, C. J. C., Hingley, M., Vilalta-Perdomo, E. L., Ramsden, G., & Twigg, D. 

(2020). Sustainability of supply chains in the wake of the coronavirus (COVID-19/SARS-CoV-2) 
pandemic: lessons and trends. Modern Supply Chain Research and Applications. 

Deng, J.L., 1989. Introduction to grey system theory. The Journal of Grey System 1 (1), 1–24. 
 
Fontela, E., Gabus, A., 1976. The DEMATEL observer. Battelle Geneva Research Centre, Geneva. 
 
Govindan, K., Mina, H., & Alavi, B. (2020). A decision support system for demand management in healthcare 

supply chains considering the epidemic outbreaks: A case study of coronavirus disease 2019 (COVID-19). 
Transportation Research Part E: Logistics and Transportation Review, 138, 101967 

 

Prominence 

effect 

cause 

effect 

Figure 3: Overall DEMATEL causal-graph Figure 4: Overall DEMATEL causal-graph  
with relations 

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Sao Paulo, Brazil, April 5 - 8, 2021

© IEOM Society International 1380



Gabus, A., Fontela, E., 1973. Perceptions of the World Problematique: Communica- tion Procedure, 
Communicating with those Bearing Collective Responsibility. Battelle Geneva Research Centre, Geneva, 
Switzerland. (DEMATEL Report No. 1) 

 
Horton, P.B., McConney, A.A., Gallo, M., Woods, A.L., Senn, G.J., Hamelin, D., 1993. An investigation of the 

effectiveness of concept mapping as an instructional tool. Science Education 77 (1), 95–111. 
 
Ivanov, D. (2020). Predicting the impacts of epidemic outbreaks on global supply chains: A simulation-based 

analysis on the coronavirus outbreak (COVID-19/SARS-CoV-2) case. Transportation Research Part E: 
Logistics and Transportation Review, 136, 101922. 

 
Ivanov, D., & Dolgui, A. (2020). Viability of intertwined supply networks: extending the supply chain resilience 

angles towards survivability. A position paper motivated by COVID-19 outbreak. International Journal of 
Production Research, 58(10), 2904–2915. 

 
Ivanov, D., & Dolgui, A. (2020a). A digital supply chain twin for managing the disruption risks and resilience in 

the era of Industry 4.0. Production Planning & Control, 1–14. 
 
Li, P., Tan, T.C., Lee, J.Y., 1997. Grey relational analysis of amine inhibition of mild steel corrosion in acids. 

Corrosion 53 (3), 186–194. 
 
Li, Y., & Mathiyazhagan, K. (2018). Application of DEMATEL approach to identify the influential indicators 

towards sustainable supply chain adoption in the auto components  manufacturing sector. Journal of 
Cleaner Production, 172, 2931–2941. 

 
Mitchell K. I. & Walinga J. (2017), The creative imperative: The role of creativity, creative problem solving and 

insight as key drivers for sustainability, Journal of Cleaner Production, Volume 140, Part 3, 1 January 
2017, Pages 1872-1884 

 
Sushmita A. Narayana, Rupesh Kumar Pati, Prem Vrat, (2012),"Research on management issues in the 

pharmaceutical industry: a literature review", International Journal of Pharmaceutical and Healthcare 
Marketing, Vol. 6 Iss: 4 pp. 351 - 375  

 
Biographies 
Naimur Rahman Chowdhury is a Lecturer in the Department of Mechanical and Production Engineering at 
Ahsanullah University of Science and Technology, Dhaka, Bangladesh. He previously worked as a Lecturer in 
the Department of Industrial and Production Engineering at Military Institute of Science and Technology, Dhaka, 
Bangladesh. He earned B.Sc. in Industrial and Production Engineering from Bangladesh University of 
Engineering and Technology, Dhaka, Bangladesh. He is an ongoing student of M.Sc. in Industrial and Production 
Engineering in Bangladesh University of Engineering and Technology. His research interests include 
optimization, machine learning, supply chain network design, and lean manufacturing. 
 
Sharmine Akther Liza is currently working as a Lecturer in the Department of Mechanical and Production 
Engineering at Ahsanullah University of Science and Technology, Dhaka, Bangladesh. She has completed her 
B.Sc. in Industrial and Production Engineering from Rajshahi University of Engineering and Technology, 
Rajshahi, Bangladesh. Her research interests include supply chain network design, logistics and operations, 
stochastic analysis, optimization and engineering management.  
 
Syed Tanvir, Abu Saimon Raj and Pritom Mohajon are currently doing their  B.Sc. in Industrial and Production 
Engineering at Ahsanullah University of Science and Technology with a research focus on supply chain 
management. 

Proceedings of the International Conference on Industrial Engineering and Operations Management 
Sao Paulo, Brazil, April 5 - 8, 2021

© IEOM Society International 1381


	1.1 Objectives
	3.1 DEMATEL method
	3.2 Grey theory
	3.3 Grey-based DEMATEL



