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This study aimed to identify and validate the key factors influencing smart
pharmaceutical distribution by utilizing expert opinions and a structured Delphi
technique. A qualitative research design using semi-structured interviews and a
three-round Delphi method was conducted among experts and practitioners in the
pharmaceutical supply chain. Initially, thirty-two factors were extracted from
interviews using content analysis. Subsequently, the Delphi process, involving ten
experts, was employed to screen, refine, and categorize these factors into broader
dimensions. Data were analyzed through iterative mean comparisons across rounds
to confirm consensus thresholds, and factors were grouped under seven primary
categories based on thematic similarity. The results identified thirty-two factors
across governance, network, technology, member, data, service, and demand
dimensions. Consensus was reached on all factors, with differences between Delphi
rounds consistently within the accepted 0.1 threshold. Key factors included data
privacy, supplier accessibility, smart tool innovation, defect-free operations,
partner communication, and staff training. The findings align with previous studies
highlighting the critical role of blockchain for traceability, IoT adoption for real-
time monitoring, leadership and knowledge sharing in organizational readiness,
and regulatory policy alignment in successful smart pharmaceutical distribution
implementation. The study offers a validated multi-dimensional framework of
factors that affect smart pharmaceutical distribution, emphasizing the need for an
integrated approach that combines technological, organizational, regulatory, and
human capital strategies. These findings provide a basis for future modeling, policy
development,
efficiency, and security in pharmaceutical supply chains.

and operational decision-making to enhance transparency,

Keywords: Smart pharmaceutical distribution; Delphi method; supply chain
transparency; blockchain; loT adoption;, pharmaceutical logistics; digital
transformation.
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1. Introduction

he global pharmaceutical supply chain is under

growing pressure to become more intelligent,
transparent, and resilient. From the increasing complexity of
drug manufacturing and distribution processes to the
persistent threats of counterfeit medications, inefficiencies
in traditional models are becoming more evident. The need
to adopt a smart pharmaceutical distribution system,
embedded with digital technologies, is no longer optional—
it is a strategic imperative. This shift is driven by multiple
forces, including the demand for end-to-end traceability,
regulatory requirements, patient safety, and the growing
necessity to integrate real-time data across the supply and
distribution chain (Gaynor et al., 2024).

Smart pharmaceutical distribution refers to the use of
advanced technologies—such as blockchain, artificial
intelligence (Al), Internet of Things (IoT), and data
analytics—to manage, monitor, and optimize the flow of
pharmaceuticals from production to consumption. One of
the most pressing challenges in conventional pharmaceutical
logistics is the prevalence of counterfeit drugs. These not
only pose a threat to patient safety but also undermine trust
in healthcare systems. Technologies like blockchain are
increasingly being recognized for their potential to combat
this issue by ensuring immutable tracking and verification of
drug provenance (Chiacchio et al., 2022; Sarkar, 2023).

Blockchain applications in pharmaceutical distribution
have shown promise in enhancing the traceability and
authenticity of drug products throughout the supply chain.
Solutions like PharmaChain, for instance, integrate
blockchain architecture to secure the chain against
counterfeit entries and unauthorized modifications (Bapatla
et al., 2022). Similarly, the use of non-fungible tokens
(NFTs) in the pharmaceutical context has been proposed as
a secure method to trace drug batches from origin to patient,
thus reinforcing data integrity and transparency (Chiacchio
et al., 2022). These technological advancements are not just
theoretical. Pilot implementations have demonstrated that
such systems significantly improve visibility and confidence
across all nodes of the supply chain (Dura-Hernandez et al.,
2023).

The shift toward smart distribution is also influenced by
the rising complexity of cold chain logistics, especially for
temperature-sensitive drugs, such as vaccines and biologics.
Smart contracts and blockchain-enabled cold chain
monitoring have emerged as critical components in ensuring

real-time compliance and accountability in temperature-
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controlled environments (Nagpal et al., 2025). Studies
underscore that the integration of blockchain and smart
sensors facilitates proactive alerting and dynamic rerouting,
thus preventing temperature excursions and product spoilage
(Yadav, 2024). These mechanisms reduce loss, improve
regulatory adherence, and enhance the overall reliability of
the distribution chain.

A particularly innovative solution is the use of smart
parcel lockers combined with intelligent vehicle routing
algorithms, which has shown great potential in optimizing
last-mile delivery—one of the costliest and least efficient
components of the pharmaceutical supply chain (Aghdam et
al., 2024). By decentralizing storage and using real-time data
to optimize delivery paths, such systems contribute to faster,
safer, and more patient-centric pharmaceutical logistics.

Furthermore, data privacy and secure information
exchange are crucial pillars of smart distribution
frameworks. Digital transformation in pharmaceutical
logistics often entails the sharing of sensitive data across
decentralized platforms. Therefore, technologies that ensure
data originality and protection from tampering are
fundamental (Dura-Hernandez et al., 2023; Gaynor et al.,
2024). Such systems must comply with international data
protection  regulations while facilitating efficient
information flows among manufacturers, distributors,
healthcare providers, and regulatory agencies.

Equally significant is the role of organizational culture,
leadership, and knowledge sharing in the successful
implementation of smart pharmaceutical systems. Recent
research suggests that leadership effectiveness in
pharmaceutical firms is positively mediated by the
knowledge-sharing behaviors of culturally intelligent
leaders (Hassan, 2025). Moreover, knowledge management
frameworks integrated with smart technologies have been
shown to improve performance in public pharmaceutical
organizations, particularly in regions where digital
infrastructure is still emerging (Mahmoud et al., 2025).
Thus, beyond technological capability, human capital and
leadership culture play a pivotal role in shaping smart
distribution environments.

Smart pharmaceutical supply chains also benefit from
well-structured enterprise architectures, which help align
technological solutions with organizational strategy and
operational workflows. The adoption of blockchain
technologies in digital transformation requires a careful
reengineering of business processes, taking into account
both interoperability and scalability across enterprise
systems (Wedha et al., 2023). This alignment ensures that
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technological upgrades do not remain isolated but rather
contribute holistically to systemic efficiency.

Interoperability is further emphasized in hybrid
blockchain models that aim to bridge public and private
networks for secure and scalable drug traceability (Jaleel,
2024). These hybrid systems allow organizations to maintain
confidentiality while enabling transparency for external
auditing or regulatory bodies. This balance is essential in
high-stakes sectors like pharmaceuticals, where both privacy
and verification are paramount.

Cold chain distribution, in particular, has emerged as a
focal area where smart systems can significantly reduce risk.
IoT-enabled monitoring devices can report real-time
temperature data, which is logged and verified via
blockchain to ensure compliance and accountability (Nagpal
et al., 2025; Sarkar, 2023). Additionally, nanocarrier-based
drug delivery systems have further complicated logistics by
introducing products with highly specific storage and
transportation needs (Hwang et al., 2021). Smart distribution
models must therefore be adaptive and responsive to the
needs of novel therapies, necessitating agile systems that can
reconfigure routes and storage in real-time.

The transformation toward intelligent pharmaceutical
logistics also has socio-cultural dimensions. For example,
studies examining halal transportation practices in
pharmaceutical contexts have demonstrated that technology
adoption must also align with cultural and religious
expectations, especially in Islamic markets (Ngah et al.,
2019). This highlights the importance of stakeholder
engagement and localized policy design in the rollout of
smart distribution systems.

Equally important are regulatory policies and industry-
wide standards that govern the adoption of smart
technologies. The alignment between governmental
regulations and digital innovation significantly impacts the
pace and scope of smart distribution implementation.
Without supportive governance, even the most advanced
technological solutions may face resistance or remain
underutilized (Alfaiza et al., 2021).
multistakeholder approach involving industry leaders,

Therefore, a

regulators, technologists, and academia is essential to create
a sustainable and integrated pharmaceutical distribution
model.

The emergence of digital twins, big data analytics, and
predictive algorithms further expands the possibilities for
smart distribution. These tools enable dynamic demand
forecasting, inventory optimization, and risk mitigation
essential  in volatile

strategies that are today’s
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pharmaceutical landscape (Gaynor et al., 2024). Smart
distribution systems can leverage these tools not only for
operational efficiency but also for strategic planning and
resilience building.

In summary, smart pharmaceutical distribution is not a
singular technological intervention but a comprehensive
transformation that requires integration across multiple
domains—technology, governance, logistics, human capital,
and data management. The convergence of blockchain, 10T,
Al, and knowledge management has created a fertile ground
for innovation in pharmaceutical logistics. However, the
successful implementation of these technologies depends on
their strategic alignment with organizational goals,
leadership culture, regulatory frameworks, and socio-
cultural dynamics. This study seeks to identify and validate
the key factors

influencing smart pharmaceutical

distribution.

2. Methods and Materials

In this study, a qualitative, exploratory approach was
adopted to identify and screen the factors influencing smart
pharmaceutical distribution within the smart pharmaceutical
supply chain. The spatial scope of this research was the
smart pharmaceutical supply chain of the Tofigh Daru
Company, and the temporal scope was the Persian calendar
year 1402. Data collection in this research was carried out at
two levels: library research and field research. In the library
phase, existing research gaps were extracted through
reviewing various scientific articles and documents. This
step also facilitated the identification of the theoretical
foundations and prior literature related to smart
pharmaceutical supply chain factors. Subsequently, in the
field phase, relevant data regarding the supply chain under
study were obtained directly from Tofigh Daru Company.
This allowed for the extraction of the constituent factors of
the smart pharmaceutical supply and distribution chain
through on-site examination and direct engagement with
organizational processes.

The primary tool for data collection in this research was
a semi-structured interview. The core question posed to
participants was: "What are the factors constituting the smart
pharmaceutical supply and distribution chain?" Following
the identification of potential factors through interviews, a
Delphi technique was employed to screen and refine these
factors. Accordingly, the second data collection tool was a
Delphi questionnaire developed based on the factors
identified in the interview phase. The statistical population
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of this research consisted of all employees and experts
within Tofigh Daru Company, specifically those involved in
or familiar with supply chain processes. Given the
judgmental nature of the sampling method and the
exploratory objectives of the research, a sample of at least
ten participants was deemed sufficient to ensure data
saturation and process reliability.

For data analysis, a combination of techniques was
utilized. First, content analysis was applied to the interviews
and expert opinions in order to extract meaningful concepts
and identify the of the
pharmaceutical supply and distribution chain. Then, the

main components smart
Delphi technique was used to filter, validate, and finalize the
extracted factors. This combination of methods ensured both
the richness of the initial data and the reliability of the final
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set of factors identified as influencing smart pharmaceutical
distribution.

3. Findings and Results

In the findings of this study, thirty-two factors were
extracted from the interviews using a content analysis
approach. It is important to emphasize that these factors are
preliminary and must be screened further using the Delphi
method. This screening process may reduce the number of
factors, or it may confirm all of them without reduction. The
next stage of the study will focus on this Delphi-based
refinement.

The table below presents all thirty-two extracted factors

along with illustrative excerpts from the interviews

Table 1

Extracted Factors

describing each factor.

No.

Final Factors

Interview Excerpt

1

Defect-free operations

“In my opinion, the most important factor in smart pharmaceutical distribution is ensuring defect-free processes
throughout the smart supply chain, because any defect can naturally disrupt system performance. Thus, defect-free
operations are one of the key conditions for achieving smart pharmaceutical distribution.”

“The pharmaceutical supply chain must be responsive, meaning it should be able to address demand and other
environmental needs. Generally, responsiveness is important in all supply chains, but it is even more critical in smart

“Members of the smart pharmaceutical supply and distribution chain must have the necessary credibility. This
credibility is determined by supply chain management, so a smart validation system must also be integrated into the

“Accessibility of the supplier, which is the first node of the supply and distribution chain, becomes even more
important in a smart supply chain. Thus, the smart system must enable access to suppliers for all members.”

“Non-replicability is, in my view, an important aspect that must be taken seriously.”

“Data protection and confidentiality are critically important. Today we often see this principle easily violated, which
can lead to significant damage. Therefore, the smart system must provide a solution for preserving data

“Members of the chain must have sufficient interaction with each other. This interaction leads to increased synergy in
“The supply chain must not be limited and should be expandable. This scalability can occur in one or across multiple
“The distribution network must be efficient, able to provide delivery services with maximum effectiveness and cost-
efficiency. This efficiency is not limited to cost; it can also include factors like delivery time or risk.”

“Service delivery in the smart distribution network involves high capacity. This capacity must be available across
various nodes from suppliers to distributors, and refers not just to physical or storage capacity, but also to the capacity
“Given that the smart supply chain is technology-based, continuous innovation in technology must occur. In other
“Beyond software and technology innovation, innovation in tools and hardware must also be taken seriously because
“Information must be correctly shared in the supply chain so that the goal of achieving a smart pharmaceutical supply
and distribution chain can be realized. Any flaw can harm all members and the entire supply chain.”

“Customer demand must be taken seriously, with necessary measures considered. In pharmaceuticals, uncertainty

dominates demand, and it is difficult to predict exactly how much demand will exist in a particular season or period.

“The government plays an important role in the pharmaceutical field because drugs are not ordinary goods. Thus,
policies issued by the government must aim to improve system efficiency and help achieve smart pharmaceutical

2 Chain responsiveness
pharmaceutical supply chains.”
3 Member validation
smart supply chain to design a reliable network.”
4 Supplier accessibility
5 Non-replicability
6 Data privacy
confidentiality, which is particularly important in smart supply chains.”
7 Inter-component
interaction the pharmaceutical supply chain.”
8 Supply chain scalability
layers of the supply chain.”
9 Distribution network
efficiency
10 Service capacity
to deliver service as efficiently as possible.”
11 IT innovation
words, we must never neglect innovation in information systems.”
12 Smart tool innovation
lagging in hardware can neutralize or undermine progress in software.”
13 Information sharing in
the supply chain
14 Customer demand focus
This must be managed with greater focus.”
15 Government industrial
policies
distribution.”
16 Logistics data sharing

“Data related to supply chain logistics are stored on tags like RFID in the smart supply chain. This data must be
properly shared — for example, pharmacies should know where and with which driver their ordered medicine is being
transported.”
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18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Intra-chain data sharing

Technology readiness

Demand fluctuations
Adequate staff and user
training

Partner communication
Diverse customer needs
Industry competition
Service differentiation

Supply chain structures

Investment in smart
assets

Free flow of knowledge
and information

Pharmacists’ IT literacy

Regional and cross-
border communication

High level of
specialized knowledge

IoT technology adoption

Supply chain integration

“At the chain level, data sharing must also be correctly managed — for example, sharing data within a layer or among
several nodes requires proper planning in the smart pharmaceutical supply chain.”

“Chain components must be technologically prepared. For example, we must know how ready pharmacies are in terms
of hardware or software if we plan to set up a smart pharmaceutical supply chain. In my view, hardware readiness is
perhaps even more critical.”

“Demand in the pharmaceutical supply chain is never stable. Therefore, demand fluctuations are important and must
be seriously addressed.”

“Proper training for staff and end-users, especially pharmacy staff, is critically important in the pharmaceutical supply
chain.”

“There are partners in the supply chain that must maintain proper communication with each other, aimed at achieving
the main objectives of the chain and not to be neglected.”

“Customers have different and diverse needs. Here, needs refer not to medicine demand itself (which is a separate
discussion), but to service delivery and related needs.”

“The pharmaceutical industry is competitive, which affects the smartness of the chain. The greater the competition, the
greater the need for smart supply chain processes.”

“Differentiated and categorized services can lead to better performance in smart pharmaceutical distribution, so
services must not be uniform and rigid.”

“The structures of the pharmaceutical supply chain must be examined and considered carefully to achieve smart
distribution.”

“In my view, unless there is proper investment in smart assets — meaning smart tools, hardware, software, and
technology — the smart pharmaceutical supply chain cannot be realized. Currently there is a significant gap that must
be addressed through commitment and effort.”

“The free flow of knowledge and information in the distribution network is essential. You cannot claim smartness
while data and knowledge do not flow properly across the supply chain.”

“Pharmacists and pharmacy doctors must have sufficient IT knowledge. Sometimes we see gaps in this regard, which
is unacceptable. This knowledge must gradually improve over time.”

“To achieve a smart pharmaceutical supply chain, we need to go beyond local and national levels and take a cross-
border and regional approach to better achieve smartness goals.”

“Specialized knowledge in the pharmaceutical field must also be taken seriously. We cannot rely solely on IT
expertise.”

“We must assess how much pharmacies, distribution centers, and transport hubs have accepted and implemented
Internet of Things technologies.”

“The supply chain must be integrated — meaning that members must perform and function similarly. This does not
negate diversity but means operationally we should have a consistent supply chain.”

In this section, the thirty-two factors of the smart
pharmaceutical supply chain were screened using the Delphi

Table 2

First Round of the Delphi Test

approach. First, the results of the first round of the Delphi
test are presented in the table below.

No. Factor 1 2 3 4 5 6 7 8 9 10 Mean
1 Defect-free operations 5 6 5 3 5 9 7 1 6 6 53
2 Chain responsiveness 10 9 10 5 9 4 2 3 7 2 6.1
3 Member validation 2 7 8 7 8 10 7 10 1 5 6.5
4 Supplier accessibility 7 10 8 6 7 6 10 8 9 6 7.7
5 Non-replicability 1 7 2 9 7 5 6 5 6 5 53
6 Data privacy 8 10 6 1 8 7 3 9 7 10 6.9
7 Inter-component interaction 10 5 8 6 3 8 1 4 2 6 53
8 Supply chain scalability 10 10 10 8 8 1 6 10 2 10 7.5
9 Distribution network efficiency 4 8 2 9 1 2 4 6 2 4 42
10 Service capacity 6 3 6 3 2 8 8 2 2 5 4.5
11 IT innovation 8 5 3 8 5 7 1 2 10 1 5
12 Smart tool innovation 1 4 4 2 10 5 9 7 4 2 4.8
13 Information sharing in the supply chain 2 8 8 9 5 7 1 1 7 8 5.6
14 Customer demand focus 6 5 9 9 8 2 3 7 10 1 6
15 Government industrial policies 8 3 1 3 5 4 1 6 8 10 4.9
16 Logistics data sharing 5 8 5 3 5 10 1 1 5 4 4.7
17 Intra-chain data sharing 5 6 8 4 1 3 2 7 6 10 52
18 Technology readiness 5 7 8 6 3 9 3 4 5 5.2
19 Demand fluctuations 9 4 3 5 9 3 6 1 4 8 52
20 Staff and user training 1 9 10 5 6 2 10 1 7 3 54
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21 Partner communication 9 5 1 9 9 8 1 3 7 1 53
22 Diverse customer needs 6 5 6 1 4 9 3 6 5 8 53
23 Industry competition 6 1 6 3 9 2 2 1 5 4 39
24 Service differentiation 5 1 4 1 4 8 7 6 2 9 4.7
25 Supply chain structures 8 10 8 6 6 1 6 6 1 7 5.9
26 Investment in smart assets 10 8 6 4 2 4 7 10 2 6 59
27 Free flow of knowledge and information 5 7 1 8 5 7 6 1 7 7 5.4
28 Pharmacists’ IT literacy 10 4 6 10 4 6 8 3 2 3 5.6
29 Regional and cross-border communication 7 5 4 4 5 7 5 9 10 6
30 High specialized knowledge 8 4 7 7 3 9 8 3 10 2 6.1
31 IoT technology adoption 10 8 1 1 6 6 1 3 4 6 4.6
32 Supply chain integration 7 7 9 8 5 9 8 7 2 2 6.4
As observed, the first round of the Delphi test was In the second round of the Delphi test, the thirty-two

completed, but to achieve more accurate results, a second factors were re-evaluated by the panel of experts. The results

round was conducted. In the next step, a comparison of the of this round are presented below.

means across the two rounds will be performed.

Table 3

Second Round of the Delphi Test
No. Factor 1 2 3 4 5 6 7 8 9 10 Mean
1 Defect-free operations 5 6 5 3 5 9 7 1 6 5 52
2 Chain responsiveness 10 9 10 5 9 4 2 3 6 1 59
3 Member validation 2 7 8 7 8 10 7 10 0 4 6.3
4 Supplier accessibility 7 10 8 6 7 6 10 8 9 6 7.7
5 Non-replicability 1 7 1 9 7 5 6 5 5 4 5
6 Data privacy 8 10 6 1 8 7 3 9 7 10 6.9
7 Inter-component interaction 10 5 8 6 3 8 1 4 1 6 52
8 Supply chain scalability 10 10 10 8 8 1 6 10 2 9 7.4
9 Distribution network efficiency 4 8 2 9 1 1 4 6 1 3 39
10 Service capacity 6 3 6 3 2 8 8 2 2 4 44
11 IT innovation 8 5 3 8 5 7 1 1 10 1 4.9
12 Smart tool innovation 1 4 4 1 10 5 9 7 4 1 4.6
13 Information sharing in the supply chain 2 8 8 9 5 7 1 1 6 8 5.5
14 Customer demand focus 6 5 9 9 8 2 3 7 9 1 59
15 Government industrial policies 8 3 1 3 5 4 1 6 7 10 4.8
16 Logistics data sharing 5 8 5 3 5 10 1 1 4 3 4.5
17 Intra-chain data sharing 5 6 8 4 1 3 2 7 6 9 5.1
18 Technology readiness 5 7 8 6 3 9 3 4 5 1 5.1
19 Demand fluctuations 9 4 3 5 9 3 6 1 4 8 52
20 Staff and user training 1 9 10 5 6 1 10 1 7 2 5.2
21 Partner communication 9 5 1 9 9 8 1 3 7 1 53
22 Diverse customer needs 6 5 6 1 4 9 3 6 4 8 52
23 Industry competition 6 1 6 3 9 2 1 1 4 4 3.7
24 Service differentiation 5 1 4 1 4 8 7 6 1 8 4.5
25 Supply chain structures 8 10 8 6 6 1 6 6 0 6 5.7
26 Investment in smart assets 10 8 6 4 2 4 7 10 1 5 5.7
27 Free flow of knowledge and information 5 7 1 8 5 7 6 1 7 7 5.4
28 Pharmacists’ IT literacy 10 4 6 10 4 6 8 3 1 2 5.4
29 Regional and cross-border communication 4 7 5 4 4 5 7 5 8 9 5.8
30 High specialized knowledge 8 4 7 7 3 9 8 3 9 2 6
31 10T technology adoption 10 8 1 1 6 6 1 3 3 5 44
32 Supply chain integration 7 7 9 8 5 9 8 7 2 1 6.3

After completing the second round, the next step involved between the two sets of results. This comparison is presented
comparing the means of both rounds to identify differences in the following table.
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Table 4

Differences Between First and Second Delphi Rounds

No. Factor First Round Mean Second Round Mean Difference
1 Defect-free operations 53 52 0.1

2 Chain responsiveness 6.1 59 0.2

3 Member validation 6.5 6.3 0.2

4 Supplier accessibility 7.7 7.7 0

5 Non-replicability 53 5 0.3

6 Data privacy 6.9 6.9 0

7 Inter-component interaction 53 5.2 0.1

8 Supply chain scalability 75 74 0.1

9 Distribution network efficiency 42 3.9 0.3

10 Service capacity 4.5 4.4 0.1

11 IT innovation 5 49 0.1

12 Smart tool innovation 4.8 4.6 0.2

13 Information sharing in the supply chain 5.6 5.5 0.1

14 Customer demand focus 6 59 0.1

15 Government industrial policies 49 4.8 0.1

16 Logistics data sharing 4.7 4.5 0.2

17 Intra-chain data sharing 52 5.1 0.1

18 Technology readiness 5.2 5.1 0.1

19 Demand fluctuations 52 52 0

20 Staff and user training 54 52 0.2

21 Partner communication 5.3 5.3 0

22 Diverse customer needs 53 52 0.1

23 Industry competition 39 37 0.2

24 Service differentiation 4.7 4.5 0.2

25 Supply chain structures 5.9 5.7 0.2

26 Investment in smart assets 59 5.7 0.2

27 Free flow of knowledge and information 54 54 0

28 Pharmacists’ IT literacy 5.6 54 0.2

29 Regional and cross-border communication 6 5.8 0.2

30 High specialized knowledge 6.1 6 0.1

31 ToT technology adoption 4.6 44 0.2

32 Supply chain integration 6.4 6.3 0.1

Given that the acceptable threshold of difference which have differences exactly at 0.1, are considered
indicating consensus is 0.1, some factors must proceed to a acceptable and do not require additional rounds. In the next
third round for further evaluation. However, factors such as section, the third round of the Delphi test is implemented.

high specialized knowledge and supply chain integration,

Table 5

Third Round of the Delphi Test

No. Factor 1 2 3 4 5 6 7 8 9 10 Mean
1 Chain responsiveness 10 9 10 5 9 4 2 3 6 1 5.9
2 Member validation 2 7 8 7 8 10 7 10 0 3 6.2
3 Non-replicability 1 7 1 9 7 5 6 5 5 3 4.9
4 Distribution network efficiency 4 8 2 9 1 1 4 6 1 2 38
5 Smart tool innovation 1 4 4 1 10 9 7 4 0 4.5
6 Logistics data sharing 5 8 5 3 5 10 1 1 4 2 44
7 Staff and user training 1 9 10 5 6 1 10 1 7 1 5.1
8 Industry competition 6 1 6 3 9 2 1 1 4 3 3.6
9 Service differentiation 5 1 4 1 4 8 7 6 1 7 4.4
10 Supply chain structures 8 10 8 6 6 1 6 6 0 5 5.6
11 Investment in smart assets 10 8 6 4 2 4 7 10 1 4 5.6
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12 Pharmacists’ IT literacy 10 6 10 4 6 8 3 1 1 53
13 Regional and cross-border communication 4 5 4 4 5 7 5 8 8 5.7
14 IoT technology adoption 10 1 6 6 1 3 3 4 43

Table 6

Differences Between Second and Third Delphi Rounds

No. Factor Second Round Mean Third Round Mean Difference
1 Chain responsiveness 59 5.9 0
2 Member validation 6.3 6.2 0.1
3 Non-replicability 5 49 0.1
4 Distribution network efficiency 39 3.8 0.1
5 Smart tool innovation 4.6 4.5 0.1
6 Logistics data sharing 4.5 44 0.1
7 Staff and user training 52 5.1 0.1
8 Industry competition 3.7 3.6 0.1
9 Service differentiation 4.5 44 0.1
10 Supply chain structures 5.7 5.6 0.1
11 Investment in smart assets 5.7 5.6 0.1
12 Pharmacists’ IT literacy 54 53 0.1
13 Regional and cross-border communication 5.8 5.7 0.1
14 IoT technology adoption 4.4 4.3 0.1

As seen in the table above, the differences between the
second and third rounds are all within the acceptable

threshold of 0.1. This indicates consensus among the

Table 7

Final Factors from the Delphi Method

experts. Therefore, all thirty-two extracted factors are
considered validated by the Delphi process and will be

included in the analysis.

No. Final Factors

1 Defect-free operations

2 Chain responsiveness

3 Member validation

4 Supplier accessibility

5 Non-replicability

6 Data privacy

7 Inter-component interaction

8 Supply chain scalability

9 Distribution network efficiency
10 Service capacity

11 IT innovation

12 Smart tool innovation

13 Information sharing in the supply chain
14 Customer demand focus

15 Government industrial policies
16 Logistics data sharing

17 Intra-chain data sharing

18 Technology readiness

19 Demand fluctuations

20 Staff and user training

21 Partner communication

22 Diverse customer needs

23 Industry competition

24 Service differentiation

25 Supply chain structures

26 Investment in smart assets

27 Free flow of knowledge and information
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28 Pharmacists’ IT literacy
29 Regional and cross-border communication
30 High specialized knowledge
31 IoT technology adoption
32 Supply chain integration

Given that the thirty-two extracted factors are detailed
components, they can be grouped under broader primary
factors. This categorization is shown in the table below.

Table 8

Main and Sub Factors Extracted

No. Main Factors Sub Factors

1 Governance-related factors Government industrial policies

2 Non-replicability

3 Industry competition

4 Investment in smart assets

5 Regional and cross-border communication
6 Network-related factors Distribution network efficiency

7 Partner communication

8 Supply chain scalability

9 Chain responsiveness

— e e e
A WO = O

Technology-related factors

e e S
O 00 3 &N W

Member-related factors

NN NN
W N = O

Data-related factors

NN NN
0 N N W oK

Service-related factors

W N
[=JNe]

Demand-related factors

W W
N —

Member validation

Supply chain structures
Free flow of knowledge and information
Supply chain integration
Technology readiness
Defect-free operations

High specialized knowledge
IoT technology adoption
Smart tool innovation

Staff and user training
Inter-component interaction
Pharmacists’ IT literacy
Supplier accessibility

IT innovation

Information sharing in the supply chain
Logistics data sharing

Data privacy

Intra-chain data sharing
Service capacity

Service differentiation
Customer demand focus
Demand fluctuations
Diverse customer needs

At this point, seven main factors affecting the smart
pharmaceutical distribution chain have been identified. In
the next section, agent-based simulation will be used to

analyze them and determine their impact levels.

4. Discussion and Conclusion

The present study aimed to identify and validate the key
factors influencing smart pharmaceutical distribution by

utilizing expert interviews and a multi-round Delphi

technique. The process led to the extraction of 32 specific
factors, which were further classified under seven broader
categories: governance-related, network-related,
technology-related, member-related, data-related, service-
related, and demand-related dimensions. The Delphi results
demonstrated expert consensus across all three rounds, with
all 32 factors showing acceptable variation thresholds (<
0.1), suggesting a robust agreement on their relevance and

applicability.
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Among the most strongly validated factors were supplier
accessibility, data privacy, supply chain scalability,
blockchain and IT innovation, and defect-free operations.
The emphasis on traceability and transparency throughout
the pharmaceutical distribution chain aligns with recent
literature highlighting blockchain’s critical role in ensuring
authenticity, provenance, and secure tracking of
pharmaceuticals (Bapatla et al., 2022; Chiacchio et al., 2022;
Gaynor et al., 2024). In particular, the integrity of drug
records and resistance to tampering through decentralized
ledger systems have been emphasized as pivotal in both
combating counterfeit drugs and enhancing consumer trust
(Dura-Hernandez et al., 2023). The validation of “data
privacy” as a priority factor further underscores the
importance of trust and information security, especially in
digital health ecosystems that manage sensitive patient and
inventory data.

Moreover, “smart tool innovation” and “loT adoption”
emerged as critical technological enablers. These findings
resonate  with  previous research indicating the
transformative impact of intelligent sensing devices, RFID
technologies, and IoT in ensuring real-time visibility and
adaptive decision-making in pharmaceutical logistics
(Nagpal et al., 2025; Sarkar, 2023; Yadav, 2024). These
technologies allow for automated tracking of temperature-
sensitive drugs, which is particularly crucial in cold chain
contexts, as validated in earlier works on smart parcel
lockers and routing algorithms for last-mile delivery
optimization (Aghdam et al., 2024).

Interestingly, “inter-component interaction” and “partner
communication” were also strongly affirmed by experts,
indicating that beyond technological infrastructure, the
collaborative dynamics of actors within the supply chain
significantly determine success. This finding supports earlier
studies on the social and organizational aspects of smart
distribution, especially those emphasizing leadership
culture, knowledge-sharing behaviors, and organizational
readiness (Hassan, 2025; Mahmoud et al., 2025). Effective
integration of smart systems requires that all stakeholders—
manufacturers, distributors, pharmacists, regulators, and
patients—operate within a cooperative and informed
ecosystem.

The role of governance-related factors such as
“regulatory  policies,” “regional and cross-border
communication,” and “investment in smart infrastructure”
also featured prominently in the validated framework. This
highlights the need for supportive policy environments and

targeted investments to facilitate the adoption of intelligent
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systems across the pharmaceutical supply chain. Previous
research has echoed this need, emphasizing that regulatory
alignment, legal clarity, and financial incentives are essential
enablers of digital transformation in the pharmaceutical
sector (Alfaiza et al., 2021; Ngah et al., 2019). Without such
top-down structural support, even the most advanced

technological systems may remain fragmented or
underutilized.
Demand-related factors, including “demand

G

fluctuations,” “customer need diversity,” and “focus on
demand,” were validated as key concerns in the
implementation of smart distribution strategies. This is
consistent with the broader literature on demand-driven
supply chain models, where forecasting and responsiveness
are essential capabilities (Gaynor et al., 2024; Hwang et al.,
2021). The unpredictability in drug consumption patterns,
particularly during crises (e.g., pandemics or supply
disruptions), underscores the importance of dynamic and
data-driven distribution systems that can respond in real time
to changing demand signals.

Another noteworthy finding is the high consensus on the
importance of “defect-free operations” and “member
validation.” These factors represent foundational concerns in
pharmaceutical logistics, where any lapse in product quality
or procedural integrity can have life-threatening
implications. The convergence of blockchain with validation
protocols has been previously recognized as a key driver in
reducing operational errors, ensuring accountability, and
certifying authenticity at every node in the supply chain
(Dura-Hernandez et al., 2023; Jaleel, 2024).

Further, the grouping of 32 detailed factors into seven
primary categories provides a systemic view of smart
distribution. It

technological upgrades alone are insufficient without

pharmaceutical demonstrates  that
aligning network design, workforce capabilities, governance
structure, and demand responsiveness. This holistic
approach is reflected in enterprise architecture-based digital
transformation models proposed in recent work (Wedha et
al., 2023). These frameworks emphasize interoperability and
cross-layer coordination as essential to sustaining long-term
benefits.

Moreover, the prominence of “training for staff and end-
users” and “pharmacists’ IT literacy” reinforces that human
capital is integral to the digitalization journey. As the
pharmaceutical workforce increasingly interacts with data
dashboards, blockchain interfaces, and IoT-driven inventory
systems, continuous upskilling becomes a necessity
(Mahmoud et al., 2025). The successful implementation of
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such systems thus requires change management strategies
that account for the behavioral and cognitive adaptability of
stakeholders.

Taken together, the findings of this study not only
validate specific operational, technological, and strategic
elements but also offer a comprehensive model for
implementation planning. The integration of these validated
factors into simulation models, decision-support systems, or
maturity assessment tools can greatly enhance strategic
planning and operational resilience in the pharmaceutical
industry. The agreement across three Delphi rounds further
strengthens the credibility of these insights and confirms the
convergence of expert opinion on what constitutes a truly
smart pharmaceutical distribution system.

While the study benefits from a rigorous Delphi
methodology and a diverse set of expert inputs, it is not
without limitations. First, the scope of the study was
restricted to a specific pharmaceutical firm, which may limit
the generalizability of findings to broader or international
contexts. Second, the expert panel, although sufficiently
diverse, was limited in size, and larger panels may produce
additional insights or refinement of factors. Third, while the
Delphi method is excellent for building consensus, it may
also introduce conformity bias, wherein experts align with
group averages rather than presenting divergent but valid
perspectives. Additionally, the study did not apply
quantitative methods or simulation modeling, which could
further validate the relative weight or interaction effects
among the identified factors.

Future studies should expand the investigation by
applying the validated factor model to multiple
pharmaceutical supply chains across varied geographical
and regulatory environments. Comparative case studies
could explore how the identified factors perform under
different

conditions. In addition, integrating these findings into

institutional, cultural, and infrastructural
quantitative simulation frameworks such as system
dynamics or agent-based modeling could yield insights into
the real-time impact of each factor on efficiency, cost, and
resilience. Researchers may also examine the role of
emergent technologies such as Al-based predictive
analytics, digital twins, or decentralized autonomous
(DAOs) in
logistics. Finally, longitudinal research could explore how

organizations enhancing pharmaceutical
the importance or interaction of these factors evolves over
time, particularly in response to crises or regulatory changes.

Organizations aiming to implement smart pharmaceutical

distribution should approach the transformation holistically.
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Investment in enabling technologies must be complemented
by human capital development, regulatory alignment, and
collaborative governance. Decision-makers should prioritize
factors such as data integrity, supply chain visibility, and
responsive governance structures. Training programs must
be developed to improve digital literacy among pharmacists
and logistics personnel. Strategic partnerships with
technology providers, policymakers, and academic
institutions can accelerate readiness. Finally, a phased
implementation plan that pilots key technologies and
measures performance outcomes can reduce risk and ensure

long-term sustainability.
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