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Blockchain technology is increasingly recognized as a transformative tool for improving agri-food
supply chain (ASC) performance, particularly in enhancing transparency and traceability.
Nonetheless, it has still not been widely adopted in developing nations like Pakistan. This study
investigates the impact of blockchain adoption on ASC performance, incorporating transparency
as a mediating variable and the Internet of Things (IoT) as a moderating factor within the Unified
Theory of Acceptance and Use of Technology (UTAUT) framework. Data were collected from 333
professionals in Pakistan’s agri-food sector and analyzed using smart PLS, with mediation and
moderation effects. The findings reveal that blockchain adoption significantly improves supply
chain performance. Transparency partially mediates this relationship, while IoT strengthens the
effect by enabling real-time data sharing and monitoring. The study offers new insights into

Internet of Things

Supply Chain Performance
Mediation Analysis
Moderating Effect

literature by extending UTAUT through the integration of blockchain and IoT, and by empirically
validating their combined impact in a developing economy context. In practice, the results provide
practical information to policy makers and industry players with a view to improving efficiency,
accountability, and sustainability in the agri-food supply chains.

© 2027 by the authors; licensee Growing Science, Canada.

1. Introduction

Global supply chains are becoming more intricate and difficult owing to ongoing uncertainties and great market
competition. In addition, a primary concern for companies is to gather accurate and high-quality data at an optimal time,
enabling them to swiftly and efficiently share it with both internal and external departments, quickly, thereby facilitating
improved large-scale decision-making (Azizi et al., 2021). Rapid advances in technology are forcing the management
to acquire new skills, by improving structures of their organizations. This creates a completely new business
environment for SC (Roozkhosh et al., 2023). The core purpose of SCM is to get integration, as greater consolidation
can enhance operational efficiency by minimizing demand uncertainty, improving supplier performance and reducing
delays in transportations. This in turn helps overall uncertainty within the business environment (Aslam et al., 2021).
Hence, it is important to prepare a fast and secure supply in this period, first to identify the needs of companies and
gather the specific information to analyze the data for comprehensive and deep knowledge on the ongoing
activities. However there remain several theoretical gaps that need attention to resolve in the upcoming studies. Most
of the earlier studies have looked at technology adoption separately, focusing on IoT or on blockchain. For instance,
Aamer A.M. et al.,, (2021), explored few IoT adoption in food SC studies. Khan et al., (2022) highlights the
implementing blockchain in food SC specifically under India’s circumstances. Kshetri, (2021) explores the challenges
associated with implementing blockchain platforms in SCM and highlights blockchain's unique features that can support
the enforcement of sustainability standards, particularly in developing nations. M. H. Ali et al., (2021) suggest that
incorporating or replacing existing systems with blockchain technology could offer a new and aligned perspective for
the halal food supply chain; however, its implementation comes with considerable challenges. This study aims to fill
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these gaps by investigating the moderating role of IoT in the adoption of blockchain technology, offering a novel
perspective on how this integration influences SC transparency and performance in the agri-food industry.

Blockchain is composed of two words “block™ and “chain” which forms a list by connecting the headers of each block
together (Tripoli & Schmidhuber, 2018). It is a peer-to-peer blockchain maintained through a decentralized grid of
blocks, enabling secure storage and retrieval of information. The header in block records the data consisting of time
stamp, unique identifier, hash, and root value of the previous block, ensuring that blockchain information remains
immutable and consistent by preventing any changes (Baralla et al., 2019). It is a distributed ledger that is used by
members of the community to share data with each other without involving a third party and can track every transaction
rather than keeping information on a single server. Blockchain works on peer-to-peer networks, operating as a distributed
ledger with a decentralized control. Its operating system makes it unique from other distributed ledgers in that it involves
data encryption and replication across multiple nodes, each of which maintains an independent copy. It minimizes the
number of intermediaries such as banks or other regulators.

The agri-food SC faces several issues, including efficiency and transparency, which has led to considerable interest in
promising technologies such as blockchain. The implementation of blockchain in the agri-food supply chain helps
address gaps left by existing systems by better meeting consumer expectations for food safety, product quality,
traceability, reduced waste, and secure data exchange. Compared to the traditional SCs, this technology improves the
openness, ethics, and overall flow of these supply chains (Gazzola, 2023). In 2016, Walmart and IBM used a blockchain
technology platform in food SCM, where, using the mango sample, the chain of experience was reduced to 2.2 seconds
from the usual 7 days. When it comes to on-chain traceability, Hyperledger Fabric guarantees it for both mangoes
originating from the United States and pork from China (Minky Sharma, 2022). There are a number of problems
associated with managing paper documents, such as vulnerability to damage, loss or difficulties with long-term storage.
On the other hand, digitalizing all the SCM processes can lead to better logistics optimization, better and easier access
to data, and better supply chain management in general (Bigliardi, 2022). For example, by having SC data in a digital
and tamper-proof format, countermeasures to improve the traceability of information flows can be effectively
implemented, which in turn minimizes the risk of fraud. In addition, the technological advances in inter-entity data
sharing offer some SC participants the opportunity to generate new revenue streams (Kromes et al., 2024). Building on
this, the study investigates the following questions:

RQ.
L. How and under what conditions does blockchain adoption and transparency affect the food SC in Pakistan?
II. How does IoT moderate the indirect relationship between blockchain adoption and performance of food SC

through transparency in Pakistan?

Looking at the existing research and studies, the valuable and unique features of blockchain technology have a profound
influence on the entire agri-food SC, providing the traceability, transparency and security in all the processes involved,
making the industry stand out and providing competitive advantages. The structure of the blockchain ledger employs a
validation mechanism, where the majority of nodes in the network agree on a certain state of the block, making it
immutable, and all entries in the blockchain are visible to stakeholders (Bhutta & Ahmad, 2021). The distributed ledger
technology it employs provides substantial security, thereby rendering it challenging to amend or modify the information
that has been documented (Bonson, 2019).

In the past, researchers have found profound benefits of the blockchain technology as a tool for better data management,
security and increased transparency (Rejeb, 2021; Cole, 2019; Rejeb, 2021; Wang, 2021). Hosseini Bamakan et al.,
(2021), described the underlying characteristics of blockchain in the context of the pharmaceutical supply cold chain
and the various challenges of implementing blockchain. A descriptive analysis was carried out by Lim et al., (2021),
which examined a variety of topics, including the methodology of blockchain implementation. Gertrude Chavez-
Dreyfuss, (2018) defines how blockchain is employed by Coca Cola in relation to sugarcane plantations, in order not to
authorize forced labor. However, empirical experience of this type of new technology is still scarce. Many of their
benefits focus on those concerning aspects that are associated with the SC management, perceived quality, actual quality
and food quality attributes and their impact on the economic performance of firms. This study aims to examine this
through the lens of RBV, which can provide deeper insights into how agri-food firms can leverage blockchain and IoT
as strategic opportunities. The study is innovative as it is the first to combine the two technologies of IoT and blockchain
with each other, and offers worthwhile and distinct information to scholars and practitioners within the agri-food SC
industry particularly in developing nations since most of the earlier studies are dominated by developed nations. [oT
can provide real-time data, improve decision making and monitoring through sensors in the SC context.

This research focuses on investigating the conditions under which the adoption of blockchain technology affects the
performance and effectiveness of the food SC in Pakistan. The objectives of this research work are multifaceted and
aim to comprehensively explore the complex dynamics between blockchain adoption, food SC transparency, and the
moderating role of IoT technologies in Pakistan. First, the study aims to determine the level of adoption of this
technology in Pakistan's food SC and assess its impact on improving transparency. Second, it aims to analyze the
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contextual conditions under which blockchain adoption affects the efficiency and effectiveness of food SC. Furthermore,
this study explores the moderating role of the IoT in shaping the relationship between blockchain adoption and supply
chain performance, highlighting how IoT can strengthen or alter this association. It also investigates the indirect
influence of blockchain adoption on supply chain performance through the mediating effect of transparency. By
addressing these relationships, the study offers valuable insights into the application of emerging technologies in supply
chain management, contributing to both theoretical development and practical implementation. Specifically, the
integration of blockchain with IoT enables real-time information sharing, enhances data security through immutable
records, and improves operational efficiency, ultimately facilitating better coordination among supply chain
stakeholders.

The paper begins with a literature review on Blockchain technology, Internet of Things (IoT), and Transparency,
followed by hypothesis development, theoretical framework, and research methodology. It then presents the data
analysis and findings, discusses practical implications, and concludes with limitations and directions for future research.

2. Literature Review
2.1 Conception of blockchain

Firstly, Stuart Haber and W. Scott Stornetta introduced this technology as blockchain in 1991, but it was not developed
as we know it today until 2008 (Kumar Bhardwaj et al., 2021b). Blockchain represents a decentralized and securely
distributed network of nodes (Raoufi et al., 2025; Taylor et al., 2020). Data is organized in the structure of blocks, each
possessing a predetermined capacity. Upon achieving their maximum limit, these blocks are sealed and connected with
the preceding filled block, thereby forming a sequential series of blocks referred to as a blockchain. The interconnection
of blocks is achieved through advanced encryption and hashing methods to guarantee the secure and permanent
recording of transactions (Roozkhosh et al., 2023).

The hash numbers are generated using different hash value algorithms and the implementation of the required block
content via secure hash algorithm. In blockchain structure, all blocks remain interconnected, ensuring that the hash
connection between any two blocks remains in unalterable state. Each block also contains a timestamp that records the
exact time and date when it happened. The cryptographic hash secures each entry in the previous block (Crosby &
Kalyanaraman, 2016). To effectuate a modification to the preceding block, it is imperative that all subsequent blocks be
concurrently substituted. Ledger is authenticated and preserved by a node network in accordance with a predetermined
consensus protocol, with many nodes possessing a comprehensive replica of the entire database (Kumar Bhardwaj et
al., 2021b). It is a decentralized platform where no single governing entity is required. All changes and verification of
transactions are contingent upon the consensus achieved among the participants of the network, and each participant
possesses the capability to track each transaction’s source (Kumar Bhardwaj et al., 2021a).

2.2 Transparency

Transparency is a concept that refers to the clear information about an entity that is visible to everyone, thereby
increasing public access to information (Ball, 2009). Transparency or openness of the information is seen as a tool of
an actor during the negotiations (Clark, 2005). Transparency in the SC is defined as how information is shared and
communicated between the stakeholders (Morgan et al., n.d.). Additionally, Buell et al. (2016) highlight the visual
concept of transparency between consumers and producers, which shows that increased transparency improves the
relationship between customer perceptions of service and service improvement, thereby improving the performance of
both sides. In the SC, the role of transparency is immense. The visibility of information and data used in the SC
operations to each participant in the entire SC process enhances and improves the supply chain, leading to improved SC
performance and resilience (Sabahi & Parast, 2020). When discussing SC in the agri-food sector, transparency is
considered to be highly specialized as it involves the sensitive information such as temperature, perishables, expiry dates
and product origin (especially in the case of Halal). Buell et al. (2016) discussed the traceability and tracking of the agri-
food products in the SC. It is a hot area of application to work on the transparency of the agri-food SC to trace the
products from production to transportation, storage and delivery stages.

2.3 IoT

The Internet of Things (IoT) marks the next evolution of the Internet-related embedded ICT systems that covertly unify
the supply chain and logistics processes in an online space (Vass, 2020). The [oT technology can help companies to
gather real-time information regarding different operations. This information assists manufacturers to plan and predict
required changes that will lead to cost control, workforce management, inventory management among other operation
requirements (Aishwarya Dasha, 2024). Integrating Internet of Things (IoT) technology into the food SC can
significantly improve performance through improved monitoring, tracking and overall efficiency. It is clear from many
situations that there is no single definition of the slander of IoT. The basic idea behind IoT is to enhance the ability of
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everyday objects to recognize, perceive, connect and process information. This enables objects to communicate and
perform tasks over the Internet (L. Atzori, 2010). The use of IoT devices in agriculture aims to highlight the disruptive
impact of integrating these technologies into agricultural practices. Long-term studies and industry research have shown
that IoT has significantly enhanced the information gathering, monitoring and decision-making capabilities of smart
agriculture (Chiranjeevi, 2021).

2.4 Outcome of blockchain adoption in agri-food supply chain performance

The agri-food SC comprises a multifaceted chain architecture that consists of agricultural producers, agricultural
commodities, distributors, transportation entities, retailers, and end consumers, with an emphasis on the introduction of
diverse food products into the marketplace (Nayal et al., 2023). In the 14.0 food industry, agri-food supply has been
shifted worldwide due to changes in marketing technology and consumer trends (Mohammed et al., 2023). The
phenomenon of globalization exacerbates the intricacies and obstacles faced by the agri-food sector, including threats
to food security, inadequacies in infrastructure, financial constraints, insufficient institutional support for food policies,
and fraudulent activities, all of which contribute to structural disparities and diminish the efficacy of the SC process
(Weerabahu et al., 2022). Meanwhile, blockchain technology with its unique features of security and reliability comes
as a best solution to control the disruptions in the agri-food SC and enhance its performance (Sharma et al., 2024).
Roozkhosh (2022) states that blockchain makes participants with different distances and time zones accessible to each
other, which is more effective through the establishment of trust among stakeholders. Regarding the benefits of SCM,
blockchain technology offers a secure and transparent way of tracing the flow of goods, reducing fraudulent actions,
eliminating fake products and enhancing efficiency (Wang, 2020). In addition, A case study by IBM (2022) on their
Food Trust blockchain platform demonstrates how the technology has helped companies such as Walmart and Nestlé
reduce food waste and improve supply chain transparency. A report by (Deloitte, 2021) highlights how smart contracts
can reduce transaction costs and enhance the efficiency and reliability of financial settlements. The adoption of
blockchain has the unique advantage of reducing the lead time during shipping of goods (Shuyi Pu, 2021). This can be
achieved by switching from manual documentation to digitalization of documents and removing the intermediaries
(Ebru Surucu-Balci, 2024; Hewa, 2021. ). Cagliano (2021) finds that the handling of paper documents (completion,
verification and exchange) accounts for 29% of the overall delivery time from production to retail. The adoption of
blockchain in the agri-food SC removes expensive intermediaries, which helps to reduce system delays. Overall,
blockchain significantly improves SCM in terms of design, organization and operations (Kamble S. S.,2020). According
to a study by (Tian, 2020) blockchain can automate and simplify processes such as payments, contracts, and inventory
management, enabling faster and more accurate transactions.

3. Research Model and Hypothesis Development

The conceptual framework of this research integrates theoretical constructs and practical components to understand the
interaction between blockchain technology, IoT and SC performance. After a careful analysis of relevant theories used
in previous studies, the author has adopted Unified Theory Of Acceptance and Use of Technology (UTAUT) to
understand the impact of blockchain adoption in ASC.

loT
+
Adoption of H2 (+) Performance of Agri-
) 4 Transparency Food Supply Chain
Blockchain H3 (+)

H1(+)

Fig. 1. Conceptual Framework

UTAUT delivers a structured framework to understand how the adoption of blockchain technology can improve SC
performance, particularly addressing key determinants like performance expectancy (PE), effort expectancy (EE), social
influence (SI), facilitating conditions (FC) (S. S. Ali et al., 2024). UTAUT provides a basic model that explains how
organizations adopt new technologies including blockchain and IoT, in the agri-food SC. UTAUT, developed by
Venkatesh et al., 2003, describes how individual organizations process to adopt the benefits of new technology
intentions. The agri-food SC performance benefits from UTAUT, as it explains how stakeholders value blockchain and
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10T tools to achieve improved transparency and traceability measures with improvements in operational effectiveness.
UTAUT serves as an effective model to measure the factors of technology adoption in this sector, as it assesses PE
alongside EE and SI and FC. The selected framework helps to explain how blockchain and IoT systems overcome
critical challenges in ASC, reducing waste and ensuring better food safety and effective resource utilization. The
research model encompasses a total of four variables, with blockchain as the independent variable (I.V.) and SC
performance as dependent variable (D.V.) as shown in Fig. 1. Transparency serves as a mediating variable in the
relationship between blockchain and SC performance. 10T acts as a moderating variable in this research.

3.1 Relation between blockchain adoption and supply chain performance

In Industry 4.0, blockchain has emerged as a promising technology that offers unique features in the SC space.
Blockchain is seen as a more reliable, transparent, cost-efficient and effective tool. Growing concerns about opacity,
and food quality issues and supply delays in the agri-food sector require a platform that can provide the characteristics
to overcome these issues in the agri-food sector. The World Health Organization (WHO) reported that 420,000
individuals are dying annually around the globe because of food-related issues. The emergence of disturbances within
the global SC has engendered heightened risks of fraudulent activities and vulnerabilities within the agricultural-food
supply chain. This situation underscores the significance of blockchain technology in the realm of the agricultural-food
SC sector. Blockchain ensures the traceability, agri-food safety and accountable records of SC. It is a decentralized
approach that encodes information into blocks, which provide the immutable records of transactions. Blockchain
technology provides end-to-end traceability in real time by capturing, sharing and transmitting reliable information
stored in the form of blocks between both upstream and downstream entities. Each transaction can be traced back to the
appropriate block in the blockchain using a timestamp (Perboli, 2018). It is difficult to change or replace the records in
the data stored in blocks, which are linked together and information is visible to each participant in the SC. Any change
or alteration to the data is transparent throughout the SC cycle. Therefore, blockchain has the potential characteristics
of secure supply, reducing waste, minimizing transaction costs, combating fraud and providing a secure access to
information. It is also proposed to impact critical aspects of SC management such as cost, speed, quality, reliability,
sustainability, risk management, and flexibility (Kshetri, 2018). Based on positive performance expectancy, the
stakeholders take a decision to adopt the blockchain. Performance expectancy in the UTAUT paradigm receives support
from blockchain capabilities to improve process visibility and operational efficiency. Therefore, the first hypothesis of
this study is developed as:

Hi: Blockchain adoption positively impacts the performance of agri-food SC in Pakistan
IoT and SC performance

Blockchain has revolutionized in the 14.0 with its properties, and it is sometimes compared to other internet tools in its
impact. The integration impact of blockchain with these tools provides more useful and important services. The adoption
of blockchain, Al and IoT in the agri-food sector transforms it into the agri-food value chain from production to
consumption. The adoption of blockchain with IoT increases transparency, improves productivity, promotes
accountability and trust among stakeholders. IoT provides the ability to track goods using RFID tags to locate the
destination and helps in monitoring the temperature, which protects the products from spoiling during the transportation.
This feature of IoT enhances the impact of blockchain adoption to achieve better SC performance in the agri-food sector.
Blockchain and IoT are increasingly being implemented, enabling greater SC efficiency and greater sustainability in
agriculture (Ronaghi, 2021). These characteristics of IoT make it a distinctive resource in the agri-food SC. It states that
IoT complements the involvement of blockchain technology in ASC, increasing agri-food transparency through offering
real-time data and connectivity. As a result, IoT amplifies the effect of blockchain adoption in ASC, aligning with FC
and PE constructs of UTAUT. Accordingly, our second hypothesis is:

H2. IoT positively moderates the relationship between blockchain adoption and SC performance in Pakistan

Transparency and SC performance

Incorporating blockchain technology into agri-food SCs makes a significant difference in tackling the current challenges
of transparency and efficiency. Through blockchain, all participants are offered access to an immutable and verifiable
source of information. This combination of technologies ensures a clear and transparent flow of physical goods and
information, with every transaction and movement in the SC recorded and available only to authorized individuals
(Hasan & Habib, 2024). Such comprehensive documentation and transparency greatly reduce the risk of fraud and error
that often exists in traditional agri-food SCs. Moreover, this enhanced transparency fosters trust among various
stakeholders, encompassing producers and suppliers to merchants and end-users, thereby facilitating a more cooperative
and secure SC milieu (Saberi et al., 2019). Transparency in ASC has become a focal point due to its ability to transform
the agricultural industry. It enhances operational efficiency, reduces potential losses, guarantees the safety of food
products, and fosters increased trust between users and various stakeholders. The perception of what benefits blockchain
adoption provides for stakeholders determines their performance expectancy under UTAUT. The improved transparency
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through blockchain adoption makes stakeholders more inclined to recognize how the technology improves their overall
performance. Performance benefits from blockchain adoption filter through transparency which functions as the
operational mechanism connecting better efficiency, traceability and trust with improved SC performance. Therefore,
increased transparency aids as a positive mediator in the link between the adoption of blockchain technology and the
performance of SC by increasing visibility and security. Therefore, we propose the third hypothesis as follows:

H3. Transparency mediates the relationship between blockchain adoption and supply chain performance of agri-food in
Pakistan

4. Methodology
4.1 Research Design

The research question will be addressed in the study using a quantitative based data collection since the topic needs to
be studied in depth to address the research question. A primary information collection is used to collect the required
data. An online Google Form survey is used to collect data and responses are scored on a 5-point Likert scale, where
“5” represents strongly agree and “1” represents strongly disagree. A five-point Likert scale is widely used in
quantitative research to collect data due to its straightforwardness, simplicity and easy approach to obtain fair responses
from respondents. To validate the questionnaire, it was pretested by 5 experts from academia and 23 supply chain
professionals working specifically in the agri-food sector. The questions of the construct were modified to make them
easy to understand for the respondents according to the recommendations of the experts. Pakistan is known globally in
the agri-food sector, as agriculture is considered the backbone of Pakistan’s economy and the main source of Pakistan’s
GDP. A Convenient data collection method with non-probability sampling was used in this study due to its simplicity
and practicality features (Etikan, 2016). The target respondents of this study are all those associated with the agri-food
supply chain, including farmers, processors, retailers, and IT professionals working on the blockchain and IoT
technologies for distribution in the agri-food SC.

There are several methods available in the literature for determining the sample size. In order to select an appropriate
sample for analysis and ensure compliance with good statistical practice, two methods were used to determine sample
size. Firstly, the rule of thumb according to Hair J., (2010) that five respondents per available/measured item to be
evaluated should be the lower limit, while the most appropriate ratio would be the 10:1 ratio (10 samples per subject).
Another approach used to determine the sample size was given by iYamane, (1967). The formula is as follows:

n=N/(N1+N(e)2) (D

where: 'n' is the sample size, 'N' is the population size, and 'e' is the margin of error. The research population includes
the stakeholders in the agri-food sector in Pakistan. With a margin of error of 5%, the calculated sample size was 305.
The final draft of the questionnaire was shared with more than 700 respondents from different agri-food organizations
in Pakistan. A random sampling technique was used in this study to ensure the elimination of potential bias and to protect
the right of respondents to remain anonymous. This approach ensures that each participant has an equal chance of being
selected, thereby increasing the representativeness of the sample. The survey was conducted online and participation
was entirely voluntary. Respondents were assured of their anonymity to encourage honest and open responses. Regular
follow-up reminders were sent to participants to maximize the response rate. Finally, after eliminating the missing and
incomplete data, a set of 333 valid responses was obtained.

4.2 Construct Operationalization

All the variables were measured using the scale from previous literature that was used in their studies. There are four
constructs developed according to this study model. The blockchain adoption, which was measured using a lower order
construct used by Amit Kumar Bhardwaj (2021), which consists of 4 scale items. The supply chain performance was
measured by using the framework provided by Jaradat et al. (2024). The questions used to measure loT were derived
from the measures used by De Vass et al. (2018). To measure the mediating effect of transparency the author adopted
questions for this construct that were recently outlined by Basana et al. (2024).

4.3 Data and Method

Data was collected from the experts and people involved in the agri-food SC in Pakistan. First, the author prepared a
list of companies associated with the agri-food SC, which included farmers and growers, processors, suppliers, retailers,
and regulatory bodies. The other target respondents were from the IT service providers in Pakistan who have experience
in providing the technical support and IT services in the agri-food SC, especially those who have worked on blockchain
technology and IoT. After selecting the companies, the companies in this specific field from Pakistan were listed and
their official LinkedIn accounts were found. People were contacted directly through LinkedIn, and some of the senior
management were contacted through email. This method is supported by the existing notable literature both old and
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new (Shackleton L, 2021). Managers and executives were chosen for the responses because of the authentic and more
reliable data to adopt the technology. The reason behind executives and managers was also because of their authority in
decision making and adoption of new technologies in the organizations.

4.4 Non-Response, Common Method Bias and Endogeneity

The questionnaire was shared and the data collected online. There was a possibility of common method bias occurring
in the data collected online. Therefore, we analyzed the non-response bias of early and late responses (Armstrong, 1977;
Tsou, 2015). To test for non-response in the collected data, we conducted a t-test, and the statistical difference was
clearly found in the scale items of each variable construct. This means that we do not have non-response bias in the data
that will influence our model. In the same manner, the CMB has the ability to expand the correlation between
endogenous and exogenous variables despite the use of only one respondent (Podsakoff, 2003). To reduce the impacts
of CMB, procedural violation has been applied by different researchers as ax-ante test was conducted and post-ante test
was implemented as remedy (Podsakoff, 2003). For the purpose of ex-ante analysis, data collection was meticulously
conducted involving individuals possessing a fundamental comprehension of the subject matter, while ensuring that
their responses and identities remained confidential. The post hoc analysis was performed subsequent to the completion
of data collection, and to evaluate Common Method Bias (CMB), we employed Harman’s One-Factor Analysis
(Alalwan et al., 2017; Wang et al., 2018). Furthermore, the recursive nature of the structural model may give rise to
endogeneity; specifically, the cross-sectional data might result in a mis-specified model due to the possibility that the
variance of an exogenous variable could be endogenous to the model itself. Consequently, we executed the regression
equation error test to ascertain the absence of endogeneity issues within our model (Lai et al., 2018; Nisha et al., 2015).

5. Data Analysis and Results

This part shows the findings of the primary data analysis performed with the help of the IBM SPSS 27 to analyze
descriptive and inferential statistics and the smart PLS 4.0 to analyze structural equation modeling (SEM). PLS
represents a prediction methodology tailored for intricate models, consequently, this strategy is employed to substantiate
the research hypothesis posited in the current study (Ringle et al., 2022; Sarstedt et al., 2017). The results are in
agreement with the research goals and hypotheses stated in the earlier chapters.

The analysis is carried out in a structured sequence of steps proposed in the following sections. The first step was to
clean and prepare the data, using ex-ante and post-ante tests to address and control the common method biases (CMB).
The second step was to evaluate the measurement model in order to determine the reliability and validity of the model.
This was followed by an assessment of the structural model to test the proposed relationships. Finally, the robustness of
the model was examined to confirm its stability and generalizability.

Table 1
Demographic details of participants
Variables n Percentage %
Male 251 75.38
Gender Female 61 18.4
Prefer not to say 21 6.3
Age
20-30 144 432
30-40 111 334
40-50 48 144
Above 50 30 9
Experience
Less than 1 year 38 11.4
2-3 years 125 37.5
3-5 years 101 303
More than 5 years 69 20.7
Gender
Agriculture 57 17.1
Distribution 37 11.1
Food Processing 57 17.1
Government Services 21 6.3
Packaging 33 9.9
Retailing 24 72
Software 56 16.8
Trading 25 7.5
Transportation 23 6.9

Total 333 100.0
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In terms of gender, the study shows that 18.32% of the respondents are female, 75.38% reveals that they belong to male,
while the remaining 6.31% prefer not to say. This further put more emphasis that most of the respondents were male.
The age distribution of the respondents is illustrated in the bar graph (see Figure 5.1). It shows that 43.20% of
respondents fall within the 20-30 years age group, 33.30% are in the 30-40 years age group, 14.40% are aged between
40-50 years, and 9.0% are above 50 years old. The respondents have an average age of approx. 33.92 years. Table 5.2
illustrates the distribution of respondents’ experience. The majority of the respondents, accounting for 37.5%, fall within
the 2-3 years’ experience category. The average experience of the respondents is approx. 3.45 years. The demographic
data reveals the respondents of this data belong to the different industry groups, which includes agriculture, distribution,
food procession, government services, packaging, retail, software, trade and transportation, as their percentage is
mentioned in the Table 1. Reliability is a prerequisite for any statistical analysis. When analyzing measurement scales,
the reliability of the data set is crucial for the accuracy of the assessment. It is statistically and conventionally expected
that a Cronbach’s alpha greater than 0.6 is acceptable and that greater than 0.7 indicates high reliability for the further
analysis (Sarstedt et al., 2017). Researchers often encounter outer loadings below the threshold of 0.70 (Hair et al.,
2014). Instead of immediately removing such indicators, it is crucial to consider how they affect the measures of CR
and AVE. In this analysis, the deletion of item SC1 (loading= 0.663) from the construct of SC performance has increased
the value from 0.421 to 0.531, consequently, this element has been eliminated from the framework. Likewise, the T2
(Outer loading = 0.42) and IT8 (outer loading=0.572) were removed from the IoT construct as its removal increased
AVE from 0.448 to 0.531. No other items were removed as the remaining factor loadings were significant, as supported
by the bootstrapping. To validate the mutual correlation of the defined constructs, their AVE and CR is calculated, which
is greater than threshold value of 0.5 and 0.7 (Yu et al., 2025), respectively, as shown in Table 2.

Table 1
Construct Reliability and Convergent Validity Results
Constructs Item Loadings Cronbach Alpha CR (rho a) CR (rho ¢) (AVE)
BAIL 0.793
. . BA2 0.771 0.768
Blockchain Adoption BA3 0723 0.772 0.852 0.59
BA4 0.784
SC1 Deleted 0.777
SC2 0.767
. SC3 0.719
Supply Chain Performance SC4 0.695 0.782 0.85 0.531
SCs 0.678
SCé6 0.732
TP1 0.842
TP2 0.792
Transparency TP3 0.821 0823 0.814 0.874 0.635
TP4 0.732
IT1 0.733
IT2 Deleted
IT3 0.652
. 1T4 0.672
Internet of Things (IoT) IT5 0.703 0.808 0.825 0.872 0.531
IT6 0.666
1T7 0.728
1T8 Deleted

Ultimately, the evaluation of discriminantivalidity is conducted, whereby the squareiroot of the average varianceiextracted
for each constructuexceeds the correlationiwith alluother constructs and remains below the threshold of 0.90 as shown in
Table 3 (Bagozzi et al., 1981). The values on the diagonal (formatted in italics and bold) refer to the VAVE, whereas the
correlations among constructs are presented in lower section of the diagonal, and the HTMT values are delineated in the upper
section of the diagonal.

Table 2
Discriminant Validity Results (Fornell-Larcker and HTMT)
BA IT sc TP
BA 0.768 0.585 0.881 0.826
1T 0.464 0.729 0.715 0.713
SC 0.684 0.575 0.729 0.617
TP 0.656 0.587 0.668 0.797

Table 4 gives the output of the structural model, standardized path coefficients (B), t-values and p-values of all the relationship
hypotheses. The results suggest that most of the predicted paths are statistically significant with the p-values less than the
recommended value of 0.05. These findings are empirical evidence to the hypotheses.
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Table 3
Hypothesis testing
Hypothesis Coefficient T value P value Result
Blockchain adoption > Supply
H1 Chain Performance 0.741 5.233 0.001 Supported
IoT x Blockchain Adoption ->
H2 Transparency > Supply Chain 0.087 2.492 0.001 Supported
Performance
Blockchain Adoption >
H3 Transparency > Supply Chain 0.516 5.918 0.000 Supported
Performance

sc2

BA1
BA2 Supply Chain Performance 0.784 SC3
0.769
BA3 0.724, 0.203 >
% sca

BA4

Blockchain Adoption 04_501 Transparency 0.735 5Cs

Im
0.074 SC6
Yt
m —Eg———
L mm— o340
IS 0.684 Internet of Things
IT6
TP1 TP2 TP3 TP4

Fig. 2. Structural Equation Model Showing Standardized Path Coefficients

To demonstrate the relations between the constructs further, Fig. 2 represents the structural equation model that includes the
standardized path coefficients. The figure visually depicts the strength and direction of the relationships, supporting the results.
The mediating effect of transparency on the relationship between blockchain adoption and SC performance was evaluated
using a bootstrapping approach. The results indicate that the indirect effect is positive (B = 0.441). This suggests that
blockchain adoption enhances supply chain performance through improved transparency. However, the significance of the
mediation effect is determined based on the t-values and p-values obtained from bootstrapping.

Table 4

Mediation Analysis Results
Hypothesis  Relationship Indirect Effect (B) t-value  p-value  Result
H4 BA — TP — Supply Chain Performance 0.441 6.114 0.000 Supported

The results of the moderation analysis reveal that [oT plays a significant enhancing role in the relationship between blockchain
adoption and transparency ( = 0.054, t = 3.058, p < 0.01). This indicates that higher levels of [oT adoption amplify the
positive impact of blockchain on transparency. The finding supports the argument that IoT acts as a complementary
technology, enabling more effective data capture and real-time information sharing, thereby strengthening blockchain-enabled
transparency in supply chain operations.

Table 5

Moderation Analysis Results
Hypothesis Interaction Effect Beta (B) t-value p-value Result
H5 Blockchain x IoT — Transparency (or SCP) 0.054 3.058 0.002 Supported

Fig. 3 delineates the moderating influence of the IoT on the correlation between blockchain adoption and transparency. The
findings reveal that the gradient is more pronounced at elevated levels of IoT (+1 standard deviation) in comparison to
diminished levels (—1 standard deviation), signifying that IoT amplifies the affirmative association between blockchain
adoption and transparency. This graphical depiction substantiates the empirical evidence of a noteworthy interaction effect.
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Fig. 3. Moderating Effect of IoT on Blockchain—Transparency Relationship

Coefficient of determination (R?), predictive relevance (Q?) and effect size (f*) were measured to determine the explanatory
and predictive power of the model. The R? values indicate that the model explains 76.9% of the variance in supply chain
performance and 54.8% in transparency, suggesting substantial and moderate explanatory power, respectively. The Q? values
for both supply chain performance (0.547) and transparency (0.535) are above zero, confirming strong predictive relevance
of the model. Regarding effect size (f?), transparency exhibits a very large effect on supply chain performance (f* = 1.375),
highlighting its critical role as a mediating variable. Blockchain adoption shows a large effect on transparency (2 = 0.427),
while IoT demonstrates a moderate effect (f2 = 0.237). In contrast, the direct effect of blockchain adoption on supply chain
performance is relatively small (f2 = 0.105). These findings emphasize the importance of transparency as a key mechanism
through which blockchain influences SC performance.

Table 6
Coefficient of Determination (R?), Predictive Relevance (Q?), and Effect Size (?)
{*in relation with

Construct R-square Q-Square Blockchain Adoption Transparency IoT
SC performance 0.769 0.547 0.105 1.375
TP 0.548 0.535 0.427 0.237

6. Discussion

Using a quantitative approach, this study provides important and provocative insights into theoretical discussions linked with
the execution of blockchain adoption and IoT in SCs and on SC performance, mediated by transparency. It examines how the
adoption of blockchain and integration of IoT can eliminate distortions in agri-food SC and improve SC performance.

First, the research shows that the level of blockchain adoption significantly and positively influences SC performance. This
result supports the contention that the use of tactical business innovations such as blockchain also builds on current strengths
but also creates new capabilities in the process. These advances imply an increase in SC performance by reducing the number
of inefficiencies, delays and risks in the SC.

Second, this research aids in comprehending how IoT influences the effectiveness of blockchain adoption on SC performance.
Furthermore, the IoT system not only improves the efficiency of blockchain but is also more effective in improving SC
processes and decision-making.
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The study reports a considerable gap within the existing body of work by studying the role of blockchain adoption on SC
performance, using UTAUT perspective. The research findings support the hypothesis that, as a result of PE, individuals to
adopt the new technologies like blockchain and IoT have positive influence on the overall efficiency of agri-food. This
integration and adoption of technologies significantly highlights the improvements in SC performance, particularly such as
efficiency, transparency and traceability.

This work provides a much-needed empirical support for measuring SC performance on a larger scale, while also confirming
the role of blockchain and the construct of transparency as mediators. Specifically, the research has a strong theoretical
framework, is methodologically sound, has numerous studies from different locations around the world, and provides
important practical implications for improving SC performance in the face of fraud and risks.

7. Research Implications and Conclusion

7.1 Theoretical Contributions

This study enhances the theoretical progress of blockchain adoption within ASC by addressing a critical gap in the literature.
While prior studies have explored the potential of blockchain in logistics and cold chains (Ronaghi, 2021) and have provided
descriptive insights into implementation strategies (Lim et al., 2021a), few have offered an empirically grounded, theory-
driven model within the context of developing countries. This research represents a pioneering endeavor to investigate the
comprehension and educational frameworks regarding the integration of unsettling technologies, like blockchain and IoT, to
enhance efficacy of SC operations, specifically within the framework of developing nations, exemplified by Pakistan. This
research fills that gap by integrating blockchain and the Internet of Things (IoT) within the UTAUT framework, offering a
more holistic understanding of technology adoption and its implications for SC transparency and performance.

Specifically, the study extends the UTAUT model by introducing blockchain and IoT as exogenous variables, modeling
transparency as a mediating factor, and conceptualizing IoT as a moderato a structure not commonly found in current
literature. The study addresses a critical gap by investigating how blockchain’s decentralized ledger properties can enhance
SC performance, offering a vigorous theoretical foundation for future inquiries into the intersection iofitechnology and SCM.
While Cai & Ye, (2022) acknowledged the potential of digital technologies in agriculture, they also highlighted the lack of
empirical validation. This research responds to that need by providing quantitative evidence from the Pakistani agri-food
sector, thereby enhancing the theoretical foundation for digital transformation in supply chains within emerging economies.

By empirically analyzing the interrelation between blockchain adoption, IoT, transparency and SC performance, this study
contributes a holistic theoretical framework that fills the gap among emerging technology adoption and SCM in developing
economies. It bridges a vital gap by connecting emerging technologies to SC outcomes in resource constrained environments,
a focus missing in geographically skewed literature (Toader et al., 2024). This framework serves as a foundation for future
studies to investigate scalability, adaptability, and the impact of blockchain based solutions in other industries and regions.

7.2 Practical Contribution

This research provides industry practitioners, policymakers and other relevant stakeholders with useful management
implications for building and implementing blockchain and IoT solutions to address critical issues and improve overall SC
performance in the agri-food system.

By exploring the decentralized ledger properties of blockchain, the study aims to build a transparent supply chain network. It
can help agri-food companies in developing countries such as Pakistan to prevent fraud, ensure food safety and gain the trust
of farmers, suppliers, distributors, and customers. By outlining the weaknesses in logistics and transport systems that
blockchain and IoT are incapable of addressing in the case of fragmented SC systems, this study provides the solutions on
how best to address the challenges so that resources such as time and financial power are not wasted. This is even more so in
the case of unpreserved agri-food products, where the delivery time has a great influence on both quality and amount of
revenue generated.

The research highlights that all SC actors, like producers, SC providers and retailers, need to work in a coordinated way if
blockchain and IoT innovations are to be implemented. Therefore, specific guidance on fostering the values of trust and
ensuring the common interests of business partners in the technologies would contribute to more positive outcomes and easier
implementation.

7.3 Research Limitation and Future Direction
This study offers important theoretical and empirical insights; however, several limitations should be acknowledged. First,

the data were collected solely from Pakistan, where technological infrastructure and regulatory support for blockchain
adoption are still evolving. This may restrict the extent to which the findings can be applied to more technologically advanced
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settings. Future studies could extend this research to other developing countries to enable broader comparisons. Additionally,
the study is limited by its exclusive focus on the agri-food SC, which may reduce the applicability of the findings to other
industries with distinct operational dynamics; broadening the scope across multiple sectors could improve the overall
generalizability of the results. In addition, the reliance on cross-sectional survey data constrains the ability to observe changes
over time, suggesting that future research should consider longitudinal approaches to capture the evolving impact of
blockchain adoption. Further studies could also investigate the integration of blockchain with other emerging technologies,
such as artificial intelligence and advanced analytics, to better understand their combined influence on SC performance.
Despite these limitations, the study offers meaningful insights into digital technology adoption within the agri-food sector and
establishes a strong foundation for future research, particularly in the context of developing economies.

7.4 Conclusion

This paper has explored the effects of blockchain implementation on agri-food SC performance, and has identified the effects
of transparency as a mediator and IoT as a moderator. Grounded in the UTAUT framework, the research extends existing
theory by incorporating blockchain and IoT as key technological enablers influencing adoption and performance outcomes.

The results substantiate that the implementation of blockchain technology markedly augments SC efficacy, primarily through
the enhancement of transparency, which constitutes an essential mechanism for fostering trust, accountability, and traceability.
Moreover, loT fortifies this correlation by facilitating real-time data acquisition and surveillance, thereby augmenting the
efficacy of blockchain implementations.

In conclusion, the research elucidates that the synergistic application of blockchain and IoT possesses the potential to
substantially enhance the operational efficiency and dependability of agri-food SC, thereby providing both theoretical
contributions and practical significance.
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