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Abstract: Growing concern over food safety and adulteration has thrust milk traceability
technologies to the forefront of agrifood supply chains. This qualitative study explores the
technological, organisational and environmental (TOE) determinants of traceability-technology
adoption in Saudi Arabia’s dairy sector. In-depth interviews with nine senior managers from small-,
medium- and large-scale dairies were analysed thematically in NVivo. Government policy, especially
Sau-di Vision 2030 and SFDA regulations emerged as the dominant driver, while employee resistance
and upfront cost were the primary inhibitors. Contrary to much prior literature, respondents
downplayed technological complexity, arguing that training can offset it. The localisation initiative
Saudisation surfaced as a double-edged sword: essential for national goals yet often slowing digital
uptake. We extend the TOE lens by showing how labour-nationalisation and pandemic experience
reshape environmental pressure in emerging markets. Insights guide managers and policymakers
striving to improve supply-chain transparency, efficiency and consumer trust while advancing
several UN SDGs.
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1. Introduction

The occurrence of diseases such as COVID-19, Salmonella, and bird flu highlight the importance
of food quality and the role that traceability can play in ensuring safety, particularly in the food
industry (Melatu Samsi et al., 2012; Thakur, 2009). Even though the sector has been under increasing
pressure to improving food safety, particularly during the recent COVID-19 pandemic causing
infectious diseases spreading through human interactions, However, empirical evidence on how and
why firms decide to adopt these technologies particularly in emerging-market dairy chains remains
thin, calling for context-rich studies that go beyond technical feasibility to examine organisational
realities (Zhou & Xu, 2022). Indeed, Aiyar and Pingali (2020) suggest a proactive approach to
implementing efficient traceability technologies early on to preserve food quality and safety for
consumers. Parties engaged in the food supply chain need to adopt appropriate technologies to
support product quality and increase operational efficiency (Wang et al., 2009).

Traceability has been defined in many ways (Bosona & Gebresenbet, 2013; Islam & Cullen, 2021;
ISO, 2011; Lin et al., 2021; Mattevi & Jones, 2016), and there is no single common definition since they
are subjective to the context and perspective (Behnke & Janssen, 2020; Mattevi et al., 2016). Food
traceability, for this study, is defined as the ability to trace the product through logistics processes
from raw materials acquisition to production, processing, distribution, and retailing to preserve the
quality, enhance safety and gain customer trust (Lin et al., 2021).

Previous scholarly investigations have explored the assimilation of traceability technologies
such as RFID tag (radio frequency identification), ERP (enterprise resource planning), and sensors
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like IoT (Internet of Things) in diverse settings, with a focus on the Chinese food supply chain (Shi &
Yan, 2016); organisational elements influencing RFID adoption (Vishvakarma et al, 2022);
impediments to the incorporation of ERP systems (Verdouw et al., 2015); and the U.S. food industry’s
adoption of IoT (Jayashankar et al., 2018). Kamilaris et al. (2019) investigate the trends of blockchain
technology in agricultural supply chain and explore some of its adoption challenges. Some of these
challenges are lack of government regulations and lack of training and training platforms.

Upon reviewing the previous literature on food traceability technologies, the researcher is
confronted with noticeable gaps, especially while considering the devastating consequence of the
COVID-19 pandemic on global supply chains (Zhou et al., 2022). A critical analysis of these gaps
underpins the novelty of this research and illuminates avenues for significant contributions to both
academic and practical knowledge. Further, the lack of sector-specific studies (i.e., dairy industry) on
Supply Chain Traceability (SCT) in the dairy sector presents a clear research gap. Research focusing
on the food and beverage industry is substantial (Baralla et al., 2021; Casino et al., 2021; dos Santos et
al., 2019). While the most studies were on meat and meat products (Zhou & Xu, 2022), yet, the dairy
sector with its unique operational complexities and market-specific challenges is noticeably under-
researched. The proposed research addresses this shortfall by seeking to investigate technology
adoption strategies, thereby offering a potential avenue in understanding this sector’s technology
potential, and challenges facing the adoption of new technologies.

The objective of this study is to investigate the factors affecting the adoption of emerging
traceability technologies within Saudi dairy firms by focusing on technological, organisational, and
environmental framework. Further, it aims to explore how the technology adoption likely to enhance
the overall supply chain performance.

The following research question guides the above objectives:

RQ. How can Saudi dairy firms leverage traceability technologies and overcome the challenges
to improve supply chain performance? The sub-questions are:

RQ1.1 What are the traceability challenges and barriers they face?

RQ1.2 What factors determine the intention to adopt dairy traceability technologies in Saudi
dairy firms?

RQ1.3 How can food traceability technologies help improve the supply chain performance for
dairy firms?

This research is drawn on the theoretical perspectives of the Technology-Organisation—
Environment (TOE) framework. This helped to identify key factors that could extend the suitability
of the TOE framework in Dairy firm context. Following Ketokivi and Choi (2014), this research is
classified as theory elaboration rather than theory development and theory testing. While this study
has identified evidence in the interviews to support the traditional TOE factors in context of dairy
firms, it also attempted to explore new factors that could potentially extend the TOE theory.

The rest of the paper is organised as below. Section 2 undertakes a literature review offering a
snapshot of technologies in Saudi dairy sector, followed by various traceability technologies available
in general, and the TOE dimensions affecting the adoption decision. Section 3 discusses the
methodology of sampling and sampling frame, data collection, analysis and findings. Section 4
presents a detailed discussion and study implications, followed by section 5 on conclusion and
limitations.

2. Literature Review

The dairy supply chain comprises dairy farms, milk processing units, distribution
centres/warehouses, retail stores, customers and transporters for in-store and online operations.
Wholesalers receive the dairy products from the manufacturers/milk processing units and sell them
either directly to the market or the retailers. The retailers, supermarkets and hypermarkets receive
milk and dairy products in bulk from manufacturers and stock them on shelves. The consumers can
then pick the products from the shelves as per their preferences. The milk and milk products require
extra refrigeration to protect them from spoilage. It implies that the stocking and sale of dairy
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products need extra care until it reaches the customers. Traceability technologies play vital role in
tracking the food quality and safety.

2.1. Saudi Dairy Sector and Its Supply Chain

Dairy producers in Saudi Arabia, especially milk producers, have always been and continue to
be the market leaders in the industry. The producers sell their products locally and within the Gulf
region. The increasing population in these regions has contributed to the rising per capita milk
consumption. Moreover, the high demand for nutrient-rich foods such as milk and other dairy
products has rapidly driven the Saudi Arabian markets to grow. Milk is a rich source of Vitamin B12,
potassium, magnesium, calcium, and proteins, all of which play a significant role in muscle growth,
cognitive function, facilitating weight loss, and bone health (Cimmino et al., 2023). These factors have
further driven the country’s sale of milk and other dairy products.

The Saudi government also offers new technologies and subsidies, which have played a part in
the growth of the dairy sector. The country aims to be self-sustaining and produce all the milk and
dairy products needed by the locals without importing. The development of the dairy sector has been
very impactful and has resulted in a rise in the economy and reduced the levels of unemployment in
the country. While the Saudi dairy sector has achieved a level of self-sufficiency with its legacy
technologies, there remains significant room for improvement, especially in integrating technologies
across different locations such as processing units, warehouses, transportation, and retail. The current
localised technologies, while effective in their specific settings, however, fall short of the cohesive
integration that Industry 4.0 promotes. The critical need is for technologies that not only perform
tasks efficiently within a single location but also communicate seamlessly across the supply chain,
ensuring a real-time flow of information. This integration is vital for keeping pace with the
advancements encouraged by Industry 4.0, which is rapidly defining the future of industrial
operations (Zhong & Moon, 2023).

The integration of supply chain processes is essential in achieving efficient tracking, tracing, and
visibility of products. This holistic approach ensures that each segment of the supply chain, from
production to retail, is interconnected, allowing for real-time data sharing and decision-making
(Lopes et al., 2020). In the context of the Saudi dairy industry, the current practice lacks this level of
integration. As a result, there are missed opportunities in terms of operational efficiency, risk
management, and meeting customer expectations for transparency. Implementing integrated
systems would allow for better control over the supply chain, enhancing the quality and safety of
dairy products and bolstering consumer trust.

2.2. Traceability Technologies

Traceability is a technology-aided system that allows for tracking of products as they move along
a supply chain (Wang et al., 2009). The commonly used traceability technologies are the barcode,
Radio Frequency Identification (RFID) tags, the Internet of Things (IoT) or sensors (Shee et al., 2021),
as well as other emerging technologies like blockchain (Ahmed & MacCarthy, 2023; Muduli et al.,
2022), and Artificial Intelligence (Mishra et al., 2023). It is crucial to have a clear and consistent method
for recording and storing captured data, along with a robust system for sharing information between
parties in a supply chain (Bosona & Gebresenbet, 2013). However, firms perceive the real-time data
sharing as a threat to their business (T6th et al., 2022). This could be one of the reasons why the real-
time decision-making through collaborative data sharing has not achieved its full potential despite
its urgent need and benefits argued for years (Lechler et al., 2019). Nevertheless, adopting emerging
technologies in traceability are expected to have positive impact on supply chain performance
(Legenvre & Hameri, 2024).

In traceability technologies context, IoTs have been identified as catalyst for technological
advancement, especially within the supply chain industry (De Vass et al., 2018). IoT facilitates
interaction between intelligent objects with environment, or with other computer devices. These
objects, initially associated with RFID technology, have now expanded to include a vast array of
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embedded technologies (e.g., micro-chips) within physical entities, culminating in far-reaching and
eclectic diffusion capabilities (de Vass et al., 2020). RFID technology consists of identification tags that
store information captured through radio waves by remote readers. This tool can be linked to several
food categories and food supply chains, demonstrating its versatility. For example, animals can be
traced individually from birth to distribution; fresh fish can be traced from the fishing vessel to the
port (Abad et al., 2009). Mainetti et al. (2013) even suggest a traceability system of plants using radio
frequency technologies. Yet, RFID is not frequently cited in the individual identification of final
products/items due to its high cost. Instead, barcodes are considered more economical as retailers use
them frequently and customers can easily read them through radio-frequency (RF) guns (Feng et al.,
2013). Moreover, de vass et al. (2018) state that RFID is not yet popular for individual items, although
itis economical for cases or pallets of items. By connecting a RFID reader to the Wi-Fi-enabled Internet
terminal, users can recognise, track and control tag-attached objects globally, automatically and, if
necessary, in real time, as RFID is also considered as having a sensor mechanism similar to IoT (Jia et
al., 2012). In fact, RFID is considered as the most predominant technology for sensing and
communication protocols in the context of technological traceability systems (Corallo et al., 2020).

Near Field Communication (NFC) is increasingly gaining attention for its potential to transform
food traceability systems. As Pigini and Conti (2017) claim, NFC technology serves as a conduit for
short-range communication between electronic devices, thereby facilitating an intricate yet easily
accessible information network spanning from producers to consumers. This advancement is
particularly relevant given the increasing societal demand for transparency and accountability in
food sourcing and quality assurance. NFC technology also fulfills contemporary industry
prerequisites for wireless, passive, low-cost, and portable detection systems (El Matbouly et al., 2022).
Nonetheless, existing literature is yet to provide a substantive comparative analysis between NFC
with RFID and Quick Response (QR) codes. Such a gap in literature raises questions about the specific
benefits and drawbacks of NFC, which could otherwise provide valuable insights for organisations
deliberating on which technology to adopt for optimal traceability.

The wireless sensor network (WSN) is a group of linked sensor nodes used to track the weather
(Ruiz-Garcia et al., 2009). Temperature, relative humidity and levels of volatile compounds, among
other environmental data, can be sensed by these sensors. Each node in the WSN consists of a
microcontroller and an antenna for communication with other nodes (Xiao et al., 2017). The WSN
records the real-time temperature and humidity in cold chains that store and distribute temperature-
sensitive foods, such as vegetables, fresh fruits, meats and other perishables (Kim et al., 2015). WSN
technology shows the promise for use in the food supply chain; however, it needs to be further
developed to meet more complex and stringent security requirements.

Blockchain technology (BCT) operates as a distributed and decentralized system composed of
time-stamped blocks linked via cryptographic hash (Andoni et al., 2019; Feng et al., 2020; Galvez et
al., 2018; Qlnes et al,, 2017). Renowned for addressing fundamental problems related to trust,
security, information transparency, and tampering prevention, BCT offers a promising approach to
enhance trust mechanisms and resolve confidentiality and security issues within supply chains.
While BCT is most widely used in the financial sector, its potential as a transformative driver is
gradually being recognised by other industries as well (Caro et al., 2018). The advent of international
standards like ISO 22739:2020 and ISO 23257:2022 is testament to the growing efforts to facilitate BCT
applications. Given the growing significance of real-time monitoring systems in food supply chain
logistics, BCT application in AFSCs is increasingly essential (Surasak et al., 2019). It enables the
creation of a transparent, immutable, and reliable system, which in turn fosters real-time decision-
making. In the context of digital food traceability systems, Internet of Things (IoT) tools such as RFID
are already being utilised, while BCT is emerging as a potentially efficacious solution (Demestichas
et al.,, 2020; Feng et al., 2020; Surasak et al., 2019). Additionally, the potential impacts of BCT-based
traceability systems in FSCs remain inadequately understood (Compagnucci et al., 2022).

In case of food traceability, where many technologies are available, each one has its own set of
advantages and challenges. However, the focus of this literature review was deliberately narrowed
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down to some key technologies—IoT, RFID, NFC, WSN, and Blockchain—due to their frequent
mention and utilisation in the food supply chain literature and real-life applications. These
technologies are at the forefront of innovation in food traceability, offering a combination of
robustness, scalability, and real-time data capture capabilities that are critical for modern supply
chain management. Furthermore, they have demonstrated their potential in enhancing transparency,
safety, and efficiency of products flowing from farm to fork, thus making the case highly relevant for
in-depth investigation. Table 1 presents a brief list of traceability technologies applicable to food

sector.
Table 1. Food Traceability Technologies.
Technologies Purpose Example Features & Observations
Near Field . No line-of-sight needed.
Communication  Identification (Pigini & Conti, e Enhanced data capacity compared to
(NFC) 2017) barcodes.
. Supports wireless data transitions
(Zurbi & Gregor- . Cost-effective alternative to RFID
Bar code Identification Svetec, 2023) o Quick and consistent readings
’ Needs direct visibility for scanning
. No direct visibility required.
Radio Frequency * ]?lxtended read ranges with high
Identification Identification ~ (Shi & Yan, 2016) predsion . .
(RFID) o Q.ff.ers increased data retention
capabilities.
o Efficient, but at a higher cost
. Decentralised data structure
Blockchain Data Integration (Saure;t())l;l 1& Dey. Reduces potential for data
) tampering
Internet of Things . (de Vass et al.,, Networked device connectivity.
(IoT) Data Integration 2021) Enables automated data collection
and smart controls
o Facilitates “One-up one-down”
Wireless Sensor Data Integration (Wang & Li, 2013) traceability.
Network (WSN) ’ o Requires specific data formatting

like EDIFACT or XML

Note: technologies were selected because they dominate current agrifood traceability discourse; other niche tools

(e.g., OR variant codes, hyperspectral imaging) fell outside this review’s scope.

In general, the traceability of a product is to assure its quality, and dairy products are no
exception. Milk and dairy products are high in nutrients, making them suitable growth environments
for a variety of microorganisms, including milk spoilage organisms (Charlebois & Haratifar, 2015).
Dairy products could be a key source of foodborne illness, the presence of which is determined by
the health of the cattle, the raw milk’s quality, milking conditions, facilities and technologies used in
storage, as well as in animals and workers’ hygiene. In addition to hazards due to microorganisms,
milk and dairy products have chemical and contaminants hazards as well. The weather, animal
feedstuffs, livestock farming, and poor practices all contribute to their spread (IFIF/FAO, 2020). To
reduce the health risks associated with dairy products including milk, a continuous preventive
measure is required, beginning with the supply of animal feed, through controlling the farmers and
in-farm good-hygiene practices.

In fact, the key health risks associated with milk and dairy products can be divided into three
categories: first, biological risk (i.e., toxigenic fungi, bacteria, and viruses); second, chemical risk (i.e.,
toxins, food additives, pesticide residues, presence of veterinary drugs such as antibiotics,
deworming and antimicrobials in the dairy product); finally, physical risk (i.e., shards of glass, insect
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fragments, stones, and hair). However, studies reveal that food-borne illness outbreak linked to milk
and dairy products are mainly due to bacteria (e.g., Salmonella spp., E-coli, Clostridium spp, Listeria),
rather than chemical contaminants (IFIF/FAO, 2020). Therefore, traceability is believed to prevent
these problems since it helps in recall of unsafe food if required by keeping track of food in the entire
supply chain. The more information you have, the better and faster it would be to detect the effected
food, reduce consumer risk, and save money and time.

2.3. Technological, Organisational and Environmental (TOE) Dimensions

Research has applied many theories that underpin the technology adoption research. The
commonly used frameworks are Technology Acceptance Model (TAM), Theory of Reasoned Action
(TRA), Technology-Organisation-environment (TOE) framework and Innovation Diffusion Theory
(IDT). The last two frameworks are used to explain technology adoption from the perspective of
organisational use (Gangwar et al., 2015; Gharaibeh et al., 2020; Kalaitzi et al., 2019). Although, IDT
takes technological and organisational factors into account, it does not include environmental factors,
such as competitor pressure or government policy (Gharaibeh et al., 2020; Kalaitzi et al., 2019).
Therefore, this study employs the TOE framework, proposed by Tornatzky et al. (1990), to explore
the adoption of new technologies based on technological, organisational and environmental factors
within an organisation (Gangwar et al., 2015; Shee et al., 2021; Shee et al., 2018). It is adopted for
exploring factors affecting the decision on traceability technologies adoption in logistics and supply
chain (Shee et al., 2021; Shee et al., 2018). TOE is widely used in technology adoption literature more
than other adoption frameworks, e.g., the IDT and the TRA (Awa et al., 2016).

The literature outlined in Table 2 shows the dominant factors influencing the adoption of various
advanced technologies within the context of the TOE framework. The studies reviewed a range of
technologies, from Industry 4.0 to blockchain and cloud computing, and highlight key technological
factors like compatibility and complexity. Organisational factors such as top management support
and environmental factors like competitive pressure are consistently noted as influential.

Table 2. TOE Factors used in Existing Literature on Technology.

Sl Technological Organisational Environmental
Authors  Study Focus 8 8
No Factors Factors Factors
Top management
(Zhong & ~Industry 4.0 compatibility, cost su por‘c eri loyee Competitive pressure
Moon, 2023) Technology: P &y pport, . .p Y p P
capability
Organisations’ IT Competitive pressure,
Complexity, & pentive p
. resources, top trading partner
N . relative advantage
Gokalp et al. Blockchain . management pressure, government
(2022) technolo compatibility, trust support, organisationpolicy and regulations
&Y standardisation, and pp. " & . p. Y gu ) /
. size, financial inter-organisational
scalability.
resources trust
Artificial External IT expertise, ~Market position, =~ Customer readiness,
Nametal. . relative advantage, financial justification, customer expectation,
3 intelligence L. . ...
(2021) . complexity, internal resistance by competition, legal
and robotics . .
IT expertise. employees issues
Infrastructural Presence of training
facility, complexity, facilities, top Government policies,
availability of specific management competitive pressure,
Orji et al. Blockchain blockchain tools support, firm size, institutional-based
(2020) technology perceived benefits, capability of human trust, market
privacy, resources, perceived turbulence,
compatibility, costs, organisational stakeholder pressure
security culture
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Complexity of clients’

Computer- . . .
. Firm size, top accounting
assisted . .
. . management information systems,
Siew etal.  audit tools ; .
5 (2020) and n/a commitment, perceived level of
. employee IT support of
techniques competenc rofessional
(CAATTSs) petency P

accounting bodies

Top management

t
(Clohessy & Blockchain o . siﬁsp(ﬁ ’n 1 "y
Acton, 2019a) technology 2 crgamsationa &
readiness,

organisation size

Compatibility,
relative advantage,

(Zadehetal,  Cloud complexity, ease of Competitive intensity,

Fi .
2018) computing use, trialability, 1rm size regulatory support
technology
integration
T t
Verma and . Complexity, op manhagemen
Big data s support, organisation External pressure,
8 Bhattacharyya . compatibility, IT . .
analytics data environment, industry type
(2017) assets. .
perceived costs
. Technical know-how, Organisation-
Enterprise . . -
resource perceived demographic Competitive pressure,
Awa et al. . compatibility, composition, size, external support,
9 planning X . . ,
(2016) (ERP) perceived value, scope of business trading partners
security, technology operations, readiness
software

(ICT) infrastructure  subjective norms

2.3.1. Technological Factors

The technological context focuses on internal and external technologies that are beneficial for
organisations. The advantages of external emerging technologies over the internal legacy systems
play a crucial role in adoption decision. As various technologies emerge from the range of
technologies under Industry 4.0 era (e.g., artificial intelligence, robotics, blockchain, 3D printing,
Internet of Things, and digital twins) and the importance of socio-technical factors under Industry
5.0 (e.g., workers’ experience, physical capacity and limitations, postural ergonomic risks, noise and
vibration exposure, and workers’ boredom) (Battini et al., 2022), firms have the options to choose and
adopt the right technologies as they deem fit. The technological features such as relative advantage,
compatibility, and complexity are critical in new technologies adoption decision (Gangwar et al., 2015).

Rogers (2010) describes relative advantage as the extent to which a technological factor is regarded
as offering superior benefits to organisations. Luomala et al. (2015) demonstrate that food tracing
systems using technologies have improved operational efficiency in organisations. Adoption of food
traceability technology can significantly contribute to sustainability and transparency of traceability
management (Chang et al.,, 2019; Galvez et al., 2018; Hong et al., 2018). Some food traceability
technologies offer users the ability to access and improve documents from anywhere in the world,
provided they have access to computer and Internet (Jain & Bhardwaj, 2010). Users do not need to
own a computer for cloud computing services. Shared resources is another advantage for companies
offered by cloud systems, which enables employees to access resources in the cloud from any
location, saving businesses time and money (Jain & Bhardwaj, 2010; Shee et al., 2018). With the
relative advantage of emerging technologies, it is likely that the technologies will be adapted into the
organisations.
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Rogers (2010) defines compatibility as the extent to which an innovation aligns with the values,
previous experiences, and technological requirements of prospective adopters. Later, Calisir et al.
(2009) define it as the degree to which technology is considered compatible with the current values,
past experiences and requirements of potential users. Perceived compatibility considers whether an
organisation and its employees” current values, behavioural habits, and experiences are reconcilable
with emerging technologies and/or innovation (Calisir et al., 2009; Chen et al., 2019; Gangwar et al.,
2015; Peng et al., 2012). It has been suggested that the more compliant a foreign technology is with
the current technology, the greater the trust in mastering the new technology and the more positive
the attitude that can be obtained (Gangwar et al., 2015; Kai-ming Au & Enderwick, 2000).

Complexity is the perceived level of difficulty in learning and using a system (Gangwar et al.,
2015; Sonnenwald et al., 2001). The more complicated the technology, the less likely its successful
application. When a type of technology is considered complex for a company to adopt, upper
management decides whether to ignore it or to adopt it later. Thus, the complexity of food traceability
technologies has a negative relationship with its adoption (Shi & Yan, 2016). Generally, it is quite
similar to ease of use. However, numerous studies treat it as different and independent factor (Chau
& Hu, 2001; Parveen & Sulaiman, 2008).

2.3.2. Organisational Factors

The organisational context refers to the firm’s structure, as well as the resources and intra-firm
communications (Lian, 2015). In this research, organisational culture, top management support, and
training and education are included as organisational variables. Organisational culture plays critical role
since cultural and social norms have strong impact on technology adoption in the organisations
within the Arab world. Thus, technology adoption is not only difficult but also risky for Saudi
organisations (Aldraehim, 2013). Saudi Arabia’s culture is tightly bound by Islamic belief and norms,
which is supported by the government of Saudi Arabia (Alqasir & Ohtsuka, 2023; AlBar & Hoque,
2019; Alqahtani et al., 2018). To improving the technological adoption in Saudi Arabia, it is important
to better understand the cultural factors to investigate the reason behind the slow process of
technology adoption (Alqahtani et al., 2018). Some studies have explored environmental and
behavioural factors while others investigated the logistics, legislation, and technology infrastructure
(AlGhamdi et al., 2011; Alqahtani & Wamba, 2012; Eid, 2011). However, a very few research has
focused on understanding and identifying the cultural factors related to technology adoption in the
form of traceability. As a result, focusing on organisational culture and its effect on technology
adoption in Saudi Arabia is both important and timely.

Culture wields a significant impact on technology adoption, specifically in developing countries
such as those with Arab histories (Ameen & Willis, 2015). Abunadi (2013) states that individuals carry
cultural biases, beliefs and values that affect their perceptions of what new technologies may offer
and its acceptance decision. Moreover, the results of Al-Ghaith (2016) suggest that attitude and
subjective norms significantly affect the intention of adopters. The incompatibility of any technology
with cultural practices, values and traditions is considered as one of the main factors in rejecting new
technologies adoption (Hill et al., 1994).

While technological attributes form the bedrock of adoption, organisational factors, specifically
the role of top management support, play critical role (Gangwar et al., 2014; Gokalp et al., 2022; Shee et
al., 2018). Low et al. (2011), on cloud computing context, emphasise on organisation’s readiness and
the broader scope of business operations. Gangwar et al. (2015) highlighted the significant influence
of top management in driving technological change within organisations. Salwani et al. (2009) argue
that the perceptions and awareness of top management about the usefulness of technology create
substantial value for organisations. This value is manifested through a long-term vision,
enhancement of resources, and fostering an ideal organisational environment, which includes higher
evaluation of employee self-efficacy and support in overcoming obstacles and employee resistance
(Jang, 2010; Ramdani et al., 2009; Teo et al., 2009; Wang et al., 2010). Additionally, the impact of top
management support is often intertwined with organizational culture, as argued by Li et al. (2018).
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Shee et al. (2018) further elucidate that top management support positively influences the decision
on new technologies adoption. In integrating these findings, this research aims to explore how top
management support within Saudi organisations, shaped by the unique cultural and strategic
landscape of Saudisation, influences the adoption of technology.

Training is defined as how an organisation teaches its workers to use a tool in terms of quantity
and quality (Schillewaert et al., 2005). Since food traceability technologies can be too complex,
employees need to be trained and educated before implementing these tools. It decreases employee
stress levels and anxiety about the technology; also increases motivation and provides improved
understanding about the technological benefits for employee tasks. In addition, training reduces
ambiguity and assists employees in understanding successful use in future (Gangwar et al., 2015),
which improves overall ease of use and usefulness.

2.3.3. Environmental Factors

A variety of external factors may influence organisational decisions on technology adoption.
These factors include, but is not limited to, broader socio-economic crisis such as the adverse impact
of COVID-19 pandemic (Rizou et al., 2020), consumer pressure (Liu et al., 2019; Lusk et al., 2018),
competitive pressure (Gangwar et al., 2015; Matias & Hernandez, 2021) and regulatory/government
policy (Hsu et al., 2014; Ifinedo, 2011).

The socio-economic crisis, such as COVID-19 pandemic, adds another layer of complexity,
magnifying the need for more robust and transparent supply chain systems. As organisations were
not prepared for such a low-frequency but high-impact crisis (Reid et al., 2020), food supply chain
safety, among others, was the first urgent problem under consideration, requiring safety measures
for the entire food supply chain (from farm to fork) (Rizou et al., 2020). In fact, advanced and more
appropriate digital traceability technologies are largely argued for in an emerging public health crisis
(Hahn, 2020). Traceability technologies such as blockchain, artificial intelligence (Al), and sensor
technology (e.g., Internet of Things), would allow direct tracing and tracking of goods from farm to
fork. By combining advanced traceability technologies with new analytical and smart technologies
such as remote or virtual inspections, data streams could help minimise the time required to respond
to foodborne outbreaks (Galanakis et al., 2021).

In parallel, consumer pressure for transparency, investigated by Liu et al. (2019) and Lusk et al.
(2018), supports organisations to revisit and possibly upgrade their traditional supply chain
traceability technologies. Consumer pressure, particularly in areas concerning food safety and
traceability, has increasingly become a primary catalyst in shaping business strategies. The consumer
preferences are not only rapidly evolving (Liu et al., 2019), but also exerting a profound influence on
organisational decision-making processes. This offers an understanding of how consumer-driven
demands can spur technological innovation and adoption, especially in sectors where transparency
and safety are paramount.

The urgency of ensuring food supply chain safety, particularly in the context of farm-to-fork
traceability, was brought to the forefront by Rizou et al. (2020). This concern was further amplified
by increasing consumer demand for information about the traceability of food products, spurred by
concerns over food quality, safety, and environmental considerations, as illustrated in many prior
studies (Gao & Schroeder, 2009; Liu et al., 2019; Lusk et al., 2018; Wongprawmas & Canavari, 2017).
They increasingly request information about the source and ingredients of their food products due
to the COVID-19 pandemic(Marchant-Forde & Boyle, 2020). Hence, food industry is facing challenges
of tracking and tracing the food products through production, processing and distribution (Liu et al.,
2019). Therefore, food traceability systems can reduce consumer information asymmetry and food
safety risks (Dandage et al., 2017; Jin & Zhou, 2014; Wu et al., 2016).

The ability of organisations to maintain competitiveness is intrinsically linked to their adoption
of new technologies, which in turn is influenced by competitive pressures and support from trading
partners. Gangwar et al. (2015) noted the interdependence between competitive pressure, regulatory
support, and the adoption of new technologies. This perspective is further supported by Bhattacharya
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and Wamba (2018) and Matias and Hernandez (2021), who identified competitive advantage,
regulatory support, and competitive pressure as key determinants in the adoption of new technology.
This body of literature collectively underscores the multifaceted and dynamic nature of technology
adoption within the context of organisational and environmental factors.

Moreover, government policy is a critical factor, acting both as an enabler and a regulatory
framework within which businesses operate (Orji et al., 2020). Policies can dictate the pace and nature
of technological adoption, either by encouraging innovation through incentives or by imposing
restrictions that necessitate adaptation. Understanding the interplay between policy and technology
adoption sheds light on how regulatory environments shape and sometimes even redefine
technological trajectories. Regulatory aspects, as highlighted by Nam et al. (2021) and Gokalp et al.
(2022), either facilitate or hinder the technology adoption, depending on their alignment with the
technology’s objectives and capabilities.

On 15 July 2017, the Strategic Management Committee in Saudi Arabia, approved the delivery
plan for the National Industrial Development and Logistics Program (NIDLP) (NILDP, 2025). The
program is mandated to transform the Kingdom of Saudi Arabia into a leading industrial
powerhouse and a global logistics hub in promising growth sectors, including the food sector,
focusing on automation and transformation toward Industry 4.0 (Taboada & Shee, 2020), which is
consistent with Saudi Vision 2030, and emphasises adopting new technologies, requiring massive
investments in technology to ensure its success (Alshuaibi, 2017). Hence, Saudi companies have been
under pressure to adopt and implement new technologies to meet government requirements.

3. Methodology
3.1. Sampling and Data Collection

The Kingdom of Saudi Arabia (KSA)’s dairy sector is highly competitive and has few local
companies catering to the country’s high demand for milk and milk products. As of the year 2020,
data obtained from the head of the National Committee for Fresh Dairy Producers at the Council of
Saudi Chambers revealed the presence of 12 national dairy firms operating within the KSA. The major
players include Almarai Company, Sadafco (Saudia Dairy & Foodstuff Company), NADEC (National
Agriculture Development Company), and ASD (Al Safi Danone Company). Remarkably, these four
firms commanded a substantial 89% market share within the dairy industry (Asharg, 2021). This data
served as a reference point for identifying the population of dairy firms for this research. The whole
population has been treated as the sample for the study because of the small number.

Using a variety of data collection methods, such as semi-structured interviews, literature
reviews, and dairy firms’ websites, a comprehensive understanding of traceability technology
adoption in each individual Saudi dairy firm was sought. This approach offers a deep dive into each
firm’s unique context while offering flexibility to draw comparisons across the firms. Interviews, as
expounded upon by Creswell (2014), offer first-hand insights into the experiences and perceptions of
dairy industry managers. The importance of member checking, highlighted by Birt et al. (2016), has
been observed to ensure the credibility of collected data, addressing potential challenges faced by
them (Marshall & Rossman, 2014).

To facilitate access to key participants within these dairy companies, the Head of the National
Committee for Dairy Producers at the Council of Saudi Chambers was contacted. The potential
participants were then approached using email, WhatsApp, LinkedIn, and phone calls. All 12 dairy
companies were formally invited to participate voluntarily in this research to ensure a comprehensive
representation of the industry. Ultimately, nine senior production and distribution managers from
nine small to large dairy firms agreed to participate. Therefore, focusing on the nine participating
companies ensures a comprehensive understanding of the supply chain and technological adoption
strategies within the Saudi dairy sector. All nine interviewees held managerial positions and played
integral roles in making strategic decisions about the technology adoption within their respective
organisations. Table 3 shows the interviewees” work experience, job title, firm size and the year of
adoption of food traceability technology (FTT).
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Table 3. Sample demographic data.
Code Work Exp.Job title Firm size First adopted FTT
A 32 Head of quality Large 2002
B 14 Supply chain manager Large 2011
C 21 Senior director of manufacturing Large 2010
D 19 Head of Production Large 2013
E 26 Supply chain manager Medium 2019
F 21 The CEO Medium Not yet- adopting
G 20 Supply chain manager Medium 2014
H 17 Plant manager Small Not yet
J 18 Manufacturing Manager Small Not yet

This study used semi-structured interview questionnaire with flexibility to ask questions linked
to the research context (Kallio et al., 2016). Semi-structured interviews allow flexibility for the
interviewee’s spontaneous speech and narratives, while also providing structure to obtain the
interviewee’s insights in a systematic way (Denzin & Lincoln, 1998; Yin, 2009). It enables the
researcher to ask “how” and “why” questions while exploring information that had not been
expected.

Following the TOE framework underpinning this research, the open-ended questions aimed to
investigate the factors that affect the adoption of food traceability technologies based on technology,
organisation and environment perspective. The questionnaire had 33 questions under 5 sections
which focused on general information about the respondents and traceability technologies adoption
in diary supply chain. Section 1 focused on interviewees” demographic background along with key
information about the dairy firms. Section 2 was about the technological factors that affected the
company’s adoption decision. Participants were asked to reflect on the traceability technologies
employed in their supply chain, their future adoption plans and how these technologies influence the
performance of the supply chain. In section 3, the participants were asked about the organisational
culture if it supports adoption, and how top management thinks about the traceability technologies
adoption. In section 4, the role of environmental factors such as socio-economic crisis, consumer
pressure, competitive pressure and government policy in adoption decision were explored. The
supervisory team and a couple of industry professional were engaged in pre-testing the questionnaire
where they were asked to verify their relevance, clarity/ambiguity.

3.2. Data Analysis

This research adopted a combination of thematic analysis and cross-case analysis to ensure
comprehensive and accurate exploration. Utilising the capabilities of the NViv 012 Pro qualitative
software, thematic analysis was meticulously executed using the interview transcripts. NVivo served
as an invaluable ally, enhancing the precision, depth, and systematic approach to theme generation.
TOE theoretical framework and the Literature was the basis of pattern recognition within the data
(Fereday & Muir-Cochrane, 2006).

The theme generation followed the following steps:

Data Import and Familiarisation: All interview transcripts were systematically imported into
NVivo.

Coding Process: Using NVivo's robust coding functionalities, segments of the primary data were
methodically coded. This entailed segmenting the data and assigning labels to denote what each
fragment represents contextually.

Theme Identification: Potential themes were discerned employing NVivo's querying
capabilities. This step congregated the coded data by mutual ideas or conceptual similarities.

Theme Refinement: A thorough review and refinement process was undertaken within NVivo.
Certain themes were amalgamated, some were bifurcated, while others, lacking substantive support,
were omitted.
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Theme Definition: Post refinement, each theme was precisely defined within the context of the
research.

Integration with Initial Themes: Leveraging NVivo’s comparison tools, the themes emerging
from the interview data were seamlessly integrated with the initial themes rooted in the TOE
framework. This ensured a comprehensive theme set rooted both in literature and empirical data.

Visualization: NVivo’'s advanced visualization instruments, such as matrices and hierarchical
charts, provided insights into theme interrelations, their prevalence among respondents, and their
overarching relevance to the research.

3.3. Findings

The sample included nine dairy firms of the total 12 in Saudi dairy industry. The four of them
are large firms (>500 employees, as classified in Nitaqat), and three were medium size (>50 & <499),
the rest two were small size (>10 & <49) (Nitaqat, 2024). The participants have worked for their
company for a minimum of 7 years to a maximum of twenty-six years. Table 4 shows the profiles of
each participant. The participants’ identity is decoded for anonymity and coded as P1 to P9.

Table 4. Participants’ demographics.

Experience Traceability
Code Age Gender Citizenship job role (pears) Firm size Location technologies
y adopted
P1 52  Male Non- citizen Head of quality 32 Large Riyadh 2002
P2 37 Male Citizen  -UPPIYchain 14  Large Alahsa 2011
manager
Senior director
P3 46 Male Citizen of 21 Large  Riyadh 2010
manufacturing
o Head of
P4 45 Male Citizen . 19 Large  Jeddah 2013
production
P5 50 Male Non-citizen Supply chain 26 Medium Alahsa 2019
manager
P6 46 Male Citizen  The CEO 21 Medium Alqassim 1 OrYe"
adopting
P7 47 Male Noncitizen - PP chain 20 Medium Alahsa 2014
manager
.. . Notyet-
P8 43 Male Non-citizen Plant manager 17 Small Alqassim .
adopting
PO 41 Male Citigen  Manufacturing o0 g 0 Jeddan  Notyet
manager adopting

Table 5 encapsulates the prevalence of specific themes derived from the interviews with industry
participants, labelled P1 through P9. The frequencies, expressed as percentages, reflect the extent to
which each theme was referenced by participants, offering insights into areas such as technology
adoption, environmental considerations, competitive pressures, and the impact of COVID-19. This
data, organised through NVivo's analytic capabilities, provide a quantitative look at the qualitative
data, aiding in understanding the focal concerns and priorities within the industry’s current
discourse.
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Table 5. NVivo-Generated Thematic Frequency Analysis in the Saudi Dairy Industry (P1 to P9 are not appearing

in order).
Themes P2 P9 P5 P3 P4 P6 P8 P7 Pi
21.06 12.06 1 13.67
Technology adoption 0/06 0/06 (3)/96 3/6 9.1% 7.97% 7.19% 8.39% 9.6%
o o o
Environment 2?,/53 13:)/32 120/68 16/85 8.99% 2.73% 4.65% 4.98% 6.26%
15.01 11.05
Competitors 4.25% 20.4% o 27.2% 3.4% 4.82% 8.22% 5.67% o
62.59
Consumer pressure o 4.07% 9.63% 3.33% 16.3% 0% 0% 4.07% 0%
62.59
Consumer Awareness o 4.07% 9.63% 3.33% 16.3% 0% 0% 4.07% 0%
24.04 11.86 16.67 10.2 11.54
Government Support o (786 60/6 o 6 8.97% ‘75 8.01% 4.49% 4.17%
Mandatory SFDA 17/49 4.96% 120/29 23.4% Zi/84 591% 0% 0% 7.09%
. 37
Vision 2030 50% 0% 0% 2?:)/08 0% 210/3 0% 0% 5.56%
o o
Future challenges 12/96 14.2% 5.86% 13/27 7.41% 27/47 6.17% 3.4% 9.26%
10.33 13.09 20.84 14.87 14.1
Organisation (733 3/ 8.01% /8 /8 7.39% o 6 4.81% 6.5%
11 64.05 11.11 13.73
Organisational culture 0% 0% 110 /11 o o 0% o 0% 0%
10.99 10.64 17.38 10.28 12.77 11.35 13.48
Saudization-OC o o o o o 7.8% o 5.32% o
16.25 19.11 14.11 1 10.54
Top Management support 60/ > 9/ 9.29% o 7.5% 9.11% 3;/39 0.71% 2/5
154
Training and development 18/29 7.62% 4% 1(())/86 20/57 6.1% i/ 3 9.52% 7.62%
Technology factors 22.07-10.71 11.72 12.29 8.07% 7.93% 6.25% 10.57 10.4%
YD P N % Y%
Compatibility 1626 21.54 10.16 0% 9.35% 3.66% 26.02 8.54% 4.47%
% % % Y%
2 14. 11.73 14.66 15.31
Complexity 9.12% 055 /33 9.12% A)S %66 5/3 4.89% 0%
Employees’ resistance 1%, /94 2(3, /12 11 /84 19. /09 7.88% 5.19% 7.88% 7.05% 0%
Future technology 230/62 20/09 7.95% 9.05% 8.39% 16/56 5.52% 6.62% 2.21%
7!
Technology advantages 52.28 2.11% 13.18 14.76 1041 5.67% 4.61% 3.69% 13.31
% % % % Y%
SC performance 9.33% 18/48 23/43 5.71%7.62% /5 8.95% 6.48% 7.43%
. 10.32 18.46 18.15
Current traceability technologies 22 /51 5.9% 9.2% o 6.59% 6.96% 3.92% o o
s . - 7
Traceability technologies adoption 33.8% 7.18% 16.2% 1> 3.94% 5.09% 8.33% 3.7% 4.63%
motivation %
COVID-19 21.73 8.25% 14.08 10.26 9.96% 12.57 5.23% 2.31% 15.79
% % % % Yo
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Table 6 presents the main themes and subthemes pertinent to the adoption of traceability
technology within the Saudi Dairy Industry. It offers a structured overview of the TOE factors
influencing technology adoption, ranging from internal organisational dynamics to external market
pressures. Each main theme is meticulously broken down into its constituent subthemes, painting a
comprehensive picture of the various elements at play. This framework not only guides the analysis
of qualitative data but also shapes the discussion of results, ensuring a thorough examination of each
aspect of traceability technology adoption in the industry.

Table 6. Extended Overview of Themes and Subthemes of Traceability Technology. [Interviewees’ codes are

indicated within bracket].

TOE factors Main Theme Subtheme 1 Subtheme 2 Subtheme 3 Subtheme 4
Existence of traceability

Technology technologies in Saudi i i i i

dairy sector
(pL,p2,p3,p4,p5,p8)
. .. ..., Complexity in
Technology Traceéblhty technology Employee’s Com}.)atlbll.ltythe Adoption
adoption challenges and . Consideratio
and barriers (p1,p2, p3, 6 Resistance ns Process -
orgamsatlonp 8,p9). (P2,P6,P3) (P2,P4,P6,77) él)’6,P1,P7,P2,P
Role of organisational Role of Top
. .. culture and top Role of
Organisatio . . Management
N management supportin Organisational Support - -
the adoption process Culture(P2, P6) PP
(P3,P2,P6)
(P2,p3,p).
Transparenc
Impact of food traceability Efficiency: y,
Technology teC}}nologles on supply C?st, Profit, Flexibility ~ Food Quality Info.rma.tl.on
and chain performance Time, Effort (P5) (P1,P2,P5) Availability,
organisation (p1,p2,p3,p4,p5,p6,p7,p8,p (P1,P2,P3,P5,P7,P T and
9) 8) Accuracy(P7
)
Impact of covid-19 and
Environmen post-covid-19 period on
t technology investment
(p1,p2,p3,p5,p7,p8)
Impact of consumer
. pressure on food
Environmen traceabilitv technol Consumer
t 4 ea- Y ICHOT08Y  Awareness (P2)
adoption.
(PLp2,p3,p9)
Influence of competitor
Environmen pressure
t (p1,p2,p3,p4,p5,p6,
p7.p8,p8)
Role of
Environmen . .Governmc?nt Vision 2030 Technology
¢ Policy in Influencing FTT Initiative Investment
Y \Y - -
§ Adoption(P1,P2,P3,P4,P7,
technology P;)‘)p ion(PLP2P3PLET, " 11 by pa) (P1,P4,P7,P8)
Organisatio Imp'o?tan'ce of Employee
n Training in Technology - - - -

Adoption (P1,P2,P4)
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. Workforce localisation
Environmen, .. . ..
¢ initiative (Saudization) - - - -
(P1,P2P6,P9)

3.4. Reliability and Validity of the Findings

Ensuring the reliability and validity of findings is crucial to substantiate the contributions of this
research. This study employed comprehensive methodological rigour to achieve these goals by
drawing on the established academic references(Simpson et al., 2021; Yin, 2018). The validity of the
study was supported through data triangulation, ensuring robust data collection from multiple
sources. Information was gathered from semi-structured interviews and supplemented by reviews
of dairy firm websites (Leonard-Barton, 1990). This approach not only corroborated the findings but
also enhanced the depth and credibility of the data. Purposive and theoretical sampling techniques
were utilised to select twelve national Saudi dairy firms representing the entire population within
the dairy industry. Senior production and distribution managers from nine firms were interviewed
based on their critical roles in decision-making processes relevant to the adoption of traceability
technologies. This sampling strategy aligns with case study methodology recommendations
(Eisenhardt, 1989) and ensures that the study captures comprehensive insights from key industry
players.

To enhance reliability, the coding process was rigorously designed and implemented using
NVivo software. The initial coding was performed by the researcher, followed by a review and
verification by supervisors, ensuring consistency and accuracy in data interpretation. Discrepancies
in coding were discussed and resolved through consensus, referring back to the literature to address
intercoder reliability issues effectively (Miles & Huberman, 1984). Confidentiality of the data from
participating firms was strictly maintained, reinforcing the study’s ethical integrity and further
supporting the validity and reliability of the findings.

The study’s internal validity, or credibility, was underpinned by the plausibility of data and the
trustworthiness of participant responses, corroborated by a thorough review of literature and
secondary data from dairy firms" website. External validity, or transferability, was addressed by
detailed analysis within each interview context, allowing the findings to be applicable to similar
regulatory and industrial environments both within and outside Saudi Arabia. Through these
methodological measures, the study ensures that the findings are both reliable and valid, offering
confident insights into the landscape of technology adoption in Saudi Arabian dairy firms.

4. Discussion and Implications

The adoption and successful implementation of traceability technologies within industries is a
complex process, shaped by a confluence of technological, organisational, and environmental factors.
The TOE framework has previously been used to understand this multifaceted process. However,
the TOE framework is to be modified to encapsulate critical factors emerged as the themes from the
analysis of Saudi dairy firms in this study. The research unveiled key influencing factors such as the
unique labour policy of Workforce Localisation (Saudization), the strategic national plan ‘Vision
2030’, and the significant impact of the global COVID-19 pandemic on technology investment. In
addition, it highlighted the importance of compatibility considerations and complexities in the
adoption process, as well as the notable resistance to technology adoption among employees. Figure
1 below presents a modified TOE framework that explains how the adoption processes is guided by
TOE dimensions leading to an improved firm performance.
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Technological Factors

e Technology Cost

e Compatibility

e Technology Innovation

The adoption of Traceability
) Technologies

Organisational Factors Performance
e Organisational Culture

* Employee’s Resistance

\4

Environmental factors

e Government Policy

e Vision 2030

e Workforce Localisation
initiatives

e Covid-19

e Competitors pressure

Figure 1. Modified TOE Framework for Traceability Technology Adoption.

4.1. Development of Study Proposition

The Saudi dairy industry’s landscape of traceability technologies is varied and evolving, shaped
by factors such as governmental regulations, technological advancements, company size, and
cultural contexts. Understanding this landscape and its influencing factors can help promoting the
adoption of traceability technologies in this sector. Therefore, a proposition P1 is proposed as follows:

Proposition 1 (P1): Traceability technologies adoption and its process integration have no significant
presence within the Saudi dairy industry, neither they meet the advanced standards of Industry 4.0 and the
objectives of Vision 2030.

The research reveals a varied perspective of implementation of traceability technologies within
the Saudi dairy sector. Although larger firms have started incorporating advanced systems like ERP
and SCADA (Supervisory Control and Data Acquisition), enhancing certain aspects of supply chain
efficiency and product quality, the industry as a whole still demonstrates a significant gap in fully
embracing the ideals of Industry 4.0. Many medium-sized and smaller firms predominantly rely on
more traditional methods, such as manual tracking and basic barcode systems. This mixed scenario
of technology adoption points to a sector that is in the early stages of a more comprehensive
technological transformation. The proposition thus reflects this uneven progression, highlighting the
need for further development and integration of advanced traceability technologies across the sector
to achieve the modernisation and efficiency envisaged by Vision 2030.

Proposition 2 (P2): The implementation of the Saudisation policy has less influence on the uptake of new
technologies within the Saudi dairy sector.

This proposition indicates that financial constraints and employee resistance are significant
impediments to implementation of traceability technologies within the Saudi dairy sector. The
financial aspect primarily involves the costs associated with acquiring, implementing, and
maintaining these advanced technologies, which can be particularly challenging for small and
medium-sized enterprises. Employee resistance, often rooted in apprehension about new
technologies and potential job security concerns, further complicates the adoption process.
Addressing these two primary barriers is essential for the successful integration of traceability
technologies, which are key to improving supply chain efficiency and meeting industry standards.

Proposition 3 (P3): Compatibility plays a critical role in influencing the decision to adopt traceability
technologies in the Saudi dairy industry.

The findings highlight the multifaceted role of compatibility in the decision-making process for
traceability technology adoption within the Saudi dairy sector. Saudi dairy firms place significant
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emphasis on ensuring that new traceability technologies are interoperable with existing systems and
processes. This focus on compatibility extends beyond mere technical integration to include
alignment with organisational culture and values, crucial for facilitating employee acceptance and
smooth implementation. Additionally, compliance with industry standards and regulations is also a
key aspect of this compatibility, underscoring its importance in maintaining legal and market
standing. Therefore, this proposition reflects the sector’s collective approach to technology adoption,
where compatibility is not an afterthought but a fundamental criterion guiding the selection and
integration of traceability technologies, aligning with the broader objectives of operational efficiency
and regulatory compliance.

Proposition 4 (P4): The complexity of traceability technology adoption is commonly underestimated and
consequently not considered as a significant barrier in the decision-making process in the Saudi dairy industry.

This proposition is based on the study’s finding that participants from Saudi dairy companies
largely dismiss the complexity of new technologies as a concern in their adoption decisions. Contrary
to the views in existing literature which identify complexity as a notable barrier (Clohessy & Acton,
2019b; Wong et al., 2020), the participants in this research believe that complexities can be readily
overcome, primarily through appropriate training programs. This perspective could be a reflection
of the high-power distance and hierarchical culture prevalent in Saudi Arabian organisations, where
managerial decisions may overshadow practical considerations of technology usage at the employee
level. The neglect of complexity in decision-making processes suggests a potential oversight of the
challenges and resistance that employees might face in adapting to new technologies. This scenario
highlights a need for a more comprehensive approach in the adoption process, one that considers the
practical implications of technology complexity and actively involves employees to ensure successful
integration and utilisation of new technologies.

Proposition 5 (P5): The adoption of traceability technologies in the Saudi dairy industry is significantly
influenced by the organisational culture, which is shaped predominantly by the Saudi cultural values of the top
management.

This proposition stems from the finding that more than 75% of top management in the Saudi
dairy industry are Saudis, thereby embedding strong Saudi cultural values within the organisational
culture. The top management’s cultural background not only influences their supportive stance
towards technology adoption but also affects the overall organisational approach to embracing
technological change. This cultural dynamic plays a crucial role in how technology adoption is
perceived and implemented within these organisations. It suggests that understanding the nuances
of Saudi culture and its integration within the organisational context is essential to comprehend the
adoption process of traceability technologies in the Saudi dairy industry fully. The proposition
underscores the importance of considering cultural factors and management influence when
examining technology adoption in culturally distinct environments.

Proposition 6 (P6): Among Saudi dairy firms, adopting traceability technologies is perceived to be
associated with measurable improvements in supply-chain performance, specifically higher operational
efficiency, better product-quality control, greater information transparency, and enhanced logistical flexibility.

This proposition is based on the findings from the current study, which indicate a positive
impact of traceability technologies on the supply chain performance in the Saudi dairy industry.
Participants from the industry have noted several key improvements as a result of implementing
these technologies. These include increased operational efficiency, which encompasses cost
reductions and productivity enhancements; enhanced food quality, particularly in terms of safety
and reliability; augmented transparency throughout the supply chain, leading to improved
accountability and consumer trust; and greater flexibility, allowing companies to adapt more
effectively to changes and disruptions. These benefits reflect the direct experiences and observations
of industry participants in this study, highlighting the substantial role that traceability technologies
play in advancing the performance of the dairy supply chain in Saudi Arabia.

Proposition 7 (P7): The COVID-19 pandemic had no impact on the adoption of traceability technologies
in the Saudi dairy industry.
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The study indicates that while the industry is making steady strides in integrating traceability
technologies, it has not reached the pace required to be fully aligned with the rapid advancements
characterising Industry 4.0. The COVID-19 pandemic, contrary to the expectations and global trends,
did not substantially expedite this process. Interviewees suggest that the adoption of these
technologies continued at a measured pace, reflective of a long-term strategic approach rather than a
rapid response to the pandemic. This gradual progression, while indicative of a commitment to
modernisation, also highlights the gap between the current state of technology adoption in the Saudi
dairy industry and the more advanced stages of Industry 4.0 adoption seen globally. This discrepancy
underscores the need for a more accelerated approach to technology adoption to fully harness the
benefits of Industry 4.0 and maintain competitiveness in the rapidly evolving global dairy market.

Proposition 8 (P8): Consumer pressure has a slightly less positive impact on the adoption of Food
Traceability Technologies (FTT) in the Saudi dairy industry, driven by demands for more information about
food safety and production.

This proposition demonstrate that consumer pressure plays a considerable role in motivating
Saudi dairy companies to implement traceability technologies. Participants from the industry (e.g.,
P1) have acknowledged the growing consumer demand for detailed information about the food they
consume, including its safety, production, and origin. This demand has led companies to consider
more sophisticated traceability systems to meet these consumer expectations. However, the study
also reveals variations in the intensity of this pressure. Some participants reported a lack of consumer
pressure, attributing this to either the high perceived quality (P2, P6) of their products, which already
fosters consumer trust, or to a general lack of consumer awareness about the concept and benefits of
traceability (P2). This variation indicates that while consumer pressure is a notable driver for
technology adoption in the Saudi dairy industry, its impact is not uniform across all companies and
depends on specific consumer segments and their levels of awareness and trust in the product
quality.

Proposition 9 (P9): Competitor pressure has a strong positive impact on the adoption of food traceability
technologies in the Saudi dairy industry, driven by companies’ needs to stay competitive and maintain their
market position.

The findings reveal that competitors’ actions and advancements play a critical role in influencing
technology adoption decisions within the Saudi dairy industry. Participants in the study
unanimously acknowledged the impact of their competitors’ technological strides, particularly in
traceability technologies, on their own strategic decisions. This awareness of competitors’
advancements creates a sense of urgency and a need to keep pace, thereby motivating companies to
adopt or upgrade their traceability systems. The desire to not fall behind in the market and to
maintain or enhance their competitive edge is a key driver for these companies to embrace new
technologies. This scenario mirrors similar findings in other industries, where competitor pressure is
recognised as a pivotal factor in prompting businesses to adopt new technologies to stay relevant and
competitive. The proposition highlights that in the Saudi dairy industry, keeping abreast of
competitors’ technological advancements is not just a matter of staying current but is crucial for
sustaining market presence and competitive advantage.

Proposition 10 (P10): Government policies positively drive the adoption of Food Traceability
Technologies in the Saudi dairy industry.

This proposition is grounded in the study’s findings which demonstrate the significant impact
of government policies on the adoption of traceability technologies in the Saudi dairy sector. The
SFDA, in implementing policies that mandate the adoption of technologies like sensors and GPS
systems, plays a pivotal role in this process. These policies are part of a larger strategic framework
that includes the National Industrial Development and Logistics Program (NIDLP) and Saudi Vision
2030, which collectively aim to modernise the industry and integrate it into the global supply chain
network. The government’s approach not only demands compliance but also supports companies in
transitioning towards improved traceability capabilities. By necessitating the use of traceability
technologies, the government is ensuring a more efficient and transparent supply chain, critical for
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managing safety risks and bolstering consumer trust. The study’s findings highlight the efficacy of
government intervention as a catalyst in fostering technological adoption and innovation within the
industry. However, it also points to the need for further exploration into the long-term effects and
broader implications of these policies, including the challenges faced by companies in complying and
the overall impact on stakeholders.

Proposition 11 (P11): Saudi Arabia’s Vision 2030 positively motivates dairy companies to invest in
traceability technologies, and aligning their strategies with national development goals.

The findings reveal the substantial role of Vision 2030 in shaping the technological landscape of
the Saudi dairy industry. The government’s strategic vision and associated regulations are
instrumental in driving the companies towards increased investment in advanced technologies. This
initiative is not only about regulatory compliance but is also aligned with the country’s broader goal
of becoming an industrial powerhouse and integrating cutting-edge technologies. The participants
confirm that these investments are a response to the new requirements set forth by Vision 2030. The
enforcement of stringent regulatory requirements under Vision 2030 has thus become a key
environmental factor, compelling dairy companies to adopt advanced technologies. This move
towards greater technology integration is not only about adhering to regulations but also about
enhancing operational efficiency, improving product quality, and increasing consumer confidence in
the dairy products.

Proposition 12 (P12): Effective employee training programs positively influence the adoption of Food
Traceability Technologies (FTT) in the Saudi dairy industry.

The findings clearly indicate that the success of implementing Food traceability technologies in
the Saudi dairy sector is closely tied to the presence of specialised training programs for employees.
Such training, as noted by P1, P3, and P4, needs to be specifically designed to address the unique
requirements of different traceability technologies. This ensures that employees are not only
technically proficient but also comfortable and confident in using these new systems. Tailored
training programs help in mitigating the challenges associated with learning new technologies,
reducing the anxiety and resistance often encountered during such transitions. They facilitate a
smoother and more efficient adoption process by equipping employees with the necessary skills and
understanding. The proposition underscores the significance of well-designed, technology-specific
training as a key enabler for the successful adoption of traceability technologies in the Saudi dairy
sector.

Proposition 13 (P13): The Saudisation policy has a slightly negative impact on the adoption of new
technologies in the Saudi dairy.

Saudization policy on technology adoption has overly depended on Saudi nationals in
leadership roles and the organisational culture reflective of Saudi Arabian societal values, as
identified by Hofstede’s model. Characteristics such as high uncertainty avoidance, power distance,
and collectivism may lead to a cautious approach towards new technologies, favouring stability and
adherence to established procedures. This cultural disposition can manifest as resistance to change,
particularly regarding the adoption of new and potentially disruptive technologies. Furthermore, the
high-power distance characteristic prevalent in Saudi culture may result in centralised decision-
making processes. Such concentration of power in the hands of a few senior managers could slow
down technology adoption due to bureaucratic hurdles. The study thus reveals that Saudization,
while aiming to empower the local workforce, may inadvertently create challenges in adopting new
technologies, primarily due to its significant influence on the organisational culture and decision-
making dynamics.

4.2. Theoretical Contribution

The study uniquely combines existing theories of technology adoption with specific domain
knowledge, thus advancing our understanding in several ways: First, the study provides a significant
extension to the well-accepted Technology-Organisation-Environment (TOE) framework by
Tornatzky and Fleischer (1990) in context of dairy supply chain. Prior literature has applied this
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framework to understand technology adoption challenges primarily in context of information
systems (Awa et al., 2016), with less emphasis on its applicability to traceability technologies in
supply chains. This research, however, incorporates traceability technologies into the TOE
framework, thus augmenting the model’s versatility and applicability not just in an organisational
context, rather in a supply chain context, similar to investigations into Industry 4.0 Technology
(Zhong & Moon, 2023), Blockchain technology (Gokalp et al.,, 2022; Orji et al., 2020), Artificial
intelligence and robotics (Nam et al., 2021), Cloud computing (Zadeh et al., 2018), Big data analytics
(Verma & Bhattacharyya, 2017), and smart logistics of SMEs (Shee et al., 2021). Second, by leveraging
the TOE framework, this study encompasses a wider array of factors that include organisational
factors, such as workforce localisation initiatives and management support, and environmental
factors, such as government policy, Covid-19 and consumer pressure. Such a comprehensive view of
technology adoption provides a richer, more nuanced understanding that can guide both academic
research and practical implementation.

Third, the study contributes to literature by bringing a cultural perspective to technology
adoption. Despite the global relevance of technology adoption, most studies have been conducted in
developed countries, such as the United States, Australia, and China (Hu et al., 2018). By examining
the issue in the context of Saudi Arabia, a developing country with a distinct cultural and regulatory
environment, this study enriches our understanding of how cultural and environmental factors can
shape technology adoption. Fourth, the study contributes to a new dimension Workforce Localisation
initiative, specifically the “Saudisation” policy in Saudi Arabia, as an environmental factor
influencing technology adoption. Workforce Localisation initiatives represent government policies
designed to increase the proportion of local citizens in the workforce, which can significantly impact
organisational decision-making and strategies. This research contributes to addressing this gap by
investigating the role and impact of Saudisation policy in shaping the adoption of traceability
technologies in Saudi Arabia’s dairy industry. This inquiry expands the TOE framework’s
environmental dimension, traditionally encompassing factors, to include government workforce
policies.

4.3. Practical Implications

The practical contributions of this research can be grouped into three primary categories:
enhancing industry practices, improving policy-making, and contributing towards sustainable
development goals. This research provides industry practitioners and managers with a clear
understanding of the problems associated with current food traceability technologies in food
processing, distribution, and retail. By proposing additional emerging and compatible technologies,
the research offers practical solutions that can be integrated into food traceability processes. This will
not only optimise the supply chain but also potentially increase operational efficiency. In the
aftermath of the COVID-19 pandemic, the research assures managers that the adoption of traceability
technologies can enhance consumer trust and confidence in food products, particularly in dairy
items.

In addition, the insights gleaned from this research can assist policymakers in designing effective
traceability programs and establishing pertinent regulations. By providing an understanding of the
barriers and enablers in the adoption of traceability technology, policymakers can develop
regulations that promote the use of such technologies. Additionally, the research underlines the
importance of comprehensive training within food companies, thus enabling policymakers to
develop policies that foster a culture of continuous learning and skill enhancement. Finally, this
research makes substantial contributions to several United Nations” SDGs. It provides a practical
solution for enhancing food safety, reducing waste, and promoting sustainable production and
consumption patterns. Specifically, it aligns with SDG #3 (Good Health and Well-being) by
improving food safety and reducing the prevalence of foodborne illnesses. It also supports SDG #12
(Responsible Consumption and Production) by advancing efficient food traceability systems that
help to minimise food waste and losses, while also empowering consumers with information for
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sustainable consumption. Additionally, the research contributes to SDG #13 (Climate Action) by
enabling a more resilient food supply chain that can adapt to climate-related disruptions and by
promoting sustainable land use, thereby reducing the carbon footprint of food production. Overall,
the implementation of effective food traceability technologies as explored in this research is
instrumental in advancing these critical global sustainability goals.

5. Conclusion and Limitations

The current research has examined the adoption of food traceability technologies in the Saudi
dairy industry, aiming to bridge a critical gap in both academic and practical understanding. The
researcher has applied a revised TOE framework, emphasizing technological, organisational, and
environmental factors that influence the intention of Saudi dairy firms to implement traceability
technologies in their operations and distribution networks. The main findings indicate a lag in the
adoption of traceability technologies within the Saudi dairy sector, especially amongst small and
medium enterprises. Despite awareness of the benefits of advanced traceability systems, the
persistence of traditional methods such as manual reporting and excel sheet usage reflects a disparity
between the reality on the ground and the goals of Saudi Vision 2030 (NILDP, 2025). Other factor
such as Saudi Culture influenced technology adoption decisions; COVID-19 pandemic had a minor
influence on technology adoption; employee resistance highlighting the user-friendly technology and
adequate training for successful technology adoption. The study drew on theoretical and practical
implications.

The study acknowledges some limitations. First, the qualitative insights drawn from this study
were largely based on nine managers from the dairy industry sharing their invaluable perspectives.
Although it might not encompass the whole industry, it represents an informative cross-section of
experiences where each voice added depth and nuance to the findings, painting a textured landscape
of the industry’s attitude towards traceability technologies. Further studies could explore the richness
of these insights across an even larger sample or expanding to cover the entire food industry. Second,
the findings were deeply embedded within the cultural and regulatory context of Saudi Arabia’s
dairy industry, which added layers of cultural specificity and regional relevance to the study. Herein
lies a wonderful opportunity for future research to apply the same lens to different contexts, thus
broadening our understanding of traceability technology adoption in diverse settings. Third, the
qualitative study allowed the researcher to delve into detailed narratives and lived experiences of the
participants. While this might introduce an element of subjectivity, future research could
complement these findings with survey data to capture a wider range of participants and the effect
of TOE dimensions on supply chain performance within proposed framework may be tested
objectively.
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