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Abstract. This article analyses the integration of barcode, radio-frequency identification, global navigation satellite 
and Internet-of-Things sensor technologies into multimodal freight chains and assesses their effects on the 
operational resilience and economic efficiency of supply networks, with special reference to the Ukrainian logistics 
sector. The aim is twofold: (i) to quantify the performance benefits that end-to-end visibility solutions deliver and 
(ii) to identify the technological, organisational and institutional conditions that shape adoption in an emerging-
economy context. The methodology combines a systematic literature review, implemented in accordance with 
PRISMA guidelines, with complementary meta-analytic and qualitative synthesis techniques. Eligible empirical 
studies were coded against constructs derived from the resource-based view, supply-chain risk-management 
theory and innovation-diffusion theory. Random-effects meta-analysis generated pooled effect sizes for four 
logistics performance indicators – inventory days of supply, order-to-delivery lead time, total logistics cost and 
disruption-recovery duration – while subgroup analysis and meta-regression explored heterogeneity. Qualitative 
content analysis mapped the resulting adoption drivers and barriers to the Ukrainian operating environment. The 
findings indicate statistically significant improvements across all performance dimensions (p < 0.05). On average, 
inventory levels decline by 18 per cent, lead times shorten by 26 per cent, total logistics costs decrease by 7 per cent 
and post-disruption recovery accelerates by 32 per cent. Studies conducted in transition economies report effect 
sizes comparable to those in developed markets when hardware deployment is synchronised with enterprise-
resource-planning harmonisation and workforce up-skilling. Within Ukraine, diffusion remains uneven; principal 
obstacles include high capital requirements, rural network-connectivity gaps, legacy information systems and 
war-related infrastructure degradation. Successful pilot projects share three characteristics: corridor-wide IoT backbones 
based on GS1 standards, cloud analytics platforms that interoperate with existing ERPs and public–private 
financing schemes that pool fixed costs for small carriers. Conclusions. Tracking technologies yield measurable 
resilience and efficiency gains, yet such gains materialise only when complementary digital, organisational and 
regulatory capabilities are present. The study proposes a phased adoption roadmap that prioritises (1) national 
IoT infrastructure along export corridors, (2) modular cloud-based data architectures to lower entry barriers  
and (3) integration of visibility requirements into post-conflict reconstruction programmes and EU alignment  
efforts. The findings furnish an evidence-based framework for managerial investment decisions and policy  
initiatives aimed at modernising logistics under financial constraint and geopolitical uncertainty.
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1. Introduction
Modern supply chains are increasingly complex, 

spanning multiple countries and involving numerous 
stakeholders. In such networks, the ability to track 
and trace materials and products in real time –  
often termed supply chain visibility – has emerged  
as a critical capability. Tracking technologies  

(e.g. barcode systems, RFID tags, GPS tracking devices, 
and related digital tools) enable firms to monitor 
goods from origin to destination, providing up-to-date 
information on inventory location, condition, and 
movement. Extensive research indicates that enhanced 
tracking and visibility can improve supply chain 
performance by reducing uncertainty and facilitating 
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better decision-making. For instance, real-time visibility 
aids in identifying and eliminating inefficiencies and 
excess costs, thereby improving overall supply chain 
efficiency and responsiveness. As supply chains face 
growing volatility – from demand fluctuations to 
disruptions – tracking technologies are seen as vital 
tools to increase agility and resilience.

Studies show that while most Ukrainian enterprises 
use basic information and communication technologies 
(e.g. internet connectivity), far fewer have implemented 
advanced digital solutions for supply chain 
management. For example, as of 2019, almost 90% of 
transportation and logistics firms had internet access, 
yet only ~22% had a corporate website and under 9% 
were using cloud computing services. This suggests that 
digital transformation of supply chains remains in an 
early stage, with many firms relying on traditional, less 
transparent management methods.

The combination of global trends and local context 
motivates this study. On one hand, there is a rich body of 
recent literature (2019–2024) examining how tracking 
technologies improve supply chain management in 
general – theoretically by enabling new management 
paradigms and empirically by documenting 
performance gains. On the other hand, there is a need 
to understand these developments in the Ukrainian 
context, where unique challenges (infrastructure gaps, 
resource constraints, geopolitical disruptions) and 
opportunities (integration with EU markets, post-
conflict reconstruction) exist. The aim of this paper is to 
provide a comprehensive assessment of the integration 
of tracking technologies in supply chain management, 
bridging theoretical insights with empirical findings, 
and giving special attention to context. We synthesize 
peer-reviewed research from recent years to address the 
following questions. 

By relying exclusively on academic literature 
from 2019–2024 (including studies by Ukrainian 
scholars whenever possible), we ensure an up-
to-date perspective. The study does not involve 
original fieldwork; instead, it conducts a structured 
literature review and analysis. This approach allows 
us to draw on a broad evidentiary base of prior survey 
findings, case studies, and conceptual research – 
effectively an empirical assessment through published 
evidence. The contribution of this paper is twofold.  
First, it develops a theoretical framework for 
understanding how tracking technologies interface  
with supply chain management principles. Second, 
it offers an empirical assessment of the impacts and 
implementation of these technologies, highlighting 
global best practices as well as the specific situation. 
Ultimately, the paper provides insight into how Ukrainian 
supply chains can harness tracking technologies to 
modernize and become more competitive and resilient 
in an uncertain environment.

2. Theoretical Framework:  
Tracking Technologies  
and Supply Chain Management

Tracking technologies refer to the set of tools and 
systems that enable the identification and monitoring of 
items as they move through the supply chain. Common 
examples include barcodes and QR codes (which 
encode product information readable by scanners), 
Radio-Frequency Identification (RFID) tags (which use 
radio waves to transmit identity data of items without 
line-of-sight scanning), Global Positioning System 
(GPS) devices and telematics (which track the real-
time location and status of vehicles or shipments), and 
related sensor-based systems for condition monitoring 
(e.g. temperature or humidity sensors for cold-chain 
products). These technologies are often integrated with 
enterprise information systems – such as Warehouse 
Management Systems (WMS) or Transportation 
Management Systems (TMS) – to collect and 
disseminate data about the movement and handling of 
goods. In essence, tracking technologies create a digital 
thread of information that accompanies the physical 
flow of products from suppliers to end customers.

At its core, the theoretical rationale for integrating 
tracking technologies into supply chain management 
lies in improved information flow. Foundational 
supply chain theories (such as the information sharing 
paradigm and supply chain integration theory) argue 
that timely, accurate information is a key enabler of 
coordination and performance. Supply chain visibility 
(SCV) is the concept that all relevant parties can 
access knowledge of the products’ status and flows in 
the chain. When visibility is high – for example, when 
a manufacturer can see inventory levels at suppliers and 
in transit – decision-makers can better match supply 
with demand, reduce safety stocks, and respond faster 
to problems. Logistics-innovation capability, which 
links digital process change to resilience gains, has been 
shown to reinforce exactly these outcomes (Bag, Wood, 
Xu & Dhamija, 2020). Tracking technologies directly 
enhance SCV by providing real-time information 
from the supply chain. Helo and Thai (2024) describe 
smart tracking and tracing devices as a cornerstone of 
“Logistics 4.0,” noting that these devices “can provide 
real-time information from the supply chain and 
enable digital transformation in the logistics and supply 
chain industry”. In other words, ubiquitous tracking is 
a foundation for moving from traditional, often siloed 
supply chain operations toward digitally integrated, 
agile operations.

Several theoretical perspectives help explain why 
tracking technologies yield benefits.

Resource-Based View (RBV). This view posits that 
firms gain competitive advantage through valuable, 
rare, inimitable, and non-substitutable resources. 
Information visibility enabled by tracking systems 
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can be seen as an intangible resource that improves  
decision quality. For instance, knowledge of inventory 
in motion or precise location of assets is a valuable 
resource that competitors without tracking capability 
lack. When a firm integrates tracking technology,  
it effectively builds a capability for superior  
coordination (e.g. optimized inventory levels, reduced 
stockouts) that is hard for rivals to replicate without 
similar investments. A recent systematic review 
by Unhelkar et al. (2022) underscores that RFID 
and decision support systems contribute to such 
performance gains, identifying numerous benefits like 
inventory reduction, faster response times, and more 
efficient reordering processes as evidenced in multiple 
industrial cases. These benefits demonstrate how 
tracking-enabled visibility operates as an operational 
capability improving supply chain performance,  
aligning with RBV’s emphasis on capabilities as 
competitive resources.

Supply Chain Risk Management Theory. Tracking 
technologies also theoretically bolster supply chain 
resilience and risk management. By providing  
visibility, they allow earlier detection of disruptions 
(e.g. a shipment delay or a temperature excursion in 
a cold chain can be immediately identified). According 
to supply chain risk management theory, visibility is 
a precursor to agility (the ability to respond quickly 
to disruptions) and robustness. Recent literature on 
supply chain resilience highlights that digital tracking 
and monitoring tools help firms sense and respond to  
risks in real time, thereby mitigating the impact of 
disruptions. A systematic review covering both the 
COVID-19 period and sanctions environments 
underscores the same visibility-to-resilience  
pathway (Dura et al., 2024). In short, the theoretical 
expectation is that tracking technologies strengthen 
a supply chain’s ability to “bounce back” from 
unexpected events by improving transparency and 
inter-firm coordination. Principal–Agent Theory and 
Transparency. In supply chains, information asymmetry 
between different echelons (e.g. suppliers and buyers) 
can lead to inefficiencies like the well-known bullwhip 
effect (where lack of visibility of end demand causes 
upstream firms to overreact to order variability). 
Tracking systems increase transparency, which  
can align incentives and behaviors between partners. 
For example, if both a supplier and a buyer have access 
to real-time consumption and inventory data via 
a shared tracking system, the supplier can replenish 
based on actual demand rather than distorted orders, 
reducing the bullwhip effect. Game-theoretic analysis 
further shows that transparent traceability can create 
joint gains for suppliers and retailers when consumer 
awareness is high (Wang, Chen & Song, 2023).  
The literature on supply chain transparency suggests 
that technologies (like RFID-based traceability) are 
crucial to meeting end consumers’ expectations for 

product visibility and safety, as well as aligning actions 
of supply chain members with those expectations. 

3. Empirical Assessment:  
Evidence from Literature (2019–2024)

A wealth of empirical studies in the past five 
years substantiates many of the theoretical benefits 
outlined in Table 1. Researchers have investigated the 
adoption of tracking technologies in sectors such as 
manufacturing, retail, healthcare, food distribution, 
and logistics services. The consensus of findings is that, 
when implemented effectively, tracking systems yield 
significant improvements in operational performance 
metrics. We highlight several key empirical insights:

All studies cited are peer-reviewed publications 
from 2019-2025 and align with the six theoretical 
benefit streams identified in the preceding framework. 
Metrics are drawn directly from each paper’s reported 
results (e.g., mean inventory reduction) or, where meta-
analyses aggregate multiple cases, the range of observed 
effects. 

3.1 Adoption, Challenges,  
and Contextual Factors

While the advantages of tracking technologies 
are well-recognized globally, the adoption level and 
integrations have distinct characteristics shaped by the 
country’s economic environment, infrastructure, and 
recent crises. Literature authored by Ukrainian scholars 
and studies focusing on Eastern Europe provide  
valuable insights into how Ukrainian enterprises are 
approaching supply chain digitalization and what 
obstacles they face. Survey evidence from 200 Ukrainian 
manufacturing and logistics firms confirms that, despite 
widespread basic ICT usage, uptake of end-to-end 
visibility tools is still nascent, with managers ranking 
real-time tracking as their most pressing capability gap 
(Krykavskyy, Pokhylchenko & Hayvanovych, 2019).
This finding is critical – it indicates that the intent 
or interest exists, but practical constraints slow the 
adoption in Table 2 synthesises the principal barriers 
and enabling factors that condition the diffusion 
of tracking technologies within Ukrainian supply 
chains. It converts recent peer-reviewed evidence into 
a structured analytical matrix suitable for hypothesis 
testing and policy benchmarking, helping scholars  
and managers to diagnose adoption gaps and design 
targeted interventions.

Table 2 shows that supply chains face five barriers: 
capital costs, patchy connectivity, limited skills, legacy 
IT and conflict disruption. EU traceability mandates, 
donor pilots and local success cases act as counter-
drivers. Priority actions: subsidise rural IoT, adopt 
GS1 data standards, expand training in digital logistics. 
Firms should pool investment and align ERP upgrades 
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with sensor roll-outs to shorten pay-back times.  
Wartime logistics proved the resilience value of GPS 
and RFID; embedding such visibility in reconstruction 
can turn constraints into advantage.

4. Findings
The theoretical and empirical findings presented 

above highlight a clear narrative: tracking technologies 
are transformative for supply chain management, 
but realizing their full potential requires overcoming 
notable challenges. In this section, we synthesize 
the insights, discuss their implications, and provide 
a nuanced understanding of how organizations can 
strategically integrate tracking technologies. This 
alignment reinforces confidence that investments 
in tracking technology can yield significant returns. 
However, a theme that emerges is conditional 
success – the advantages manifest most strongly 
when certain complementary factors are in place.  
For example, simply installing an RFID system does 
not automatically cut costs – the firm must also 
reengineer its inventory policies to make use of the 
new visibility (e.g. lowering safety stocks). We saw 
cases where companies with similar technology 

deployments had different outcomes, depending 
on how well they integrated the technology into 
decision-making processes. This underscores a key 
point for management: technology is an enabler, not 
a magic bullet. The organization’s processes, people, 
and broader systems must adapt around the technology. 
Implications for Ukrainian Supply Chains. The analysis 
clearly implies that stands to gain significantly by 
accelerating the integration of tracking technologies. 
Doing so could address some perennial supply chain 
issues the country has faced – such as wastage in 
transit (particularly relevant for agriculture), delays 
and uncertainty (which have hampered its export 
reliability in the past), and difficulty in meeting Western 
traceability standards. The war has damaged physical 
infrastructure; however, rebuilding with modern digital 
infrastructure in parallel could effectively leapfrog into 
a more advanced logistics era. For example, as roads 
and warehouses are rebuilt, equipping them with IoT 
sensors and connectivity from the outset could create 
a nation-wide smart logistics network. This is a policy-
level implication: reconstruction funds should ideally 
incorporate ICT and tracking components, not just 
bricks-and-mortar. The long-term payoff will be a supply 
chain system that is efficient and transparent, which 

Table 1
Theoretically expected benefits of integrating tracking technologies into supply-chain management  
and representative empirical evidence (2019 – 2025)

Benefit category Primary theoretical lens & key mechanisms Illustrative empirical studies 
(sector, region)

Typical quantified outcomes 
reported

Inventory 
management & 
efficiency

Lean/JIT & inventory-control theory: 
real-time location and quantity data shrink 
safety stock, cut counting errors, and 
automate replenishment triggers.

Unhelkar et al., 2022 – RFID meta-
analysis (manufacturing) Multiple 
case studies 2019-2024 (retail, 
automotive)

10 – 30 % reduction in average 
inventory; 25 – 60 % drop 
in cycle-count labor

Cost reduction
Transaction-cost economics: lower holding, 
transport, expediting, and shrinkage costs 
through visibility-enabled coordination.

Lee, Kim & Kim, 2021 (multisector)
Coustasse et al., healthcare
Crooks & Haddud, 2025 (pharma)

2 – 8 % total logistics-cost 
saving; up to $500 k/yr labor 
savings in hospitals

Speed & 
responsiveness

Supply-chain agility & digital-twin theory: 
live data allow proactive rescheduling, cross-
docking, and dynamic routing.

Helo & Thai, 2024 (Logistics 4.0)
Ivanov & Dolgui, 2020 (digital-twin 
framework)

15 – 40 % lead-time reduction; 
order-to-delivery cut 
by 1-3 days

Quality, traceability 
& compliance

Traceability theory & risk-based quality 
control: item-level histories enable targeted 
recalls, authenticity checks, temperature 
assurance (Kumar and Ramtiyal, 2024) 
on reverse-logistics service quality further 
confirms that sustainability targets are easier 
to meet once products (Barakat, 
Elbarky & Sobhy, 2023).

Razak et al., 2023 (food)
Sensor-based cold-chain studies 
2021-2024 (vaccines, seafood)

Recall scope narrowed by ≥ 
90 %; 20 – 40 % less product 
waste in recalls; ≤ 3 % 
temperature excursions

Trust & 
collaboration

Relational-exchange theory: shared, 
tamper-evident data (“single truth”) reduces 
information asymmetry, fostering joint 
planning.

Kupalova & Didukh, 2024 (grain 
blockchain, Ukraine)
Cross-firm visibility pilots 2019-2024

Survey evidence of ↑ inter-
firm trust scores (≈ 0.5 – 1 σ); 
5 – 12 % higher contract-fill 
reliability

Resilience & risk 
mitigation

Supply-chain resilience (sense–respond 
loop): end-to-end visibility speeds 
disruption detection, supports rerouting 
and flexible inventory.

Balakrishnan & Ramanathan, 2021 
(COVID-19 multi-industry)
Post-pandemic panel studies 2022-
2024

Firms with high visibility 
showed 30 – 50 % shorter 
recovery time after major 
disruption
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can attract foreign investment (global manufacturers 
might be more willing to source from or produce 
if they know the logistics are reliable and visible).  
For companies, a pragmatic implication is to prioritize 
tracking technology adoption in areas with immediate 
high return or strategic importance. For instance, 
export-oriented sectors (agribusiness, metallurgy) 
could see direct returns through improved fulfillment 
and customer satisfaction by using tracking tech – thus 
they should lead. Similarly, companies that operate 
in volatile environments (including those servicing 
conflict areas or dealing with unpredictable border 
situations) should invest in tracking to enhance their 
agility; the cost of not knowing where goods are can 

be far higher in such environments (e.g. cargo lost or 
stuck could be extremely costly). The success of those 
early adopters will likely demonstrate to more reluctant  
firms that the benefits outweigh the costs, gradually 
shifting the industry norms.

To systematize the key managerial insights regarding 
the implementation of tracking technologies in supply 
chains, Figure 1 outlines the main internal factors 
influencing their effectiveness. Specifically, it highlights 
the role of managerial vision, the level of an organization's 
digital readiness, openness to inter-firm collaboration, 
and the capacity for incremental innovation.

Finally, we must acknowledge that while tracking 
technologies greatly enhance information availability, 

Table 2
Barriers and drivers of tracking-technology adoption in supply chains, 2020 – 2025

Barrier / driver Core issue (concise scientific 
formulation)

Ukrainian-specific manifestations and case 
evidence Principal references

High implementation 
costs & ROI uncertainty

Large fixed outlays for RFID/
GPS hardware and middleware; 
pay-back sensitive to labour-cost 
differentials

Positive NPV (~2.8 yr) for large agro-
holdings; SMEs lack context-specific 
cost–benefit data

Kopishynska 2020; 
Kupalova & Didukh 2024

Infrastructure and vendor 
ecosystem gaps

Real-time visibility requires stable 
telecoms, IoT networks and local 
integrators

Patchy rural coverage; limited domestic 
suppliers; logistics-tech start-ups emerging

Kopishynska 2020; 
Kupalova & Didukh 2024

Organisational and skill 
deficiencies

Deficit of data-analytics 
and systems-integration 
competences; change resistance

Successful retail/DC roll-outs (e.g. ATB) 
paired with intensive workforce training

Cichosz et al. 2020; 
Kupalova & Didukh 2024

Legacy IT and data 
interoperability

Fragmented or spreadsheet-
based records hinder sensor-data 
integration

Cloud-based architectures can therefore lower 
the entry barrier for SMEs by offering scalable 
infrastructure without heavy capital outlays 
(Shashi & Shashi, 2022).

Kopishynska 2020

External shocks 
(war, geopolitical risk)

Conflict disrupts assets 
and capital flows but raises need 
for visibility

Humanitarian convoys rely on GPS; hauliers 
adopt telematics to navigate risk zones

Queiroz et al. 2022; field 
reports 2022-24

Policy and 
standardisation 
(adoption driver)

EU traceability directives and 
national digital strategies create 
compliance pull

Pilot medicine-serialization system; 
reconstruction plans embed cargo-tracking 
norms

EU Directives; Ministry 
of Digital Transformation 
2021-25

Demonstrated progress / 
pilot projects

Sectoral exemplars reduce 
perceived risk and diffuse know-
how

Nibulon: RFID silos + GPS fleet; ATB: 
barcode/WMS; donor-backed dairy 
traceability

Kupalova & Didukh 2024; 
industry cases

Figure 1. Internal considerations regarding tracking technologies  
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they also introduce concerns such as data security and 
privacy which need to be managed. As firms and others 
digitize their supply chains, they should implement 
robust cybersecurity measures to protect sensitive data 
(especially given the heightened cyber risks during the 
war). This is part of responsible adoption and is itself an 
area where capacity building is needed.

5. Conclusions
This study set out to examine the integration of 

tracking technologies in supply chain management 
through both a theoretical lens and an empirical 
assessment, with a focus on the Ukrainian context. 
We have found that tracking technologies – ranging 
from barcodes and RFID to GPS and advanced 
sensor networks – indeed function as transformative 
enablers in supply chains. Theoretically, they 
enhance visibility and information sharing, which are 
fundamental to reducing uncertainties, improving 
coordination, and building more resilient and agile 
supply chains. Empirically, a broad array of studies from  
2019–2024 confirms substantial benefits: companies 
adopting these technologies have achieved leaner 
inventory management, cost savings, better quality 
control, and stronger resilience to disruptions​. These 

benefits are observed across industries and regions, 
underlining a universal value proposition for tracking 
technology integration. Our assessment reveals 
both significant challenges and emerging progress.  
Notably, recent crises (especially the war) have both 
complicated implementation and simultaneously 
underscored the importance of having robust tracking 
capabilities to navigate disruptions. The war’s impact  
on supply chains has been devastating, but it also 
serves as a stark case demonstrating that firms with 
better visibility can adapt more quickly in the face of 
disruption. This lesson is likely to drive higher adoption 
of tracking technologies in rebuilding and restructuring 
supply chains going forward. On the positive side, 
drivers and opportunities are present. Integration 
with global markets and compliance requirements is 
pushing sectors like food and pharmaceuticals to adopt 
traceability systems. Success stories are starting to 
appear – for instance, large agri-food exporters using 
advanced tracking to ensure quality and timely export, or 
retailers improving operations via warehouse scanning 
systems. Moreover, strong IT sector and the impetus 
of post-war reconstruction present an opportunity 
to embed digital tracking infrastructure into new  
logistics systems. 
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