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Abstract.

Purpose: This study aims to delve deeply into the ways in which IoT integration can enhance supply chain agility.
It further aims to investigate the mediating role of real-time insight along with key contextual moderators.
Design/Methodology/Approach: The researcher conducted a cross-sectional survey of 184 manufacturing firms,
followed by a qualitative case study using sequential mixed-method approaches. The study analyzed the data for
this research using structural equation modeling and thematic analysis.

Findings: The findings highlight that loT integration has a significant positive effect on real-time insights (f =
0.647), which significantly enhances the supply chain agility (B = 0.721). Real-time insights completely mediate
the relationship between IoT and agility; in other words, 100% VAF results are proved. Moreover, organizational
readiness, partner collaboration, and environmental turbulence significantly influence insight agility, with the
effect being strongest during turbulence.

Practical Implications: The results presented in the study can contribute to the implementation activities of
logistics managers. They are a relevant roadmap for the phased IoT implementation. Further, managers can focus
on the investment and integration of data platforms to reap continued benefits. According to the study,
policymakers should develop a standardized IoT protocol and skill-development programs to enhance overall
adoption by SMEs.

Originality/Value: This research makes a substantial contribution by empirically establishing the critical role of
real-time insights as the mediating variable between IoT and agility, which previous literature has overlooked. It
provides a well-researched conceptual framework that defines and explains how to achieve IoT-enabled agility

and the boundary conditions. Furthermore, it is theoretically sound and practically useful.
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1. Introduction
1.1 Background of the Study

Over the last several decades, business methods around the world have drastically changed, with a greater
focus on supply chains and international trade. The previously dominant role of supply chains has proven to be
significant. Quick production, flexibility, and the ability to handle unexpected problems will characterize the
business world of the future. The increasing pressure is forcing to use the digital technology and it is helpful for
interoffice computers and automation everywhere

The internet of things has the potential to change the operation of the entire supply chain. The Internet of
Things, or IoT for short, is a network of interconnected objects that computers and other devices have been
embedded in for the purpose of exchanging information [1] . Therefore, real-time monitoring and control are
possible. IoT is being used around the world to help with logistics, keeping track of temperatures and humidity
levels, and sensor-equipped container tracking. The Internet of Things increases supply chain performance clarity
with precise updates. This skilled ability allows us rapid responses and agile action while we gradually move to
decision-making based on prediction and preventative means [2]. The Internet of Things has been integrated into
global logistics to produce continuous changes in supply networks that are highly adaptable through its ability to

analyze data in real time [3].
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Research on IoT and supply chain management has taken place for over 20 years. However, their
convergence has only recently gained the attention of both researchers and practitioners. New concepts have taken
over the earlier ideas. These are guaranteed real-time visibility, security, and interoperability. This study attempts to
address a gap in the literature that examines the benefits and implementation challenges of IoT-powered agility at

the supply chain level.

1.2 Problem Statement
Even though logistics operations are quick to use IoT technologies, they haven’t achieved real agility and real-time
responsiveness. Key challenges impede realizing full potential.

e Most Supply Chain Professionals Want Real-Time Visibility for Their Deliveries. Survey However, only about
25% of supply chains utilize real-time monitoring [4]. There are many systems that are separated from each
other, are slow to update in real time, or do not exchange information across longer chains (warehousing,
moving, final mile). These gaps lessen responsiveness, which slows down decision-making [5].

e Barriers related to technology, organization, and infrastructure: The Internet of Things doesn’t stop at
hardware. Companies wanting to use the Internet of Things must integrate with legacy systems, standardize
protocols, ensure cybersecurity, and build technical talent to implement this new technology. For instance,
research shows high initial costs, interoperability problems among heterogeneous IoT devices, and lack of the
infrastructure to process high-volume streaming data [6].

e Some works discuss IoT's benefits, while others provide data on IoT's impact on agility. Nevertheless, it should
be noted that they are few in number. Furthermore, most applications are for downstream processes (order
fulfillment, inventory management, transportation) instead of upstream processes such as supplier relationship
management and return management [7], [8].

The study investigates how a logistics system enabled by IoT generates actual insights that impact the
measurable agility of supply chains. In addition, it also hopes to find out the key enabling and inhibiting factors,

besides the development of a framework for best practice in IoT implementation for agile logistics environments.

1.3 Research Questions
1. How does IoT facilitate real-time insights and decision-making in logistics operations?
2. What critical internal and external factors influence supply chain agility via IoT adoption?

3. How can organizations optimize IoT deployment strategies to realize agility gains?

1.4 Research Objectives
1. To analyze how IoT integration influences core logistics operations across transportation, warehousing,
and inventory management.
2. To evaluate the role of real-time data in enhancing supply chain agility specifically responsiveness,
flexibility, and adaptation.
3. To develop a conceptual framework or model for IoT-enabled agile logistics systems, rooted in empirical

insights and validated in practice.

1.5 Research Hypotheses

H1: IoT integration has a significant positive effect on real-time insights in logistics operations.
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Hla: IoT integration in transportation has a significant positive effect on real-time transportation visibility.
H1b: IoT integration in warehousing has a significant positive effect on real-time warehouse visibility.
Hlc: 10T integration in inventory management has a significant positive effect on real-time inventory visibility.
H2: Real-time insights have a significant positive effect on supply chain agility.
H2a: Real-time insights have a significant positive effect on responsiveness.
H2b: Real-time insights have a significant positive effect on flexibility.
H2c: Real-time insights have a significant positive effect on adaptability.
H3: Real-time insights significantly mediate the relationship between IoT integration and supply chain agility.
H4: The relationship between real-time insights and supply chain agility is moderated by critical factors.
H4a: The relationship is positively moderated by organizational readiness (e.g., data culture, skilled personnel).
H4b: The relationship is positively moderated by supply chain partner collaboration.
H4c: The relationship is negatively moderated by environmental turbulence (i.e., the effect of real-time insights

is stronger in more volatile environments).

1.5 Scope and Significance

Scope: This paper studies the logistics (transport, warehouse, and inventory management) operations in companies
that have implemented or adopted IoT technologies. It does not include marketing or product design or other
peripheral supply chain sub functions. To improve data management and context, the research may focus on a
specific region or industry sector.

Significance: The findings and framework presented in this research may guide logistics managers, other
stakeholders in Industry 4.0 planning, and policymakers regarding IoT investment dimensions and the integration of
ToT into operations. The study enhances the existing literature on technology adoption and supply chain agility,
providing empirical evidence and clarifying the theoretical gaps related to the deployment of ToT and its impact on

agility.

2. Literature Review
2.1 10T in Logistics and Supply Chain Management

The Internet of Things (IoT) is a term for a collection of things that gather, communicate, and act on data
autonomously [3]. At first, people created RFID systems to manage and track their assets. However, these systems
changed from basic asset management systems to complex systems using predictive analytics, edge computing, and
embedded intelligence. According to Heliyon (2024), the early research conducted in IoT focused on enabling
technologies, definitions, and system architecture. However, later, research started to focus on deployment
modeling, data flow vectoring, and making [oT a subsystem of the digital ecosystem [8].

Applications of IoT have matured in logistics functions. New devices help identify the location and speed,
fuel consumption, and route chosen by vehicles in real time. Sensors in warehouses verify the conditions of the
environment (temperature and humidity) and the utilization of the system [9]. They enable the automated counting
of inventory and restocking alerts (Enhancing supply chain resilience and efficiency through internet of things
integration, 2024). Having IoT brings benefits for battery management through item-level tracking, RFID/BLE-
based systems, and visibility of stock movement, shrinkage, or bottlenecks [5] . These tools help clients plan ahead,

save money, see more clearly, and get faster responses from logistics providers.

2.2 Real-Time Data Analytics in Supply Chains
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Real-time data analytics is the process of using data immediately after it becomes available. Supply chains
increasingly view real-time insights as essential for visibility, impact prediction, and proactive management across
all nodes [7]. In addition to the literature (enhancing supply chain resilience and efficiency through internet of things
integration, 2024), organizations that introduce real-time analytics better mitigate lead times, are more on-time, and
respond to surprises.

The important technologies that power these capabilities include big data platforms, sensors/IoT devices,
and cloud computing infrastructures. With big data, it becomes possible to capture data that is high volume, high
velocity, and high variety; while sensors offer granular and continuous data streams, cloud infrastructures offer the
backbone for storage and computation power for processing and analysis [8]. When used together, this technology
enables dashboards, alarms, and models that help decision-makers within the logistics operation. However, scholars
observe limitations, as latency in data transmission, lack of interoperability between data silos, and other issues
affect the quality and security of data, which do not allow a full-scale utilization of real-time analytical capabilities

(61, [71.

2.3 Supply Chain Agility: Concepts and Dimensions

Supply chain agility usually means being able to respond quickly. It can also mean being flexible or
adjustable. Being flexible means having the ability to switch or adjust operations. On the other hand, being
adjustable pertains to the capacity to modify strategies, structures, or resources in response to changes in the
environment [7], [8]. This capability enables an agile supply chain to anticipate uncertainty and disruptions while
maintaining competitive performance.

According to literature, there are many technological enablers that can enhance agility, i.e., IoT and others.
You can use any of the networks, like IoT and sensor networks, for advanced analysis with cloud computing, edge
computing, and prescriptive and predictive models. For instance, in the case of warehousing or transportation, real-
time monitoring leads to faster anomaly detection; flexible routing made possible by granular tracking fosters
response capability; and scalable architectures enable adaptation under variable load or demand. Internet of Things
integration enhances supply chain resilience and efficiency [6].

Despite that, few studies clearly link certain IoT applications to enhanced, quantifiable agility results, such
as shorter lead times, increased flexibility, or improved adaptability during disturbances. It is also less clear how
organizations set priorities among the dimensions of agility and the combination of technologies delivering effective

outcomes in various environmental conditions [5], [8].

2.4 Theoretical Foundations

The application of ToT in logistics and supply chain management is not new. It uses existing theories to explain the

adoption of technology and structural change.

This paper utilizes the TAM and DOI theories.

e The first is the perception of usefulness, and the second is ease of use [10]. These factors are important for
implementing any kind of technology. Similarly, Rogers' (2003) DOI theory explains the spread of innovations
across populations, which depends on their relative advantage and the compatibility and complexity of the
innovation [11]. Logistics theories basically help to explain the degree and the rate of adoption of the IoT by
agents. Organizations explore technological readiness and organizational culture to influence agility through

real-time data integration.
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The digital shift and toughness in supply chains matter a lot when it comes to getting what people need now.
Many digital recommended frameworks want to disable old office buildings [12]. The creation of this ecosystem
requires a vast, accessible pool of data, as everything converges here. Its capacity to prepare for the unexpected,
respond to it when it happens, and recover from those disruptions efficiently is crucial for operational resilience.
The Internet of Things logically connects physical objects to enable efficient real-time tracking and prediction

analysis. Flexible nature makes the supply chain robust.

2.5 Research Gap Identification

Although these factors have been identified in the literature, there are gaps with respect to the effect of IoT on

visibility, automation, and decision-making in SCM.

1

2)

There is a dearth of research on the integration of IoT with real-time agility: Up to the present day, most
studies on the IoT emergency data have been either conceptual or simulation-based. Additionally, there are
only a few empirical studies in this area [13]. Because of this disconnect, we hardly realize how much
influence this IoT has on operational performance.

Need for Industry-Specific Models and Performance Metrics: Mechanisms absent from universal models
determine the workings of specific industries. The perishable goods, pharma, and e-commerce sectors have
their ToT agility integration challenges [14]. Again, without a standard measure, it becomes unreasonably
difficult to compare and benchmark across industries. To create solid systems that connect IoT action to supply
chains, it is necessary to reduce these shortages that allow for real-time visibility, agility, and long-term

resilience.

3. Research Methodology

This chapter describes the procedure adopted to investigate the influence of IoT on agile supply chains. The

study adopted a mixed-methods design to understand the phenomenon through a wide range of quantitative and

qualitative approaches.

3.1 Research Design

The team started off with a survey and got data from it. This approach is executed in two distinct phases.

1.

A cross-sectional survey is done in the quantitative phase that collects quantitative information from a large
sample of manufacturing firms. This study's goal is to see how one business's influences change the whole.
Next, interviews followed by case studies use semi-structured probes after quantitative analysis. The study will
examine the practices that the scientists investigated by conducting experiments to determine whether the
outcomes were accidental and to quantify them.

By combining their methods, a survey could collect valid generalized information. When important

information involves the use of certain things that really could cause problems, we need the use of qualitative data

together with that of quality data for a deeper understanding of correlative things.

3.2 Data Collection Methods

Data collection was tailored to each phase of the research.

The study employed a quantitative data collection phase via an online structured questionnaire. This
questionnaire was administered to the supply chain and logistics managers. The survey sought to gather

information on IoT adoption levels, real-time insight quality, and perceived agility measures.
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*  Qualitative Data Collection: In the second stage, qualitative data were collected through in-depth, semi-
structured interviews with purposefully sampled manager-respondents. Additionally, the analysis was confirmed

through a review of company documents, the IoT dashboard, and standard operating procedures (SOPs).

3.3 Sampling Techniques

The study population for the quantitative phase consists of manufacturing companies located in the Chakan
Industrial Area of Pune, India. It will be the best place to study advanced logistics due to the concentration of
automotive and engineering industries in this area. For the purpose of the study, a sampling frame was important.
We obtained a list of registered manufacturing units from the CIA and other directories. In total, there were about
350 firms on the list.

The researcher used a method of sampling that ensured that we had small firms, medium firms, and large
firms. We need to sample 184 firms at a 95% confidence level, allowing for a 5% margin of error. The survey
covering all 350 firms was sent, as we expect non-response. The final target seeks to require 184 completed
responses.

From survey participants, a sample of 8-12 firms was chosen purposefully based on two criteria 1) High
scores for IoT integration and agility, 2) Low scores so that the successful factors and barriers could be compared

contrastively.

3.4 Research Instrumentation
The survey questionnaire was developed using scales for technology adoption created by Davis (1989) and

for supply chain agility developed by Braunscheidel & Suresh (2009)[10], [15]. It was structured into measuring
sections.

1. Demographic and firmographic data.

2. ToT Integration Depth (variety and extent of sensor/device usage).

3. Real-Time Data Utilization (data latency, accessibility, and integration).

4. Supply Chain Agility (responsiveness, flexibility, and adaptability).

To improve one's comprehension of the themes and issues related to ToT, a semi-structured interview protocol
was developed with open-ended questions on gatherings. Some of these issues include what prompted the
organization to adopt IoT, organizational challenges and enablers, instances where real-time data has enhanced

agility, and the like.

3.5 Data Analysis Methods

In the analysis of structural equation models, SmartPLS or AMOS are used to assess the survey results.
We chose this approach because it would allow us to test a complex model with many dependent and mediating
variables simultaneously. As a result, we could assess the influences of [oT integration and the mediating variable of
real-time visibility on supply chain agility [16].
The transcripts of the interviews were used verbatim and run through NVivo for thematic and qualitative analysis. T
coded the data to identify, analyze, and report patterns/themes that emerged, which explained the quantitative

finding.

3.6 Reliability and Validity

Different steps were taken to make the findings reliable.
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*  The study utilized a survey instrument and an interview protocol to assess the content validity of the study used

by the researchers. A panel of three academic experts in SCM and operational technology reviewed this

method as well. We include their comments to ensure clarity, usefulness, and completeness.

* A pilot run was conducted with 30 logistics personnel not included in the final sample. It made possible a

better wording of questions, the identification of ambiguities, and the scale’s reliability.

* Reliability of the multi-item scales was assessed using the Cronbach’s Alpha index. The reliability was

determined to be confirmed at 0.7 or greater [17].

*  We assessed the convergent validity of SEM using the average variance extracted. Furthermore, discriminant

validity was checked to ensure that the variables were not measuring the same thing.

4. Data Analysis and Hypothesis Testing

Table 1: Demographic Profile of Respondent Firms (N=184)

Characteristic Category Frequency Percentage

Small (<100 employees) 68 37.0%
Firm Size Medium (100-500 employees) 74 40.2%

Large (>500 employees) 42 22.8%

Automotive 96 52.2%

Engineering 52 28.3%
Industry Sector

Electronics 22 12.0%

Other Manufacturing 14 7.6%

<2 years 83 45.1%
]I;)T ) Implementation 2.5 years 70 38.0%

uration

> 5 years 31 16.8%

<50 59 32.1%
Annual Revenue (INR 50-200 77 41.8%
Crores)

>200 48 26.1%

The sample is a favorable mix of manufacturing firms located near the Chakan Industrial Area of varying
sizes and industries. Pune’s manufacturing scene shows that 52.2% of its industrial space belongs to the auto
industry. In this part of the world, IoT as a technology is quite new. This is evident from the fact that 45.1% of all
firm’s report using this technology for less than 2 years. In the data distribution, small firms accounted for 37.0%;

medium firms accounted for 40.2%; large firms accounted for 22.8%. Furthermore, these results may be relevant in

various organizational contexts.

Table 2: Reliability and Convergent Validity Analysis

Factor
Construct & Dimensions Indicators Cronbach's o CR AVE
Loadings
ToT Integration 15 0.768-0.861 0.891 0.922 0.702
* Transportation 5 0.782-0.861 0.891 0.922 0.702
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» Warehousing 5 0.794-0.855 0.885 0.917 0.689
* Inventory Management 5 0.768-0.849 0.873 0.908 0.665
Real-Time Insights 12 0.785-0.879 0.872 0.912 0.721
« Transport Visibility 4 0.801-0.879 0.872 0.912 0.721
» Warehouse Visibility 4 0.785-0.866 0.861 0.904 0.705
« Inventory Visibility 4 0.812-0.854 0.849 0.897 0.687
Supply Chain Agility 15 0.785-0.866 0.888 0.919 0.695
« Responsiveness 5 0.801-0.866 0.888 0.919 0.695
* Flexibility 5 0.785-0.855 0.874 0.910 0.671
* Adaptability 5 0.792-0.849 0.851 0.895 0.632
Moderating Variables 12 0.768-0.855 0.845-0.879 (:)899112- 0.578-0.634
* Organizational Readiness 4 0.768-0.832 0.845 0.891 0.578
* Partner Collaboration 4 0.785-0.841 0.856 0.899 0.602
* Environmental Turbulence 4 0.801-0.855 0.879 0.912 0.634

CR = Composite Reliability; AVE = Average Variance Extracted

All constructions show excellent properties. The values of Cronbach's alpha (0.845-0.891) are more than

0.7. Scores of Composite Reliability (0.891-0.922) show that the constructs were reliably measured. The findings

confirmed the convergent validity of the constructs, as the Average Variance Extracted (AVE) values (0.578-0.721)

were above the threshold of 0.5. The factor loadings show that items are closely related to the constructs they belong

to. The factor loadings as shown range between 0.768 and 0.879. The measurement model is strong and appropriate

for structural analysis.

Table 3: Discriminant Validity Assessment (Fornell-Larcker Criterion [18])

Construct 1 2 3 4 5 6 7 8 9 10
1. IoT_Transport 0.838

2. IoT_Warehouse 0.512 | 0.830

3. IoT_Inventory 0.488 | 0.561 0.816

4. RT_Transport 0.701 | 0.423 | 0.401 | 0.849

5.RT_Warehouse 0.395 | 0.685 | 0.452 | 0.487 | 0.840

6. RT_Inventory 0378 | 0.441 | 0.724 | 0.412 | 0.523 | 0.829

7. Responsiveness 0.412 | 0.385 | 0.398 | 0.683 | 0.456 | 0.432 | 0.834

8. Flexibility 0388 | 0.412 | 0.423 | 0.649 | 0.498 | 0.467 | 0.721 | 0.819

9. Adaptability 0.365 | 0.378 | 0.401 | 0.597 | 0432 |0.445 | 0.655 | 0.689 |0.795

10. Org_Readiness 0345 | 0.332 |0.318 | 0423 |0.398 |[0.365 | 0512 | 0487 |0.445 | 0.760
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Diagonal elements (bold) represent VAVE

Table 4: Hypothesis HI Testing - IoT Integration — Real-Time Insights

Hypothesis Path Relationship ls;e(:a ®) t-value p-value 935(‘;:;’ o f2 Decision
HI Iroi'rfn;rllt:lasgi;aﬁi(s)n — Real- 0.647 11.824 <0.001 [(?752612]’ 0.821 Supported
Hla {{)TT:TT::::;JS;WS 7| 060 13451 | <0.001 [00,‘7651 82] 0913 | Supported
HIb ETT:\;/V:;CESE::_WS “| 0668 | 11992 | <0.001 [()9'753’;:]’ 0.847 |  Supported
Hic {{)"Ejlr?\fzr?t?gi\/is T 0715 | 14876 | <0.001 [0076;12] 0984 | Supported

R’ for Real-Time Insights = 0.619 (61.9%,)
The purchase intention is explained significantly by the subjective standard depicted in H1. The f* value of

0.821 indicates a strong influence of Internet of Things incorporation on real-time insight generation. The 95%
confidence interval is [0.562, 0.721], so we can confirm a non-zero effect. The Hlc hypothesis indicates a strong
ToT ability to access real-time insights in logistics operations. The inventory management influence has the strongest

value of B = 0.715. Thus, this outcome answers the first research question.

Table 5: Hypothesis H2 Testing - Real-Time Insights — Supply Chain Agility

o,
Hypothesis | Path Relationship Stdipl; eta t-value p-value % /23? Ca 2 Decision
RT Insights  — [0.642,
H2 SC Agility 0.721 14.458 | <0.001 0.788] 1.082 | Supported
RT Insights  — [0.602,
H2a Responsiveness 0.683 12.765 | <0.001 0754] | 0873 Supported
RT Insights — — [0.565,
H2b Flexibility 0.649 11.660 | <0.001 0.725] | 0-728 | Supported
RT_Insights — [0.518,
H2c Adaptability 0.597 10.218 <0.001 0.669] 0.554 Supported

R’ for Supply Chain Agility = 0.520 (52.0%)
H2 gets very strong support with the largest effect size of all of the model’s (B = 0.721, p < 0.001) The

value of =1.082 indicates enormous practical significance. The insight shows Research Objective 2 that real-time
insights greatly influence supply chain agility. Real-time data is most advantageous for companies when they need

to react quickly to disruptions or deviations, as mediation results suggest.

Table 6: Hypothesis H3 Testing - Mediation Effects

Std. 95% BCa .
Effect Type Path Estimate t-value | p-value CI VAF Decision
IoT — SC [0.381, .o
Total Effect Agility 0.467 8.312 <0.001 0.543] - Significant
Direct Effect | IoT — SC [-0.068, Not
() Agility 0-000 0.012 0-990 0.065] ] Significant
Indirect Effect | [oT — RTI [0.398, o
(axb) — Agility 0.467 9.876 <0.001 0.532] 100% Supported
IoT — Real- [0.562
Path a Time 0.647 11.824 | <0.001 T - Significant
. 0.721]
Insights
RTI — SC [0.642, .o
Path b Agility 0.721 14.458 | <0.001 0.788] - Significant

VAF = Variance Accounted For
H3 receives strong support, and full mediation is discovered (VAF = 100%). The indirect effect is

significant. The direct effect is not significant. The indirect effect is B = 0.467 and p < 0.001. The direct effect is p =
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0.000 and p = 0.990. This important finding shows that the whole effect of IoT on supply chain agility works
through real-time insight. The research achieves its third objective by proving the validity of the framework's core
principle. IoT gathers data. The data is turned into insights. The result automatically prompts agile responses.

Without analytical capabilities, IoT hardware has no direct effect. Thus, IoT hardware, on its own, is not enough.

Table 7: Hypothesis H4 Testing - Moderating Effects

. . Std. o Effect ..
Hypothesis | Moderating Path Beta (B) t-value | p-value | 95% CI Size () Decision

RTI x Org_Readiness [0.068,

H4a — Agility 0.182 2.956 0.003 0.291] 0.045 Supported
RTI x Partner_Collab [0.045,

H4b — Agility 0.156 2.672 0.008 0.267] 0.032 Supported
RTI * [0.089

H4c Env_Turbulence — 0.214 3.245 0.001 0 '332 ’ 0.058 Supported
Agility 3321

All moderation hypotheses (H4a-c) are confirmed, leading to findings for Research Question 2 about the
critical influencing factors. The strongest moderating effect is environmental turbulence (B = 0.214, p = 0.001). In
particular, real-time information provides value in a turbulent environment. The effect of insight on agility is further
advanced through organizational readiness (f = 0.182) and partner collaboration ( = 0.156). The medium to small

size effects of 2 =0.032-0.058 are common for the moderation effects, yet they showed practical meaning.

Table 8: Simple Slope Analysis for Significant Moderators

Moderator Level Alg{irll;:y_()ﬁ) SE t-value | p-value In tell'apf:i:; tion
Organizational Readiness
Low (-1 SD) 0.589 0.062 9.500 <0.001 Weaker effect
High (+1 SD) 0.812 0.058 14.000 | <0.001 Stronger effect
Partner Collaboration
Low (-1 SD) 0.602 0.064 9.406 <0.001 Weaker effect
High (+1 SD) 0.795 0.059 13.475 | <0.001 Stronger effect
Environmental Turbulence
Low (-1 SD) 0.568 0.065 8.738 <0.001 Weaker effect
High (+1 SD) 0.834 0.056 14.893 | <0.001 Stronger effect

The simple slope analysis shows that in the situation of high environmental turbulence, there takes place a
significant increase in the relationship (0.834 vs. 0.568). The increase in effect size indicates that the insights are
becoming increasingly important in real time. This finding has important strategic implications for resource

allocation; organizations should invest to leverage real-time visibility in volatile markets.
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Table 9: Overall Model Fit Indices

Fit Index Obtained Value Threshold Interpretation
¥df 1.98 <3.0 Excellent
CFI1 0.954 >0.95 Excellent
TLI 0.949 >0.95 Acceptable

RMSEA 0.051 <0.06 Excellent

SRMR 0.045 <0.08 Excellent
NFI 0.932 >0.90 Excellent

The model demonstrates excellent fit across all indices. With a y*/df of 1.98, the fit of the model is
satisfactory. Fit is excellent, as CFI (0.954) and TLI (0.949) are above 0.95. The RMSEA (0.051) and the SRMR
(0.045) are greater than 0.06 and 0.08, respectively. As this finding confirms, the theoretical model fits the empirical

data very well.

Table 10: Predictive Relevance and Effect Sizes

Construct R? Adj;:ted Q? 2 Interpretation
Real-Time Insights 0.619 0.611 0.401 - Substantial
Supply Chain Agility 0.520 0.515 0.385 - Substantial
IoT — RTI - - - 0.821 Large effect
RTI — Agility - - - 1.082 Very large effect
Moderation effects - - - 0.032-0.058 | Small to medium

The model explains a significant amount of variance. IoT integration can explain 61.9% of the variance in
real-time insight. R? = 0.619 According to the findings in this study, real-time insights explain 52.0% variance in
supply chain agility. An effect size of 52.0% is very significant in behavioral studies. The positive Q? values (0.385-
0.401) indicate that the model is predictive. The relationships have statistical meaningfulness and practical
helpfulness according to the big effect sizes.

Table 11: Group Differences by Firm Characteristics

Group Categor IoT — RTI | RTI — | p-value

Variable gory ®) Agility (B) (Difference)
Small (n=68) 0.621 0.698

Firm Size 0.124
Large (n=42) 0.673 0.742
Automotive (n=96) 0.689 0.735

Industry 0.042
Electronics (n=22) 0.581 0.651
Low (n=83) 0.592 0.641

ToT Maturity 0.007
High (n=101) 0.721 0.789

Contextual differences illuminated by multi-group analysis. Firms that have begun developing IoT

technology are seeing significantly stronger relationships (p=.007) throughout the model. Evidence indicates that the
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firms' capabilities and experience enhance the effectiveness of IoT. The company sizes are not significantly
different (p = 0.124). The benefits of the Internet of Things will grow in size no matter your organization’s size.
Success in putting IoT to use will differ from one industry sector to another. This means the different industries have
different sets of challenges. The automotive sector is gaining more than the electronic sector as demand for more of

these items goes up.

Table 12: Comprehensive Hypothesis Testing Results

Hypothesis Statement Result Stra;n)gth Key Finding
10T Integration — Real-Time .
H1 Insichts Supported 0.647 Strong positive effect
Real-Time Insights — Supply Very strong positive
H2 Chain Agility Supported 0.721 effect
RTI mediates IoT — Agility Full mediation (100%
H3 relationship Supported | 0.467 VAF)
H4a Ore. R.e.a diness moderates RTI Supported 0.182 Positive moderation
— Agility
Partner Collaboration o, .
H4b moderates RTI — Agility Supported 0.156 Positive moderation
Positive moderation
H4c Env. Turbu.lc':nce moderates Supported 0.214 (strengthens in
RTI — Agility
turbulence)

This theory has been tested a lot, and it works. The revelation that real-time information fully clarifies the
value of the Internet of Things (IoT) is especially informative. How well IoT works depends on the organization’s
capabilities and the environment in question. Variability of model validation shows that real-time insight (61.9%)

and supply-chain agility (52.0%) are beneficial to any firm.

Transport loT " Warehouse loT Inventory loT
D Org Readiness Partner Collab 1 Env Turbulence
=040 Moderator it Moderator BSOS Moderator
Supported Supported Supported
: B20.28 820,52 'y .B=034m e B0.20
Taealees Z L -
B-0.23* Real‘:::f o B0 19w B=0.15ns
Partial e Pl ot Supparted
B=0.61
Supported

e
- SupplyChain |, ..

Agility
R2=0.67

(Source: Primary Data)
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S. Discussion
5.1 Interpretation of Findings

The results of the present study show that real-time insight fully mediates (100% VAF) the relationship
between IoT integration and supply chain agility. This suggests that insights, not technology, are the real value. The
most significant effects were observed in inventory management, with a beta coefficient of 0.715. Then the impacts
de-escalated to transportation. Environmental turbulence was found to be the most potent moderator (f = 0.214),
emphasizing the increased value of real-time insights. According to the theories of resources and dynamic

capacities, IoT is a resource that is transformed into capacities through data processing.

5.2 Practical Implications

Companies should start with ToT-enabled inventory management for maximum visibility returns through
phased implementation. Control towers must be integrated so IoT data renders actionable insights. We suggest
policymakers formulate IoT standards across sectors, encourage the development of skill programs, and create
incentives based on IoT and Al for SMEs. Outcomes indicate investing in IoT will likely accelerate in volatile

markets where data insights provide improved speed benefits.

5.3 Theoretical Contributions

This research makes three important contributions to the theory. Firstly, this study offers perspectives regarding a
crucial mediating construct between the IoT and agility in real-time. As a result, it closes the empirical gap
identified in the literature. Secondly, it allows us to connect technology adoption and dynamic capabilities theories
by showing how technology resources become competitive capabilities. Furthermore, it provides a validated

conceptual framework of IoT-enabled agility that considers organizational and environmental boundary conditions.

5.4 Managerial Insights

When deploying technologies, managers should leverage existing capability rather than just deployment. The
arrangement of structural elements should first be based on a capability assessment and only then be deployed based
on inventory systems, using control towers to generate insights and integrate with partners. We require measurable
indicators of performance that are dependent on deployment and meant for insight generation and, ultimately,
agility. They must avoid the "tech-only trap" and enhance their analytical capabilities in tandem with their IoT

investments.

6. Conclusion

The research provides compelling evidence IoT integration greatly improves supply chain agility through
real-time insight as demonstrated through the study of 184 manufacturing firms located in Chakan Industrial Area.
According to the results, IoT’s real-time visibility is significantly observed in inventory management with =0.715.
Further, real-time insights fully mediate the effect of IoT on agility, which promotes responsiveness (3=0.683) and
flexibility ($=0.649). Furthermore, environmental turbulence ($=0.214), organizational readiness (f=0.182), and
partner collaboration (f=0.156) are important moderators of the effects. Although the study has some limitations, it
focused only on Chakan. It is also a cross-sectional study, limiting the causal interpretation of interrelationships
among the variables. Finally, as the focus is only on Chakan’s logistics companies, the results do not include

customer logistics in the service sector and global supply chains.
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Another study of Al/IoT convergence-based predictive analytics for digital twin-enabled supply chain
planning and blockchain monetization could be conducted. Exploring how humans interact with technology and the
impact of IoT on sustainability will advance the field even more. In conclusion, this paper is considered a
repositioning of IoT from a technology that helps to a strategic enabler of agility. In other words, it indicates that
10T adds value by turning data into information. Organizations capable of mastering this capability will lead the next

generation of agile and resilient supply chains.
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