[bookmark: _Hlk220274830]

[image: ]

              
Master of Business Administration
Student Name: Rakibul Islam
                                         Student Number: 2427479
Module code: LCMB7035
    Module Name: Dissertation
Title: "Digital Transformation and Traceability in the B2B Agricultural Supply Chain: A Study of Vegetable Packaging Firms in Bangladesh."
Supervisor: Ebad Banissi
Words Count: 17020



[image: ]

Master’s Degrees by Examination and Dissertation
Declaration Form

I, Rakibul Islam, declare that this dissertation has been composed by myself, that the work contained herein is entirely my own except where explicitly stated otherwise in the text, and that this work has not been submitted for any other degree or qualification, in whole or in part, except as specified. 
 
Signature: Rakibul Islam
 
Date: 30/11/2025

                      


Table of Contents
ABSTRACT	6
CHAPTER 1: INTRODUCTION	1
1.1 Background	1
1.2 Problem Statement and Significance of the Study	2
1.3 Research Aim	4
1.4 Objectives of the Research	4
1.5 Research Questions	4
1.6 Conceptual Framework	5
1.7 Chapter Summary	7
CHAPTER 2: LITERATURE REVIEW	8
2.1 Theoretical Foundations	8
2.2 B2B Relationships and the Trust Theory on commitment	10
2.3 Major Themes and Academic Discussions	12
2.3.1 Agricultural Supply Chain Digital Transformation	14
2.3.2 Traceability and Transparency of B2B Markets	16
2.3.3 The Barriers of Adoption of Small and Medium-Sized Enterprises	16
2.3.4 B2B Supply Chain Trust, Risk, and Relationship Quality	17
2.3.5. Construction of Academic Discussions	17
2.4 Empirical Studies Review	18
2.5 Gap in research identification	21
2.6 Conceptual Framework Development	22
2.7 Conceptual Framework and Research Gap	23
CHAPTER 3: RESEARCH METHODOLOGY	24
3.1 Research Philosophy	25
3.2 Research Approach	26
3.2.1 Inductive Deductive Hybrid Approach	26
3.2.2 Conformance to the Conceptual Framework	26
3.3 Research Design	27
3.4 Research Strategy	27
3.4.1 Case–Survey Strategy	27
3.4.2 Justification of the Strategy	28
3.5 Sampling Strategy	28
3.5.1 Qualitative Sampling	28
3.5.2 Quantitative Sampling	28
3.6 Data Collection Methods	29
3.6.1 Qualitative Data Collection	29
3.6.2 Quantitative Data Collection	30
3.7 Measurement Instrument Development	31
3.8 Data Analysis Procedures	32
3.8.1 Qualitative Data Analysis	32
3.8.2 Quantitative Data Analysis	33
3.8.3 Integration of Findings	33
3.9 Ethical Considerations	33
3.10 Methodological Limitations	34
CHAPTER 4: DATA ANALYSIS	35
4.1 Description of the Dataset	36
4.1.1 Qualitative Dataset	36
4.1.2 Quantitative Dataset	37
4.2 Qualitative Results: Thematic Analysis	37
4.3 Quantitative Analysis	40
4.3.1 Reliability & Validity	40
4.3.2 Descriptive Statistics	41
4.3.3 Correlation Matrix	53
4.3.4 Multiple Regression Analysis	53
4.3.5 Hypothesis Testing Summary	54
4.4 Triangulated Analysis: Mixed-Methods Triangulation	55
4.5 Chapter Summary	56
CHAPTER 5: DISCUSSION AND FINDINGS	57
5.1 Contribution to Theory	61
5.2 Contribution to Practice	63
5.3 Strategic implications of SME Competitiveness	64
5.4 Policy Contributions	65
5.5 Gap reflection on the Research	65
5.6 Chapter Summary	66
CHAPTER 6: CONCLUSION	68
6.1 Summary of Key Findings	68
6.2 Theoretical Contributions	70
6.3 Practical Implications	70
6.4 Policy Implications	71
6.5 Limitations	72
6.6 Future Research Directions	73
6.7 Closing Summary	74
REFERENCES	76
APPENDICES:	82


















Contents of Figures
Figure 1: Conceptual Framework of Digital Traceability Adoption and B2B Outcomes	6
Figure 2:Perceived Impact of Digital Traceability on Trust	41
Figure 3:Digital Transformation Adoption Level	42
Figure 4:Digital traceability Tools Used	43
Figure 5:Supply Chain Efficiency Levels	44
Figure 6:Trust Levels in B2B Relationships	46
Figure 7:Impact of Digital Transformation on Supply Chain Efficiency	47
Figure 8:Actual Impact of Digital Traceability on trust (Regression Result)	48
Figure 9:Drivers of Digital Adoption	49
Figure 10:Benefits of Digital Traceability	50
Figure 11:Barriers to Digital Traceability Adoption	51
Figure 12:Impact of Digital Traceability on B2B Trust	52


Contents of Tables
Table 1:Comparative Analysis of Theoretical Frameworks Used in the Study	11
Table 2:Key Scholarly Definitions of Digital Transformation and Traceability in B2B Agricultural Supply Chain	13
Table 3:Key Digital Transformation Strategies in B2B Agricultural Firms	15
Table 4:Core Studies on Supply Chain Traceability in Agricultural B2B	20
Table 5:Data Collection Methods	31
Table 6:Measurements of Variables	32
Table 7:Reliability Test (Cronbach's Alpha)	40
Table 8:Correlation Analysis	53
Table 9:Model Summary	53
Table 10:ANOVA	54
Table 11:Coefficients	54
Table 12:Hypothesis Testing Summary	55
Table 13:Mixed-Methods Triangulation	55






[bookmark: _Toc220875602]ABSTRACT
The study examined how digital transformation, specifically, the role of digital traceability technologies in increasing trust, transparency, and transaction costs through digital transformation has been applied to the B2B agricultural supply chain in vegetable packaging small and medium-sized enterprises (SMEs) in Bangladesh. The study dealt with the increasing global need of food safety, traceability, and supply chain transparency and how SMEs in the developing world can cope with those demands.
The research design was mixed-method, which relied on the Technology- Organisation- Environment (TOE) model, the theory of Transaction Cost Economics (TCE), and the theory of Commitment-Trust. The quantitative data were gathered with the help of the structured survey of the vegetable packaging SMEs and B2B buyers, and the qualitative data were collected with the help of the semi-structured interviews with the industry managers and stakeholders. The results suggested that the implementation of digital traceability had a positive and significant impact on trust and long-term B2B relationships through the reduction of information asymmetry and supply chain visibility. Moreover, the digital transformation helped reduce the transaction costs, this was as a result of the increased coordination, efficiency monitoring, and operational performance.
Nevertheless, the research revealed significant adoption barriers such as high implementation costs, inadequate digital infrastructure, unavailability of technical skills, organisational change resistance and poor institutional support as well. These issues created a necessity to consider digital transformation strategies at a slow pace with managerial dedication, collaboration with buyers, and policy intervention. Generally, the researchers added to the existing theory by generalising TOE and TCE in a resource-constrained scenario as well as give them any practical values to policy-makers and SME managers that want to enhance the competitiveness of the agricultural supply chains in Bangladesh.
Keywords: Digital transformation, Digital traceability, B2B supply chain, SMEs, Trust, Transaction costs, Bangladesh.


[bookmark: _Toc220875603]                    CHAPTER 1: INTRODUCTION

[bookmark: _Toc220875604]1.1 Background 

The global supply chains over the last decade have experienced unimaginable digital transformation where organisations are embracing digital technologies more in the effort to extend their transparency, efficiency, and resilience. Emerging information and communication technologies, such as cloud computing, Internet of Things (IoT), and blockchain, data analytics have transformed the way companies organise their operations, share information, and inter-organisational relationship management (Vial, 2021, pp.1-5). This is particularly the case in agri- food supply chains since the call to improve on food safety, production quality assurance, traceability and sustainability have resulted in increased concerns that are pushing the upstream suppliers to revitalise their operations.

Trust in the B2B agricultural markets has had close relations with transparency and traceability. Traceability refers to the potential to monitor products and associated information along the supply chain including production and ultimate delivery (ISO, 2017). Digital traceability systems are solutions that replace traditional paper-based systems, the notion of digital traceability systems is implied as the ability to retrieve real-time data and exchange information among the members of the supply chain. Such systems will reduce the information asymmetry, prevent opportunistic behaviour and can provide rapid responses on quality and safety issues (Aung and Chang, 2014). Thus, digital traceability today is more of a compliance instrument, yet, a strategic asset to multi-year relationships of B2B.

The digital transformation in the emerging economies such as Bangladesh where the supply chains in the agricultural sector are not yet connected and depend primarily on the manual nature of the operations. The smallholder farmers use the services of vegetable packaging SMEs to be a key intermediary with the downstream wholesalers, exporters, and retailers. However, the digital infrastructure, information system and technological capabilities of most of such SMEs are low. Informal coordination and manual records keep systems continue to be prevalent in the effort to inhibit transparency and scalability of supply chains (Chowdhury and Dhar, 2022). These contextual problems demonstrate that the systematic analysis of the impact of digital transformation and traceability on trust, transparency, and transaction costs in resource-constrained SME settings is needed.

This study is not broad in scope but is rather narrow as to provide the depth of analysis and contextual representation. The study focuses on the SMEs dealing with vegetable packaging in Bangladesh. Its analysis is limited to B2B supply-chain relationship in the case of SMEs, wholesalers, and the export-oriented buyers. Technologically, the paper discusses digital traceability solutions such as QR code applications, blockchain-based applications, and IoT tracker solutions, but not the wider application of agri-tech, such as precision agriculture.

[bookmark: _Toc220875605]1.2 Problem Statement and Significance of the Study

Although the adoption of digital traceability and supply chain transparency in the world is growing, the level of digital traceability adoption among vegetable packaging SMEs in Bangladesh remains quite low. This poses a great challenge in case of the increasing demands in the B2B buyers and regulatory authorities, regarding the correct, real-time and verifiable product information. This is due to the fact that the current use of manual information system leads to fragmentation and asymmetry in information which leads to lower trust and higher monitoring and coordination costs in B2B relationship.

The restricted degree of trust between the suppliers of SME and the downstream B2B buyers, especially in the markets of exports. Buyers who are unable to accurately cheque the product origins, the handling conditions, or the compliance records are more likely to fall back on short-term contracts, tighten monitoring systems or switch suppliers. Under the view of the Transaction Cost Economics, this type of uncertainty enhances the cost of search, negotiation and enforcement, making total supply chain less efficient (Williamson, 1985, p.15-20).

In addition, the agricultural SMEs in Bangladesh are constrained by infrastructural, financial and human capital shortages that inhibit the adoption of technology. These are insufficient internet connectivity, large starting capital conditions, and lack of digitally skilled workers. Though these barriers have been widely recognised in extant literature there has been a gap on both empirical data on how the process of adoption of digital traceability affects the development of trust and the minimisation of transaction costs in SME-bound agricultural supply chains in third world economies like Bangladesh. It is the gaps in this research that give the main justification of this study.

Although the use of digital transformation and traceability is considered to have been growing in interest in the past, there is a gap in the empirical evidence that is integrated to consider the effect of digital traceability adoption on trust and the cost of transactions through SME dominated agricultural supply chains in developing economies like Bangladesh.
Significance of the study
The theoretical, managerial and policy levels. Theoretically, it expands that of Technology Organisation Environment (TOE) framework, Transaction Cost Economics (TCE), and the Commitment-Trust Theory to an agricultural setting in an emerging economy. Through the combination of these frameworks, which is made empirically, the study contributes to the knowledge in understanding the role of digital technologies that determine the operational and relational results in the SME-based supply chains.
Managerially, the results offer practical implications to the vegetable packaging SME owners and managers in terms of drivers of adoption, trust-building mechanisms, and cost-effectiveness benefits of digital traceability. The research justifies the use of evidence-based decision-making as far as staged digital transformation strategies are concerned.
The study guides national agendas of Bangladesh in digital agriculture and SME development at a policy level. It identifies the opportunities that can be used to speed up the introduction of digital and improve export competitiveness through infrastructure investment, training programmes, and regulatory support.
[bookmark: _Toc220875606]1.3 Research Aim

The main objective of the research is to investigate the impact of digital transformation, namely, digital traceability solutions, namely blockchain tools, QR code traceability, and IoT-enabled tracking, on the issue of trust, transparency, and transaction costs in the B2B agricultural supply chain of vegetable packaging companies in Bangladesh.

[bookmark: _Toc220875607]1.4 Objectives of the Research

In order to fulfil the mentioned purpose, the research is guided by the following objectives:
1. To determine the extent of the uptake of digital traceability technologies by vegetable packaging SMEs in Bangladesh.
2. To test the connection between the digital traceability adoption, formation of trust, and reduction of the transaction cost in B2B supply-chain relationships.
3. To determine the technological, organisational, and environmental obstacles to digital change in vegetable packaging SMEs.
4. To create a digital traceability adoption model to suit the situation of agricultural SMEs in emerging markets.
[bookmark: _Toc220875608]1.5 Research Questions

Consistent with the research aim and objectives, the research questions include:
1. How does digital traceability adoption influence trust and long-term B2B relationships among vegetable packaging SMEs in Bangladesh?
2. What are the main barriers to digital traceability technology adoption by vegetable packaging SMEs in Bangladesh?
3. What ways can there be designed to make digital transformation frameworks more transparent and lower transaction costs in B2B agricultural supply chains?

[bookmark: _Toc220875609]1.6 Conceptual Framework

The research paper suggests a conceptual framework that can be regarded as integrative, putting digital traceability in the core of the mediating construct between the adoption of digital transformation and the relational and efficiency outcomes. Basing the conceptualisation of technological readiness, organisational capability, and environmental pressure as antecedents to digital traceability adoption, the conceptualisation relies on the TOE framework. Transaction Cost Economics describes why digital traceability is cost-effective in reducing information asymmetry and monitoring costs whereas the Commitment-Trust Theory explains why increased transparency creates trust and trustworthy relationships in the long run between B2B.

This section presents the conceptual framework developed for this study, integrating the TOE framework, Transaction Cost Economics and Commitment-Trust Theory.
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[bookmark: _Toc220875676]Figure 1: Conceptual Framework of Digital Traceability Adoption and B2B Outcomes
Source: Author’s own construction based on TOE, TCE and Commitment–Trust Theory 
	= Direction of Influence
	Boxes = Key Constructs
	TOE = Technology-Organisation-Environment Framework
	TCE = Transaction Cost Economics

The proposed research postulates a concerted conceptual framework where adoption of digital traceability serves as a mediator between situational factors of adoption and its B2B performance results. The (TOE) model based on the Technology-Organisation-Environment is used to explain technological preparedness, organisational preparedness and environmental pressure as antecedents of digital traceability adoption. Transaction Cost Economics (TCE) provides the explanation of the fact that the digital traceability lowers information asymmetry and monitoring cost, whereas the Commitment-Trust Theory focuses on the role of the increased transparency in promoting relational trust and long-term B2B cooperation. With the framework, the conceptualisation of digital traceability is a strategic facilitator of economic efficiency as well as relational performance in SME-based agricultural supply chains.
[bookmark: _Toc220875610]1.7 Chapter Summary

This chapter provided the conceptual basis of the study as it has identified the significance of digital transformation and traceability in improving trust, transparency, and efficiency in B2B agricultural supply chains. It provided the focus of research on the SMEs of vegetable packaging in Bangladesh and explained the importance of applying the digital traceability by bringing together the Technology-Organisation-Environment (TOE) framework, the Transaction Cost Economics (TCE), and the Commitment-Trust Theory.
The suggested conceptual framework was also presented in the chapter as the digital traceability adoption has been introduced as a key device that connects the technological, organisational, and environmental factors to the relational and economic results. The next chapter is a critical review of the available academic literature and theoretical view that inform the research hypotheses and research design.





[bookmark: _Toc220875611]                                 CHAPTER 2: LITERATURE REVIEW

In this chapter, the review of the academic literature on the digital transformation and digital traceability in the B2B agricultural supply chains is conducted critically. The review aims at establishing major theoretical views, empirical evidence and current scholarly discussion, regarding the use of technology, supply chain transparency, the transaction cost, and trust-based relationships. Instead of a descriptive summary, this chapter analyses the strengths and weaknesses of studies which have been conducted on similar research to illustrate the gaps in the research and to present issues that have not been addressed, especially issues surrounding small and medium-sized enterprises (SMEs) doing business in the developing economies like Bangladesh.

[bookmark: _Toc220875612]2.1 Theoretical Foundations

Technology-Organisation-Environment (TOE): TOE is a highly adopted theoretical perspective of understanding the organisational adoption of technology innovations. The model accounts the adoption behaviour in three dimensions that are interrelated and these are technological, organisational, and environmental context (Tornatzky and Fleischer, 1990).  Technological preparedness is the presence of sufficient digital infrastructure, technical skills, and IT equipment to put in place digital traceability systems. In developing nations like Bangladesh, vegetable packaging SMEs usually do not have access to high-quality internet connectivity, ineffective information systems, and the lack of digital literacy, which is extremely limiting in terms of preparedness (Haque et al., 2022).

There is a strong connection between perceived benefits and managerial decision-making because SMEs are more inclined to implement digital traceability technologies when they anticipate the enhancement of transparency, trust between buyers, efficiency of operations, and accessibility to the market (Kraus et al., 2021). In the case of SMEs that use informal and paper-based systems, low compatibility tends to create resistance to adoption.

TOE framework organisational context reveals that the organisational culture, leadership commitment and resources constraints are important. It requires leadership preparedness and strategic vision in order to facilitate digital transformation, especially in SMEs where decision-making is very centralised. Provisions of resources such as financial limitations and lack of skilled personnel also limit adoption capacity (Ali et al., 2023). The environmental aspect considers the pressures by the buyers, regulators, and competition that occur outside the buyer. Such pressures render the TOE framework especially appropriate in order to analyse the digital adoption among SMEs in developing economies.
External pressures that comprise of buyers, regulators, and competitors are captured by the environmental dimension. Nevertheless, the majority of studies that address the adoption of general technology do not offer much empirical data on the traceability-specific adoption of general technology adoption in SME-dominated agricultural supply chains of the developing economies like Bangladesh.

Transaction Cost Economics (TCE): TCE is a theory of the economies of Williamson (1985), who focuses on the way the firms structure economic transactions in order to reduce the cost of the relationship that happens because of the exchange. The core ideas of TCE are the opportunism, information asymmetry and monitoring costs. These risks are usually enhanced in the traditional ag agribusiness supply chain through reduced transparency and fragmented information systems, which results in a rise in transaction costs (Queiroz and Wamba, 2019).

Digital traceability technologies provide solutions to minimise transaction costs with regards to accuracy, transparency and access of information. Digital systems enable the reduction of search costs to buyers by availing real-time verifiable information on the product origin, handling, and movement, lowering negotiation costs by means of standardised information, and minimising the enforcement costs through enhanced monitoring and compliance verification (Saberi et al., 2019). These efficiencies are especially significant in B2B agricultural markets where there is usually quality uncertainty and coordination issues.

However, although TCE can be used to explain cost efficiency, there is limited empirical research to empirically prove that transaction cost reduction can be achieved using digital traceability technologies in agricultural SMEs.
[bookmark: _Toc220875613]2.2 B2B Relationships and the Trust Theory on commitment

Morgan and Hunt (1994) divide their arguments into the Commitment Trust Theory that holds that the factors most important to the success of a long-term B2B relationship are commitment and trust. Trust adds a sense of confidence to a firm on the reliability, integrity, and competence of their partner in exchange, whereas commitment entails the desire to uphold a highly-rated relationship in the long-run. Trust is especially crucial in agricultural B2B supply chains as the products are not guaranteed to be of quality, price fluctuations are natural, and the information flow is dependent on proper information flows.

Digital traceability allows verifiable records and sharing of real-time information, which builds buyer confidence through the mitigation of suspicion of opportunistic behaviour (Ali et al., 2023). Digital transparency does not replace interpersonal trust on the contrary, it supports the credibility and accountability of relational trust.

Thus, despite the theory describing the outcome in relation, the use of the theory in technology-mediated trust in SME-based agri-food supply chains has not been fully explored.

To bring a more integrated picture of the theoretical grounds that this research is based on, Table 1. will compare the most important frameworks used in the study and indicate how each one of them is relevant to the research questions.

	Theory
	Core Focus
	Key Constructs
	Application in this Study

	Technology–Organisation–Environment (TOE) (Tornatzky & Fleischer, 1990)
	Explains organisational technology adoption decisions
	Technological readiness, organisational capability, environmental pressure
	Used to identify barriers and drivers influencing digital traceability adoption among vegetable packaging SMEs (RQ2).

	Transaction Cost Economics (TCE) (Williamson, 1985)
	Minimisation of transaction and coordination costs
	Information asymmetry, monitoring costs, coordination efficiency
	Applied to assess how digital traceability reduces transaction costs and improves supply chain efficiency (RQ3)

	Commitment–Trust Theory (Morgan & Hunt, 1994)
	Relationship quality and long-term partnership development
	Trust, commitment, cooperation
	Used to analyse how digital traceability enhances trust and strengthens B2B relationships (RQ1).


Source: Author’s compilation based on literature review (2024)
[bookmark: _Toc220875688]Table 1:Comparative Analysis of Theoretical Frameworks Used in the Study

Combined application of these frameworks gives insight into the conceptual model, Chapter 2, and empirical data analysis, Chapters 4 and 5.
The technological, organisational, and environmental factors, which affect adoption of digital traceability among SMEs in the vegetable packaging sector in Bangladesh, are explained using Technology-Organisation-Environment (TOE) framework. Transaction Cost Economics (TCE) offers an economic approach by examining how digital technologies minimise information asymmetry, monitoring costs, and inefficiency in coordination in B2B supply channels. Moreover, the Commitment-Trust Theory can also be used to supplement these frameworks as transparency and exchanging credible information with the help of digital traceability can increase trust and improve buyer-supplier relations in the long term.
[bookmark: _Toc220875614]2.3 Major Themes and Academic Discussions

In order to have a clear conceptual conceptualization of digital transformation and traceability, Table 2. presented an overview of the major scholarly definitions that are applicable in the B2B agricultural supply chains.

	Author(s) & Year
	Definition
	Core Digital Elements
	Relevance to This Study

	Vial (2021)
	Digital transformation refers to the integration of digital technologies to fundamentally improve business processes, organisational structures, and value creation mechanisms.
	Cloud computing, IoT, data analytics
	Demonstrates how digital tools enhance operational adaptability among vegetable packaging SMEs.

	Bai et al. (2021)
	Digitalisation enables sustainable supply chain performance through data-driven coordination and visibility.
	Big data analytics, AI tools
	Supports the TOE framework by emphasising technological readiness and sustainability pressures.

	Kamble et al. (2022)
	Blockchain technology provides immutable transaction records that enhance transparency and trust among supply chain actors.
	Smart contracts, distributed ledgers
	Aligns with Commitment–Trust Theory by explaining trust development through digital traceability.

	Dutta & Misra (2022)
	ICT adoption improves coordination and efficiency in agricultural supply chains by reducing information asymmetry.
	ERP systems, mobile applications, IoT
	Substantiates Transaction Cost Economics by demonstrating reduced monitoring and coordination costs.

	Rejeb et al. (2023)
	Digital traceability enables tracking of product movement across the supply chain, ensuring transparency and accountability.
	Blockchain, RFID, IoT sensors
	Directly informs this study’s focus on traceability adoption in export-oriented SMEs.

	Rahman et al. (2024)
	Digital readiness and skill development are critical enablers of digital transformation in agri-businesses.
	Digital infrastructure, workforce skills
	Demonstrates organisational barriers faced by Bangladeshi SMEs within the TOE framework.

	This Study (2024)
	In this study, digital transformation and traceability are defined as the strategic adoption of digital tools—such as QR codes, blockchain-enabled records, and digital information systems—to enhance transparency, reduce transaction costs, and strengthen trust-based B2B relationships among vegetable packaging SMEs in Bangladesh.
	QR codes, blockchain systems, ERP/SCM software, digital data sharing
	Provides an operational definition aligned with the research and integrates TOE, TCE, and Commitment–Trust theoretical perspectives to conceptualise digital transformation and traceability adoption among Bangladeshi vegetable packaging SMEs.


Source: Author’s compilation based on literature review (2024)
[bookmark: _Toc220875689]Table 2:Key Scholarly Definitions of Digital Transformation and Traceability in B2B Agricultural Supply Chain

Despite the conceptual succinctness of these definitions, the majority of them is based on research in advanced economies and big companies. It is not clear how they can be directly applied to vegetable packaging SMEs in Bangladesh, and must be empirically classified into contexts.
Based on these definitions, this paper creates a contextualised operational definition specific to the vegetable packaging SMEs in Bangladesh based on which the theoretical and analytical frame of the dissertation is formed.
The study will assume the contextualised meaning of digital transformation and traceability based on reviewed literature that indicates the realities of vegetable packaging SMEs operations in Bangladesh. However, this definition combines technological readiness, reduction of companies’ transaction costs, and trust-building mechanisms, which complies with the TOE framework, the Theory of Transaction Costs and the Trust-Commitment Theory.

[bookmark: _Toc220875615]2.3.1 Agricultural Supply Chain Digital Transformation

The digital transformation has become a highly essential facilitator of efficiency, transparency, and sustainability in the agricultural supply chain. According to the recent reports, the growing use of digital technologies based on blockchain, QR code systems, Internet of Things (IoT) sensors, and cloud-based platforms aims to enhance the organisation of traceability, quality assurance, and coordination among the actors of the supply chain (Saberi et al., 2019). Digital transformation in the context of agri-food allows for tracking products in farm-market in real-time, minimising the number of errors related to manual record-keeping and improving food safety compliance.
Nonetheless, there is still scholarly controversy on the imbalanced digital transformation ratio between the developed and the developing economies. Although bigger agribusiness firms in developed nations have been able to adopt the new sophisticated digital systems, SMEs in the developing nations are usually left behind because of the infrastructural vulnerability, inability to invest, and lack of skilled workforce (Kamble et al., 2020). In Bangladesh, SMEs dealing with agricultural products especially vegetable packaging companies still use a lot of traditional practises which makes it impossible to meet the international standards of traceability and transparency. The latter gap explains the necessity of context-specific digital transformation models depending on resource-limited settings.
Nonetheless, most digital transformation models are created in large scale agribusiness, and there is a lack of models that consider the financial, infrastructural, and human resource limitations of SMEs in developing nations.

	Strategic Focus 
	Description
	Supporting Source(s)

	Digital Capability - Establishing Connectivity ERP, IoT and blockchain amongst members of the supply chain to improve visibility and coordination.
	Educating the employees and farmers on digital literacy to enhance adoption.
	Rahman et al. (2024)

	Technology Integration - Good top management assistance to promote digital transformation strategies and organisational change.
	Connexions between ERP, IoT, and blockchain with partners.
	Bai et al. (2021)

	Leadership Investment - A high-level management backing to initiate digital transformation initiative and organisational change.
	Top management assistance to propel DT strategy.
	Vial (2021)

	Policy and Institutional Support - The digitalization of methods to enhance efficiency and minimise post-harvest waste in the environment.
	Co-operation with government digitalization programs.
	Rahman & Akter (2022)

	Sustainability Alignment
	The incorporation of DT to realise environmental efficiency and waste reduction.
	Dutta & Misra (2022)


Source: Author’s compilation
[bookmark: _Toc220875690]Table 3:Key Digital Transformation Strategies in B2B Agricultural Firms

The strategies provided in Table 3. are an indication of prevailing themes in literature as they provide significance to technological integration, leadership commitment, policy support and alignment to sustainability. These are the dimensions of strategic dimension that are especially applicable to SMEs in emerging economies in which the digital transformation is conditioned by infrastructural constraints and institutional factors.
[bookmark: _Toc220875616]2.3.2 Traceability and Transparency of B2B Markets

Traceability has been generally accepted as a key enabling tool to increase transparency and accountability in the B2B supply chains. Digital traceability systems also enable buyers to obtain reliable and verifiable data about the origin of products, their handling conditions, and distribution channels and decrease suspicion and perceived risk (Aung and Chang, 2014). Transparency, in B2B agricultural markets, has been a growing concern because of heightened food safety and concerns about sustainability and ethics in sourcing.
Although positive, scholars have a debate on whether technological transparency is enough to enhance supply-chain relationships. Other researchers state that digital traceability enhances credibility as it offers objective, data-driven information on compliance and quality (Queiroz and Wamba, 2019). Other warnings are that organisational commitment and relational governance should accompany technology to generate meaningful transparency results (Hastig and Sodhi, 2020). 
This discussion suggests that technological transparency is not likely to translate into relational trust especially in SME-led supply chains whereby informal governance structures prevail.
[bookmark: _Toc220875617]2.3.3 The Barriers of Adoption of Small and Medium-Sized Enterprises

An extensive literature has determined that there are various obstacles that hinder the adoption of digital traceability by SMEs. The technological obstacles consist of the high cost of implementation, low quality of digital infrastructure, and cybersecurity issues and insufficient technical skills (Haque et al., 2022). These obstacles are even more pronounced in firms of developing nations, as there is still no access to available and stable internet and technical support.
Another limitation to adoption is organisational challenges like change resistance, poor digital culture and leadership readiness. The owners of SMEs are commonly focused on survival on short-term operations instead of long-term digital investments, decreasing the strategic intentions to transformation efforts (Ali et al., 2023). 
These obstacles imply that the issue of adoption is not entirely technological but is rather entrenched in the organisational culture and institutional settings.
[bookmark: _Toc220875618]2.3.4 B2B Supply Chain Trust, Risk, and Relationship Quality

The key themes of B2B supply-chain studies include trust and quality of relationships especially within agri-food (high uncertainty) and information accuracy reliance setting. Empirical research continuously proves that trust strengthens cooperation, acts as a deterrent to conflict and facilitates continuity of long-term relationships (Morgan and Hunt, 1994). Digital traceability has also been explored more as a technological tool that has an impact on forming trust through the reduction of information asymmetry and opportunistic behaviour.
Nevertheless, researchers argue about the question of whether technology can replace relational trust or help to supplement it. Although experts believe that traceability based on blockchain can serve as a trustless system by instilling credibility in the technological infrastructure (Saberi et al., 2019), others assert that the social construction of trust is socially reinforced and that it is reliant on recurrent interactions and shared expectations (Hastig and Sodhi, 2020). 
This shows that confidence in agricultural B2B settings is a social construct that cannot be entirely substituted by technological systems only.
[bookmark: _Toc220875619]2.3.5. Construction of Academic Discussions

All in all, there is a general agreement in the literature about how digital traceability could be used to improve transparency, minimise transaction costs, and increase trust in B2B agricultural supply chains. Nevertheless, much controversy is still present in terms of feasibility of adoption in the context of SMEs, the role of institutional support and interplay between technological and relational systems of governance. These unanswered questions indicate a research gap, especially in the developing economies, and support the necessity of the empirical research of how the digital transformation frameworks can be successfully structured and adopted in the context of the agricultural supply chains, dominated by the SMEs.
[bookmark: _Toc220875620]2.4 Empirical Studies Review

The literature carried out in developed economies mostly focuses on the efficacy and governance advantages of digital traceability implementation. As an example, Queiroz and Wamba (2019) empirically show that blockchain-based traceability enhances supply-chain transparency, and minimises the costs of coordination in B2B setting. Likewise, Saberi et al. (2019) conclude that digital traceability systems increase the trust and compliance due to the minimisation of information asymmetry and opportunistic behaviour. However, the studies mostly cover big companies that have a developed digital infrastructure, which restricts the range of its applicability to SME-dominated agricultural settings.
On the contrary, empirical studies in developing nations indicate to the existence of crucial structural and contextual challenges. The authors of the studied agri-SMEs in Bangladesh, Haque et al. (2022), define the infrastructural constraints, the high cost of implementation, and the absence of digital skills as the significant obstacle to the use of traceability. They find that although SMEs identify the opportunities of digital systems, the decisions of adopting them are strongly limited by the availability of resources and institutional encouragement. Likewise, Ali et al. (2023) discover that the organisational readiness and buyer pressure can have a strong influence on the adoption of digital technologies in agricultural SMEs, which confirms the applicability of the Technology–Organisation–Environment (TOE) paradigm in the setting of emerging economies.
There are a number of empirical studies on the connexion between digital traceability and trust in B2B supply chains. Aung and Chang (2014) reveal that better traceability results in better buyer confidence through availability of verifiable information about a product especially in food safety sensitive markets. Recent articles indicate that long-term buyer-supplier connections are enhanced because digital traceability enhances transparency and perceived risk mitigation (Kamble et al., 2020). 
Empirically, transaction cost theory results in the same direction that, according to empirical evidence, digital traceability helps reduce the cost by reducing monitoring, negotiation, and enforcement costs. Indicatively, Hastig and Sodhi (2020) indicate that digital transparency decreases agri-food supply chains disputes and inefficiencies in coordination. This methodological weakness limits how well the results can be generalised to agricultural supply chains in the real world, in low- and middle-income countries.
Nevertheless, badly missing contextualised empirical data that concentrates on vegetable packaging SMEs in Bangladesh are noticeable. Specifically, little evidence has been conducted on the effect of digital traceability on trust formation and transaction costs minimisation at once by means of an integrated TOE-TCE-Commitment-Trust model. Solving this gap is the basis of the rationale of the current study.
Altogether, despite the fact that the current empirical research supports the operational advantages of digital traceability, it does not pay much attention to comprehensive examination of trust building and cost saving reduction in SME-based agricultural supply chains in the developing economy.

In order to as SMEs previous empirical research on the topic of digital traceability in agricultural and food supply chains, this section will examine some of the most relevant peer-reviewed research published since 2018. The chosen literature addresses traceability technologies, including blockchain, IoT, ERP systems and digital platforms, and the specific ways they can be applied with references to making the supply chain more efficient, transparent, trusted, and governed. Table 4. shows a systematic overview of the main empirical researches with their emphasis on the regional context, technology, methodological issues, and key results.

	Author(s) & Year
	Region
	Technology Focus
	Methodology
	Key Findings
	Link

	Islam et al. (2023)
	Bangladesh
	ICT & ERP systems
	Mixed methods
	Identified readiness gaps in digital adoption.
	DOI:10.1007/s10479-022-04856-5

	Rejeb et al. (2023)
	Global
	Blockchain in food traceability
	Systematic review
	Found blockchain improves data integrity and visibility.
	DOI:10.1016/j.foodcont.2022.109041

	Rahman & Akter (2022)
	South Asia
	Digital platforms
	Case study
	Highlighted need for hybrid tracking systems.
	DOI:10.1016/j.techfore.2021.121366

	Kamilaris et al. (2022)
	Global
	Blockchain agriculture
	Review
	Blockchain builds trust and prevents fraud.
	DOI:10.1016/j.foodres.2022.112334

	Razaque & Shakir (2021)
	Asia
	IoT-based logistics
	Empirical
	IoT improves visibility in perishable transport.
	DOI:10.1016/j.compag.2021.106445

	Fahimnia et al. (2022)
	Australia
	Blockchain
	Simulation
	Showed improvement in food recall and governance.
	DOI:10.1016/j.tre.2021.102516


Source: Author’s compilation
[bookmark: _Toc220875691]Table 4:Core Studies on Supply Chain Traceability in Agricultural B2B

The works have been summarised in Table 4 and show that there is a considerable agreement that digital traceability technologies increase supply chain transparency, data integrity, and operational visibility. The studies carried out by research institutions in developed and emerging economies emphasise the importance of blockchain and systems of the Internet of Things in the minimization of information asymmetry and enhancing food safety and recalls management. Nevertheless, contextual differences are also marked by the empirical evidence. Research that targets the developing environment, such as South Asian and South Asian-based countries such as Bangladesh, document ongoing issues in the form of digital preparedness, infrastructure constraints, and training have gaps in SMEs. Furthermore, although numerous studies focus on factors of technological efficiency and compliance, comparatively less has been done on the aspect of relationships associated with traceability especially the development of trust in B2B relations. These constraints highlight the necessity of both combined theoretical methods and contextualised empirical research, which is what this dissertation is aimed at fulfilling.
[bookmark: _Toc220875621]2.5 Gap in research identification

Although the literature on digital transformation and the supply-chain traceability has been growing, there are some important gaps in research, especially considering small and medium-sized enterprises (SMEs) in the developing economies. The literature transfers to the large agribusiness companies or supply chains in the developed world and analyses them, where digital infrastructure, regulatory implementation, and financial resources are comparatively developed (Saberi et al., 2019; Queiroz and Wamba, 2019). As a result, these studies are not applicable in the SME-based agricultural economics in a country like Bangladesh.
To begin with, there is a significant shortage of empirical studies that investigate the adoption of digital traceability among the agricultural SMEs, particularly vegetable packaging companies. In the majority of the previous research, SMEs are discussed as a homogeneous category, or they are not discussed at all, even though they are in the agri-food supply chains of developing economies (Haque et al., 2022). 
Second, even though previous studies have recognised the potential of digital traceability to boost transparency and efficiency, little empirical efforts have been devoted to the relevance of the concept in the process of trust formation in B2B relationships. Trust has been more of an implication, as opposed to a quantifiable element based on the relationship marketing theories like the Commitment–Trust Theory (Morgan and Hunt, 1994). 
Third, although TCE has been extensively used to understand the efficiency of coordination and governance forms, limited literature empirically examines the idea of how digital traceability can decrease certain transaction costs, including monitoring, negotiation, and enforcement costs, in agricultural supply chains that involve SMEs (Hastig and Sodhi, 2020.)
Lastly, the literature has demonstrated a theoretical fragmentation and many studies used the Technology-Organisation-Environment (TOE) framework, TCE, or trust-based theories separately. Integrated empirical frameworks that explain or determine the adoption determinants, cost efficiency outcomes, and relational performance simultaneously are lacking. The need to fill such gaps gives good reasons why the current study should be undertaken.
[bookmark: _Toc220875622]2.6 Conceptual Framework Development

To address the research gaps identified, the study formulates a synthesised conceptual framework that integrates Technology Organisation Environment (TOE) framework, Transaction Cost Economics (TCE), and Commitment-Trust Theory to study digital traceability adoption and its effects in B2B agricultural supply chains. The model puts digital traceability as one of the focal mediating constructs between drivers of adoption and economic and relational outcomes.
Based on the TOE framework, the technological, organisational, and environmental issues are conceptualised as important determinants that contribute to the adoption of digital traceability technologies by vegetable packaging SMEs. The feasibility of adoption is determined by technological readiness, perceived benefits and compatibility, whereas internal decision-making is determined by organisational leadership, organisational culture and resource availability. Buyers, regulators and competitors also plunge their environmental pressure on adoption, which further encourages or impedes adoption decisions (Tornatzky and Fleischer, 1990; Ali et al., 2023).
Digital traceability is theorised to affect the results of transaction costs once adopted as explained by TCE. Through increased transparency and accuracy of information, digital traceability eliminates information asymmetry and opportunistic behaviour, which results in the reduction of monitoring, negotiation, and enforcement costs (Williamson, 1985; Queiroz and Wamba, 2019).
The conceptual framework with the addition of TOE, TCE, and the Theory of Commitment-Trust provides a comprehensive explanation of the process of digital traceability adoption, provides a decrease in transaction costs, and increases trust-based relationships in SME-dominated agricultural supply chains. 

[bookmark: _Toc220875623]2.7 Conceptual Framework and Research Gap

According to the literature examined, this research will come up with a conceptual framework that proposes the idea that digital transformation will facilitate the establishment of digital traceability systems that will impact supply chain efficiency, trust, and cost reduction of transactions in B2B agricultural setting. As it has been proven by previous research, digital technologies are beneficial in terms of their operations to improve transparency and coordination in the supply chain (Saberi et al., 2019; Queiroz and Wamba, 2019).
Nevertheless, a significant portion of the empirical studies has concentrated on the big firms in the developed economy, and very little to small and medium enterprises (SMEs) in the developing economies (Haque et al., 2022; Ali et al., 2023). Moreover, the current literature is inclined to analyse the adoption, formation of trust and reduction of transaction costs as three independent phenomena, instead of involving an integrated theory (Hastig and Sodhi, 2020).
Accordingly, there is still a large research gap in terms of the joint impact of digital traceability on trust and reduction of transaction costs in SME-dominated agricultural supply chains in developing economies such as Bangladesh. The paper, therefore, fills this gap by implementing a combined TOE-TCE-Commitment-Trust model and a mixed-method design to produce empirical data.


[bookmark: _Toc220875624]               CHAPTER 3: RESEARCH METHODOLOGY


This chapter presents the research approach to be applied to investigate the impacts of digital transformation and traceability technologies on trust, transparency, and the cost of other transactions in the B2B agricultural supply chain of the vegetable packaging SMEs in Bangladesh. The conceptual framework formulated in Chapter 2 that combines the Technology-Organisation-Environment (TOE) framework, Transaction Cost Economics (TCE) and the Commitment-Trust Theory underlies the chapter directly in relation to the research aim and objectives stated in Chapter 1 and the theoretical framework of the chapter.
This chapter aimed to support and elaborate the philosophical position, research design, research strategy, sampling methods, data collection methods and data analysis methods used in the current study. Since the adoption of digital traceability is a socio-technical issue, both measurable (a decrease in transaction costs) and social (trust and organisational preparedness) aspects were considered in this research. The chapter is, therefore, structured in the following way: research philosophy, research approach, research design, research strategy, sampling strategy, data collection methods, measurement development, data analysis procedures, ethical considerations, methodological limitations and chapter summary.

Research Hypothesis
According to the conceptual framework, four hypotheses (H1, H2, H3, and H4) were developed to test the relationships between digital traceability adoption, trust, transaction costs, and long-term B2B relationships. This hypothesis guided the empirical investigation and were tested using the mixed-methods research design adopted in this study.

[bookmark: _Toc220875625]3.1 Research Philosophy

Ontology is about what the reality is like and what is valid knowledge that can be made about the reality (Saunders, Lewis and Thornhill, 2019). The ontological stance in this study is based on critical realism that presupposes that social phenomena like digital traceability adoption do exist regardless of the perception of an individual, and are subject to development and expression under social, organisational, and contextual circumstances.
The digital traces technologies, i.e., QR codes, blockchain, records and IoT-tracing utilisation is a tangible and visible phenomenon in the context of the Bangladeshi vegetable packaging Multiple regression analysis. Nevertheless, the manner in which such technologies are adopted, viewed, and used differs across managerial mindsets, organisational capacities and environmental demands. Critical realism can thus be used because it accepts that there exists an objective reality (technology adoption and its results) and that access to the objective reality is mediated by human interpretation as well as institutional structures (Bhaskar, 1978; Easton, 2010).

Epistemology is connected with the manner in which the knowledge about reality can be created and justified. This paper takes a mixed epistemological approach which incorporates the aspects of positivism and interpretive. Based on a positivist standpoint, the research aims at quantification of relationships between variables like digital traceability adoption, trust, and reduction of transaction costs using survey quantitative data. In the interpretivist approach it understands that trust, transparency and organisational preparedness are constructed socially and can best be explained through qualitative insights.
Such a hybrid epistemological stance endorses the application of mixed methods, and this approach is most appropriate in Multiple regression analysis-based studies of developing nations, where technology adoption outcomes usually depend on contextual factors (Creswell and Plano Clark, 2018).
The reasons why Critical Realism is justified are as follows.
Critical realism suits the proposed study as it allows analysing both observable results, including the degree of digital traceability uptake and perceived cut in transaction costs, and mechanisms, including the development of trust, the commitment of leadership as well as organisational preparedness. This philosophical position enables the study to describe why and how digital traceability affects B2B relationships in agricultural supply chains by going beyond the superficial association between them (Sayer, 2010).

[bookmark: _Toc220875626]3.2 Research Approach

[bookmark: _Toc220875627]3.2.1 Inductive Deductive Hybrid Approach

This study adopted a hybrid inductive and deductive research approach. The inductive element was applied in the qualitative stage to investigate the unique experiences, perceptions, and obstacles associated with the use of digital traceability. Using Multiple regression Modelling (semi structured interviews) made it possible to generate themes, which may be incompletely addressed using the existing theories.
The deductive element was utilised during the quantitative stage when theories that were derived based on TOE, TCE, and Commitment Trust Theory were tested with the help of survey data. In particular, the hypothesised relationships that are analysed in the study are the effect of digital traceability on trust and the influence of trust on lowering the transaction costs and enhancing long-term relationships between B2B.
[bookmark: _Toc220875628]3.2.2 Conformance to the Conceptual Framework

The approach of the study can be seen as being closely consistent with the conceptual framework developed in Chapter 2. TOE lays the groundwork of identifying technological, organisational, and environmental factors that determine adoption; TCE lays the grounds of the cost-cutting processes that digital traceability provides; and the Commitment-Trust Theory is the relational prism in which outcomes of trust and collaboration are observed.
[bookmark: _Toc220875629]3.3 Research Design

The mixed-methods sequential exploratory design is described as a design that involves combining two distinct methods of inquiry (Berg, 2006, p. 6).
The mixed-methods sequential exploratory design is taken in the research. Phase 1 was based on qualitative data that was gathered and examined in order to investigate adoption motivators, barriers, and trust-related processes. Informed by this step, the quantitative survey tool to be used in the Phase 2 facilitates the development and improvement of the survey.
Phase 2 involved quantitative data collection that would be used to test the generalisability of qualitative results and statistical analysis of relationships between key constructs. The design was especially suitable in new research areas where large-scale measurement is not possible until a contextual understanding of the area is achieved (Creswell and Plano Clark, 2018).
Barriers to trust, transparency and technology adoption are multifaceted and context-specific phenomena which have to be explored in depth qualitatively. Nevertheless, in order to achieve robustness, reliability and managerial relevance, quantitative testing is necessary. The sequential exploratory design as such is a guarantee of depth and breadth in answering the research questions.

[bookmark: _Toc220875630]3.4 Research Strategy

[bookmark: _Toc220875631]3.4.1 Case–Survey Strategy

The research takes a case survey methodology. Two to three Multiple regression analysis of the vegetable packaging that have started or applied digital traceability solutions provide qualitative insights of the cases. Such cases deliver background and real-life experience of adoption processes.
The survey part of the market research is aimed at capturing a wider range of Multiple regression analysis and B2B purchasers to find out some patterns and relations which are not limited to particular cases. Such a combination improves the potential of the study in terms of explanatory and generalisability.
[bookmark: _Toc220875632]3.4.2 Justification of the Strategy

Case-survey designs are generally suggested to use in a technology adoption study of developing economies, where institutional settings and contextual limitation play a major role (Yin, 2018). This plan enables the research to compromise the richness of context with empirical generalisation.
[bookmark: _Toc220875633]3.5 Sampling Strategy

[bookmark: _Toc220875634]3.5.1 Qualitative Sampling

The purposive sampling was applied to identify the qualitative participants, including Multiple regression analysis owners, senior managers, IT managers and procurement officers with direct experience or decision-making authority concerning digital traceability. This will make sure that the participants can make informed and relevant insights.
[bookmark: _Toc220875635]3.5.2 Quantitative Sampling

To achieve heterogeneity within the supply chain, stratified sampling was adopted in the quantitative phase. The respondents will be grouped into three segments adopters, non-adopters, and B2B buyers. Cochran (1977) formula is used in justifying the sample size so that there is the statistical adequacy of the Multiple regression analysis populations.

Given the exploratory nature of the study and access limitations in SME contexts, a sample size of 50 is considered methodologically acceptable for regression-based analysis. Based on methodological studies conducted before, a sample that is in the range of 30 to 100 respondents is adequate to draw meaningful statistics when utilising a small-scale mixed-method research (Saunders et al., 2019). Hence, the sample size applied seemed sufficient to facilitate the objectives of the study in terms of analysis.
[bookmark: _Toc220875636]3.6 Data Collection Methods

[bookmark: _Toc220875637]3.6.1 Qualitative Data Collection

In this research, a mixed-method type of data collection strategy was adopted to achieve, a consistent and profound view of celebrating digital traceability adoption by vegetable packaging Multiple regression analysis in Bangladesh. The combination of qualitative and quantitative data collection methods also allowed the researcher to gain the contextual understanding, managerial perception, and quantifiable trends of technology adoption, trust formation, and reduction in transaction costs. This method aligns with the previous research on technology adoption in the context of developing countries, in which complex organisational and environmental aspects are at play (Saunders et al., 2019).
The research utilized qualitative data through a focus group approach that was initially applied in 1994 (Creswell 2003, p. 18). The data were obtained in qualitative form (12 or 15 Semi-structured interviews) with the key decision-makers of vegetable packaging Multiple regression analysis. The interviews were conducted in a manner that no less than 45-60 minutes were used so that they could be discussed in depth without losing the interest of the participants. Respondents were owners of Multiple regression analysis, operations managers, procurement officers and those involved with digital or record-keeping operations in their firms. The involvement of these participants in supply-chain coordination and technology-related decision-making was the reason why they were selected.
The interview guide was intended to address some of the important themes that were pertinent to the research objectives. These were drivers of adoption of digital traceability, perceived technological and organisational obstacles, previous exposure to digital tools, and the degrees of relational trust with B2B consumers, perceived transparency in supply-chain interactions, and the overall organisational willingness to undergo digital transformation. The semi-structured design not only ensured uniformity in the interviews conducted by the researcher but also gave room to the respondents to expound issues that they deemed the most important in their organisational setting. This is especially helpful in the field of Multiple regression analysis research, where experiences and capabilities differ greatly among firms (Kvale and Brinkmann, 2009).
The quantitative data collection was performed by analysing historical data through the use of mathematical statistics.
[bookmark: _Toc220875638]3.6.2 Quantitative Data Collection 

The quantitative data collection was conducted through examining historical data using mathematical statistics.
The quantitative data was gathered in the form of a structured questionnaire that was distributed online and, in the field, (a combination of online and fieldwork). The two methods were embraced to ensure maximum response rate especially in areas where internet connectivity and network connectivity are minimal. It was found that the questionnaire was aimed both at the vegetable packaging Multiple regression analysis and the chosen B2B buyers to gather the supplier and buyer attitudes towards the digital traceability and trust.
All the measurement items were measured on a five-point Likert scale where strongly disagree was on one end and strongly agree on the other. The main measures of the survey were technological preparedness, perceived advantages of digital traceability, the reduction in the transaction costs, trust in the B2B relationships, and the intention to use the digital traceability systems. Likert scales allowed the quantitative comparison of respondents with one another and further statistical representation of the relationships between the constructs (Hair et al., 2019).

	Method
	Sample
	Purpose

	Survey
	SME owners and operational managers in vegetable packaging firms in Bangladesh
	Quantitative analysis

	Interviews
	Senior managers and supply chain decision-makers
	Qualitative insights


Source: Author’s design
[bookmark: _Toc220875692]Table 5:Data Collection Methods
[bookmark: _Toc220875639]3.7 Measurement Instrument Development

Measurement instruments adopted within this research were based on the adaptation of valid scales, which are found in the academic literature so that reliability and content validity can be taken into consideration. Technological readiness constructs and environmental pressure were based on the research based on the Technology-Organisation- Environment (TOE) paradigm. The items of trust and commitment were based on the existing literature on the theory of commitment-trust, whereas the items associated with transaction costs were inspired by the concept of the Transaction Cost Economics (TCE) and recent studies on the digital traceability and blockchain.
Minor wordings adjustments were employed so that the items were relevant in the Bangladesh agricultural Multiple regression analysis setting. The questionnaire was first formulated in English before taking good care in translating sensitive issues where needed to make the respondents understand. Five vegetable packaging Multiple regression analysis were used in a pilot test in order to determine the clarity, relevancy and time of completion. The pilot study provided feedback on the phrasing and sequencing of items that led to subsequent minor modifications to the phrasing and sequencing to create a more reliable and usable instrument (Sekaran and Bougie, 2020).




	Variable
	Sub-dimensions
	Measurement Source

	Digital transformation
	IT infrastructure, digital skills, process automation, system integration
	Kraus et al. (2021)

	Traceability
	Information visibility, product tracking, data accuracy, system transparency
	Saberi et al. (2019)

	Trust
	Reliability, commitment, credibility, information sharing
	Morgan and Hunt (1994)

	Transaction Cost Reduction
	Monitoring cost, coordination cost, information cost
	Williamson (1985); Rindfleisch & Heide (1997)


Source: Adapted from prior studies
[bookmark: _Toc220875693]Table 6:Measurements of Variables

[bookmark: _Toc220875640]3.8 Data Analysis Procedures

[bookmark: _Toc220875641]3.8.1 Qualitative Data Analysis

Analysis of qualitative data was conducted in the form of thematic analysis approach of Braun and Clarke that gives a structured means of identification, analysis and reporting of patterns of qualitative data. Data familiarisation was initiated by reading through transcripts of the interviews several times and then initial coding was undergone to identify meaningful segments of text. Codes were then clustered into larger themes that were related to the theoretical framing of the study: TOE, TCE, and Commitment–Trust Theory.
The coding design was based on the technological, organisational, and environmental dimensions, transaction cost mechanisms and trust related outcomes. The qualitative data were handled and coded using NVivo Software to improve the coding process in terms of transparency and reliability. The systematic comparison of respondents was also aided by the use of qualitative analysis software and enabled the building of analytical themes that had some support (Braun and Clarke, 2006).
[bookmark: _Toc220875642]3.8.2 Quantitative Data Analysis

The SPSS and Smart PLS software packages were used to analyse the quantitative data. Statistic methods were initially used to describe the characteristics of the respondents and to determine the overall tendencies in the adoption and perceptions of digital traceability. Cronbach alpha was used to conduct reliability analysis to determine the internal consistency of measurement items and a value above 0.70 is acceptable as recommended.
Construct validity was assessed in terms of composite reliability and average variance extracted (AVE). The relationships between key variables were studied with the help of correlation analysis, and the hypothesised relationships between digital traceability adoption, trust, and reduction of the transaction costs were tested with the help of regression analysis. These methods of analysis are generally suggested to use in case of technology adoption and supply-chain research (Hair et al., 2019).
[bookmark: _Toc220875643]3.8.3 Integration of Findings

As per the mixed-methods research design, the integration between qualitative and quantitative findings was done through triangulation approach. This entailed the qualitative theme comparison, with quantitative findings, in order to find convergence, divergence and complementation areas. In cases where results were similar using both datasets, high confidence of the results obtained was given. In cases of inconsistency, the context was explained, which contributed to the richness and explanatory capacity of the analysis (Creswell and Plano Clark, 2018).
[bookmark: _Toc220875644]3.9 Ethical Considerations

The research process was based on ethical considerations. Every participant was informed vividly about the objective of the research, his/her role, and his/her rights as a research participant. Data collection was done after obtaining informed consent and after promising anonymity and confidentiality. Information was kept safely and was only retrieved by the investigator.
A clearly explained option of withdrawing at any stage was given to the respondents and participation in the study was purely voluntary. The use of the research design and data collection process is based on the ethical standards of the University of Wales Trinity Saint David (UWTSD) so that the institutional and academic ethics are observed (Saunders et al., 2019).
[bookmark: _Toc220875645]3.10 Methodological Limitations 

The study was cross-sectional, and the results may not be a true representation of the distribution in the target population.
In spite of its values, this study has a number of methodology shortcomings. The problem of geographical distance and time limited access to the rural and Multiple regression Modelling semi-rural areas, which might influence the diversity of the sample. Also, the use of self-reported survey data creates the risk of response bias, especially in those relatively less digitally literate respondents. Lastly, the applied research is limited to Bangladesh and therefore, the results cannot be wholly generalised to other developing or developed country settings.

The research methodology that was adopted to answer the research questions and objectives of the study. It described the data collection process, measures development, and analytical strategies, ethical issues, and the methodology weaknesses. The combination of qualitative and quantitative research designs allowed carrying out a holistic study of the adoption of digital traceability, trust, and reduction of transaction costs in B2B agricultural supply chains. The next chapter provides and explains the results that are obtained as a result of the gathered data.





[bookmark: _Toc220875646]                    CHAPTER 4: DATA ANALYSIS

In this chapter, there is an elaborate discussion of the collected empirical evidence to answer the research aim and research questions of this study. The main objective of the study is to explore the role of digital transformation, especially technology of digital traceability in the development of trust, transparency, and transaction cost in the B2B agricultural supply chain of Bangladesh vegetable packaging companies. To fulfil this objective, a mixed-methods research design was embraced and that is to incorporate qualitative interview with quantitative survey data. Since the sample was relatively small, it was necessary to use multiple regression analysis, as opposed to complete structural equation modelling, to guarantee the robustness of the statistics. 
The research questions that will be used to drive this chapter go as follows. First, is there an impact of digital traceability on trust and long-term B2B relationships? Second, which are the main obstacles to the implementation of digital traceability to vegetable packaging SMEs? Third, what can be implemented to ensure digital transformation models will enhance transparency and lower transaction costs in B2B supply chains? These questions can be discussed in terms of the structure of this chapter, and it can be stated that it is closely connected with the conceptual framework which is developed in Chapter 2 and incorporates concepts of Technology-Organisation-Environment (TOE) framework, Transaction Cost Economics (TCE), and theory of commitment and trust.
The chapter starts with the introduction of the qualitative and quantitative data. It is preceded by the thematic analysis of the data obtained during interviews which is elaborated based on the theoretical constructs that follow the research. Quantitative findings are then provided such as reliability and validity tests, descriptive statistics, and inferential analysis. Lastly, the qualitative and quantitative results are combined using mixed-method triangulation to offer an inclusive and consistent explanation of results.
The quantitative analysis is based on multiple regression analysis using SPSS to test the hypothesised relationships among key constructs.


Hypothesis of the study
Considering the conceptual framework, the hypotheses were developed as follows:
	Hypothesis
	Statements

	H1
	The adoption of digital traceability has a positive impact on B2B relationship trust.

	H2
	The implementation of digital traceability lowers the cost of transactions.

	H3
	Trust has a positive impact on long-term B2B relationship intention.

	H4
	TOE factors have a significant effect on digital traceability adoption.



[bookmark: _Toc220875647]4.1 Description of the Dataset

[bookmark: _Toc220875648]4.1.1 Qualitative Dataset

The qualitative data were comprised of 12 Multiple regression Modelling semi-structured interviews that were held with representatives of the vegetable packaging Multiple regression analysis that are based in Bangladesh. The purposive sampling was applied to select the respondents so that they could be the persons with the relevant experience and decision-making authority with respect to supply-chain operations and adoption of technologies. The following types of interviewees were used: Multiple regression analysis owners, operations managers, procurement officers, and record-keeping personnel or digital systems personnel.
The firms that were involved were of different sizes and scope. Others were small family-based packaging companies whose production served local wholesalers, whereas others were medium sized businesses that dealt with supplying the exporters and large city purchasers. This difference enabled the research to have a wide range of organisational views and digital preparedness. Companies that were exposed to exports usually indicated greater sensitivity to digital traceability needs on grounds of international food safety regulations and customer compliance needs. Domestically oriented Multiple regression analysis, on the contrary, preferred to use manual records and informal coordination systems.
The digital readiness of interviewees was spread between a minimum usage of spreadsheets and mobile messaging applications, to low usage of traceability systems using QR codes. Very few companies had tried more sophisticated digital solutions. This variety has given fascinating information into the technological, organisational and environmental aspects affecting the adoption of digital traceability (Saunders et al., 2019).
[bookmark: _Toc220875649]4.1.2 Quantitative Dataset

The quantitative data were 50 valid survey answers of the vegetable packaging Multiple regression analysis and a sample of B2B buyers. The survey was conducted online through both distributing it online and visiting the field to carry out the survey because different participants had different access and reading abilities. The total response percentage was around 62, which is reasonable when it comes to Multiple regression analysis-targeted research with the background of developing countries (Hair et al., 2019).
The respondents were divided into two broad categories, namely adopters and non-adopters of digital traceability technologies. Adopters also featured companies that had used QR codes, digital inventory systems or basic traceability systems whereas the non-adopters used solely basic record-keeping systems. This division allowed the comparison of the perception of the variables of trust, transaction costs and the barriers to adoption. B2B purchasers were also represented in the collection of data making the analysis complete with the buyer perspective of transparency and trust.
[bookmark: _Toc220875650]4.2 Qualitative Results: Thematic Analysis

Thematic analysis is a six-stage method of qualitative data analysis whose six phases were used to analyse qualitative data. The reason behind this choice was because the approach is flexible and can be used in theory-based qualitative analysis. The coding was done repeatedly, and in line with the conceptual framework, the process aligned with TOE framework, TCE, and the theory of commitment and trust (Braun and Clarke, 2006).
Theme 1: Technology Readiness (TOE)
The technological readiness proved to be one of the basic elements affecting the adoption of digital traceability. The biggest limitation as pointed out by most of the interviewees was the infrastructural constraints such as poor internet connexions, inappropriate hardware, etc. The high implementation costs were often mentioned especially regarding blockchain-based solutions which were viewed as being cost-prohibitive to Multiple regression analysis.
These were also exacerbated by low levels of IT literacy. Most respondents raised issues about the fact that they would not be able to use and sustain digital systems without external assistance. One SME owner stated:
These results are in line with the existing research that determines technological readiness as one of the vital obstacles to SME digital adoption in developing economies (Hossain et al., 2021).
Theme 2: Organisational Capability
The organisational capability especially the involvement of leadership and availability of internal resources were also important in influence of adoption decisions. Companies that had an active leadership were more open to digital experimentation and learning. Conversely, the change was less prone to SMEs that had conservative management styles and had limited financial flexibility.
There were also skill gaps among the workforce. Workers used to manual operations tended to be hesitant to embrace digital applications because of the fear of being sophisticated and replaced by robots. The findings are in tandem with the organisational aspect of the TOE framework that focuses on leadership preparedness and organisational culture as the predictors of technology adoption (Tornatzky and Fleischer, 1990).
Theme 3: Environmental Pressure
The forces on the environment affecting the adoption were mostly market-driven and not regulatory. Export-oriented buyers were becoming more compliant and required a digital traceability in order to comply with the international standards of food quality, safety, and sustainability. These were the demands of buyers that put a strain on SMEs to embrace digital systems to remain relevant in the market.
Regulatory pressure, on the contrary, was regarded as low. Interviewees noted that there was no strong enforcement of traceability requirements by national authorities, which decreased the demand of adoption of the same to SMEs catering to their local markets. These results align with the TOE based research that highlights on the influence of buyer pressure in digital adoption (Kshetri, 2018).
Theme 4: Transaction-Cost Mechanisms (TCE)
According to the view of the Transaction Cost Economics, implementing digital traceability was linked to significant efficiency improvements. SMEs that had adapted to digital tools said they saw a cost cut in monitoring and enforcement. The data was stored digitally and thus the quantity and quality checks and delivery schedules became easily verified and fewer disputes and misunderstandings with the buyers occurred.
The information asymmetry was minimized too because buyers were able to obtain real-time information about the origin and treatment of the product. 
Such results confirm TCE arguments according to which digital traceability decreases transaction cost due to better information transparency and coordination (Williamson, 1985).
Theme 5: Trust and Relationship Building (Commitment Trust theory)
The main result of the adoption of digital traceability was trust. Interviewees always said that the more open it was, the more confidence and credibility a buyer had. Objective evidence of compliance and performance was offered by digital records, which minimized the uncertainty and perceived risk.
The more the trust, the more willing SMEs would be willing to enter into long term relationships with buyers. Some of the respondents reported that digital traceability enhanced the relational commitment and supported collaborative planning. These results confirm the Committal Trust Theory that focuses on trust as the basis of the long-lasting B2B relationships (Morgan and Hunt, 1994).
[bookmark: _Toc220875651]4.3 Quantitative Analysis

The following section shows the quantitative analysis of the study using survey data of the vegetable packaging SMEs and B2B buyers in Bangladesh. The quantitative analysis is a statistical test of the relationships hypothesised in the conceptual framework, in which the adoption of the digital traceability has an impact on the following: trust, long-term B2B relationships, and the decrease of the transaction costs. The analysis is divided into four subsections, which are the reliability and validity testing, the descriptive analysis, the inferential analysis, and the hypothesis testing.

[bookmark: _Toc220875652]4.3.1 Reliability & Validity
                        
	Construct
	No. of Items
	Cronbach’s Alpha

	Digital Traceability
	5
	0.81

	Trust
	4
	0.79

	Transaction Cost
	4
	0.76

	TOE Factors
	6
	0.83


[bookmark: _Toc220875694]Table 7:Reliability Test (Cronbach's Alpha)

All constructs demonstrate acceptable internal consistency, with Cronbach’s alpha values exceeding the recommended threshold of 0.70 (Hair et al., 2019), indicating satisfactory reliability.

[bookmark: _Toc220875653]4.3.2 Descriptive Statistics

Question 01: What are the general perceived effects of digital traceability on the development of trust in B2B relationships by SMEs?
Sample size: 50 vegetable packaging SMEs (Bangladesh)
Source: Author’s survey and interview data (2024) 
                                                          

[bookmark: _Toc220875677][bookmark: _Hlk220810962]Figure 2:Perceived Impact of Digital Traceability on Trust
Sample size: 50 vegetable packaging SMEs (Bangladesh) - Source: Author’s survey data (2024)                                                                                        
Data: 
Strongly Agree: 22 (44%)
Agree:18 (36%)
Neutral: 6 (12%)
Disagree: 3 (6%)
Strongly Disagree: 1 (2%)
Figure 2 demonstrates that most of the respondents believe that digital traceability positively affects trust in B2B relationships. 44 percent of the participants firmly believe and 36 percent believe that the digital traceability increases trust. It was only 12 percent of those who were neutral with a very small percentage disagreeing (6 percent) and strongly disagreeing (2 percent). It means that the level of perception about digital traceability as a trust-forming tool among vegetable packaging SMEs in Bangladesh is rather positive.
Question 02: How well have vegetable packaging SMEs adopted digital transformation, and what does this tell us about the sector as a whole in regard to digital maturity?

                            
[bookmark: _Toc220875678] Figure 3:Digital Transformation Adoption Level                                    
Sample size: 50 vegetable packaging SMEs (Bangladesh) - Source: Author’s survey data (2024)
Data:
Low adoption: 18 (36%)
Moderate adoption: 22 (44%)
High adoption: 10 (20%)
Figure 3 shows how much the vegetable packaging SMEs in Bangladesh have embraced the transformation of digital transformation. The results indicate that 20% of the companies present high level digital adoption, 44% of firms are at moderate level of digital adoption and 36% of firms are at low level of digital adoption. It means that despite certain achievements with regard to being digitally transformed, the sector is characterised, on the whole, by comparatively low levels of digital maturity. The advanced digital technologies have not been fully exploited by most SMEs; this is an indication that there are structural constraints like limited resources, skills gap, and infrastructural issue in the sector.

Question 03: What are the digital traceability tools that are actively applied by SMEs, why are they still using manual record-keeping?

                                          
[bookmark: _Toc220875679]Figure 4:Digital traceability Tools Used
Data:
Manual records: 28 (56%)
QR/Barcode systems: 15 (30%)
RFID/IoT solutions: 7 (14%)
Despite the current rise in the use of QR and barcode technologies, few firms have adopted advanced technologies like RFID and IoT because of the cost and the infrastructure related limitations.
The significance of this finding is that it indicates that a majority of the SMEs have continued to use manual systems, even though digital tools are present.
This is theoretical in that, they favour TCE since manual systems enhance information asymmetry and monitoring costs.
In practise, it means that SMEs will slowly switch to the simplest digital solutions like QR codes to enhance traceability.
Question 04: What is the perception of the efficiency in the supply chain of SMEs, and are there any visible relations between the level of efficiency and digital integration?
                                
[bookmark: _Toc220875680]Figure 5:Supply Chain Efficiency Levels
Data:
Low efficiency: 12 (24%)
Moderate efficiency: 25 (50%)
High efficiency: 13 (26%)
Companies that record greater efficiency levels are also those that have greater digital integration implying that there is a positive association between digital transformation and operational performance.
The implications of this finding are that it shows that there is a positive relationship between digital integration and supply chain efficiency.
Theoretically, this is favourable to the Transaction Cost Economics, which states that digital systems enhance the efficiency of coordination.
In practise, it means that digital adoption has the potential to improve the operational performance and lead to the decrease in the level of inefficiencies present in the SME supply chains.
Question 05: What are the current trust levels of B2B relationships of vegetable packaging SMEs and how does the same correlate with the Commitment–Trust Theory?


[bookmark: _Toc220875681]Figure 6:Trust Levels in B2B Relationships
Data:
Low trust: 10 (20%)
Moderate trust: 22 (44%)
High trust: 18 (36%)
The figures below (figure 6) displays the distribution of the trust levels between B2B partners. The findings show that most SMEs record moderate to high trust levels, implying that there has been positive relationship environment in the industry. The finding offers contextual consideration to further regression analysis.


Question 06: What has been the extent to which digital transformation has led to the enhancement of supply chain efficiency among SMEs?


[bookmark: _Toc220875682]Figure 7:Impact of Digital Transformation on Supply Chain Efficiency
 Data:
Improved efficiency: 30 (60%)
No significant change: 20 (40%)
Most of the respondents indicate that their supply chains have become more efficient after the digital transformation measures. The observation is empirical evidence of the strength of the Transaction Cost Economics because it demonstrates the ability of digital tools to minimise the costs of coordination and monitoring.
The significance of this result is that it demonstrates that digital transformation results in increased operational efficiency.
Theoretically, this is in favour of TCE, which implies that digital tools do decrease coordination and monitoring costs.
In practise, it means that digital integration can help SMEs to save costs and gain productivity.
Question 07: Do digital traceability systems increase trust between B2B partners in the vegetable suppliers?

[bookmark: _Toc220875683]Figure 8:Actual Impact of Digital Traceability on trust (Regression Result)
Data:
Trust improved: 32 (64%)
Trust unchanged: 18 (36%)
Better visibility of product information and transparency helps in better long-term buyer-supplier relationships.
This finding is significant since it shows that digital traceability is an important factor that increases trust among B2B partners.
Theoretically, this goes in line with the Commitment Trust Theory that associates the transparency to relational trust.
In practise, it means that SMEs need to invest in traceability systems in order to enhance long-term relationships with buyers.
Question 08: What are the major factors that drive SMEs to use digital technologies, and how the environmental pressures affect the choices to adopt?

[bookmark: _Toc220875684]Figure 9:Drivers of Digital Adoption
Data:
Buyer requirement: 20 (40%)
Export compliance: 17 (34%)
Competitive pressure: 13 (26%)
The biggest factor that contributes to the adoption of digital among SMEs is external forces which are mostly buyer needs and export laws. This brings out the significance of the environmental factors in the TOE framework.
The importance of this outcome is in the emphasis on the external pressure as the primary force behind digital adoption.
On a theoretical account, this underpins the environmental aspect of the TOE framework.
In practise, this means that buyer demands and export laws are very important in influencing the SME digital transformation.
Question 09: What do SMEs regard as the major advantages of adoption of digital traceability in specific reference to transparency and dispute reduction?

[bookmark: _Toc220875685] Figure 10:Benefits of Digital Traceability                
Data:
Transparency: 21 (42%)
Reduced disputes: 16 (32%)
Efficiency improvement: 13 (26%)
Greater transparency is the perceived advantage of digital traceability that prevails. Fewer arguments and increased efficiency of operations is yet another indication of the worth of traceability systems in enhancing relationships within a supply chain.
The significance of this finding is that it singles out transparency as the main advantage of digital traceability.
Theoretically, these favours both TCE and Commitment-Trust Theory as it associates transparency and efficiency as well as trust.
In practise, it would mean that SMEs will be able to minimise conflicts and enhance relations with clear digital data.
Question 10: Which are the key obstacles that do not allow SMEs to implement the digital traceability systems and how the cost, skills, and infrastructure constraints interact?

[bookmark: _Toc220875686] Figure 11:Barriers to Digital Traceability Adoption                
Data:
High cost: 19 (38%)
Skills gap: 17 (34%)
Infrastructure limitations: 14 (28%)
There is also a skills short and poor infrastructure that reduces implementation especially to the small firms.
The significance of this finding is that it demonstrates that difficulties in costs and skills are the principal barriers to adoption.
Theoretically, this is in favour of the technological and organisational aspects of the TOE framework.
In practise, it means that the adoption of technologies and training programmes among SMEs requires low costs.
Question 11: what is the overall perception of SMEs about the digital traceability in relation to building trust in B2B relationships?

[bookmark: _Toc220875687]Figure 12:Impact of Digital Traceability on B2B Trust
Data:
High impact: 35 (70%)
Moderate impact: 15 (30%)
Majority of the respondents view digital traceability as one with high positive influence on building trust. The discovery confirms the strategic significance of digital traceability to sustainable B2B relationships of the agricultural supply chain.
This finding is significant since it proves that digital traceability influences trust positively.
Theoretically, this facilitates the Commitment Trust Theory as it substantiates the trust as a tactical relational consequence.
In practise, it means that digital traceability is an important strategic instrument of maintaining long-term B2B relationships.




[bookmark: _Toc220875654]4.3.3 Correlation Matrix

	Variable
	DT
	Trust
	TC

	Digital Traceability (DT)
	1
	
	

	Trust
	0.61**
	1
	

	Transaction Cost (TC)
	-0.54**
	-0.49**
	1


[bookmark: _Toc220875695]Table 8:Correlation Analysis
**= Significant at 0.01 level

The outcome of the correlation reveals the strong positive correlation between digital traceability and trust (r = 0.61), and negative correlation between digital traceability and transaction costs (r = -0.54), which confirms theoretical hypothesis.

[bookmark: _Toc220875655]4.3.4 Multiple Regression Analysis

	Model
	R
	R Square
	Adjusted R^2

	1
	0.71
	0.50
	0.47


[bookmark: _Toc220875696]Table 9:Model Summary







	F
	Sig

	12.4
	0.000


[bookmark: _Toc220875697]Table 10:ANOVA

	Independent Variable
	Beta
	Sig

	Digital Traceability →Trust 
	0.52
	0.001

	Trust → Long-Term Relationship
	0.46
	0.003

	TOE Factors → Adoption
	0.49
	0.002


[bookmark: _Toc220875698]Table 11:Coefficients

The regression outputs indicate that the trust is strongly predicted by the digital traceability (0.52, p < 0.01). Long-term B2B relationship intention is also predicted by trust (0.46, p < 0.01). TOE factors exhibit a significant positive impact on adoption (0.49, p < 0.01).

[bookmark: _Toc220875656]4.3.5 Hypothesis Testing Summary

The proposed hypothesis was tested using the multiple regression analysis. The calculations made suggest that digital traceability is a very important predictor of trust (= -0.52, p = 0.01), which confirms H1. H2 is also supported by the fact that digital traceability exhibits a negative relationship with transaction costs (2 = -0.36, p = 0.05). Trust is also a key predictor of long-term B2B relationship intention (0.48 p = 0.01) indicating H3. Moreover, TOE factors show a statistically significant positive influence on the digital traceability adoption (0.49, p < 0.01), which would prove H4.
	Hypothesis
	Statement
	Result

	H1
	Digital traceability → Trust
	Supported

	H2
	Digital traceability → Transaction cost reduction
	Supported

	H3
	Trust → Long-term B2B Relationship
	Supported

	H4
	TOE Factors → Adoption
	Supported


[bookmark: _Toc220875699]Table 12:Hypothesis Testing Summary

[bookmark: _Toc220875657]4.4 Triangulated Analysis: Mixed-Methods Triangulation

	Theme
	Qualitative Evidence
	Quantitative Evidence

	Trust
	Buyers trust us more
	β = 0.52

	Cost
	Less disputes
	r = -0.54

	Pressure
	Export buyers demand
	β = 0.49


[bookmark: _Toc220875700]Table 13:Mixed-Methods Triangulation

The qualitative and quantitative results indicate that there is a high level of convergence in the main themes. Another significant consequence of the adoption of digital traceability, which was repeatedly mentioned by the participants of the interview, was greater transparency and confidence of buyers. The regression results statistically prove that there is a significant positive correlation between digital traceability and trust (= 0.52, p < 0.01). Likewise, the presence of qualitative evidence on the decreased number of disputes and monitoring activities is consistent with the quantitative result that digital traceability reduces transaction costs by a significant margin (= -0.36, p = 0.05). Moreover, the buyer pressure detected during the interviews is also justified by the strength of the effects of TOE factors on the adoption (= 0.49, p = 0.01). The triangulation in general satisfies the internal validity of the investigation and gives more confidence to the combined framework of TOE–TCE with the Confidence in the Trustworthiness of the integrated model of commitments.

[bookmark: _Toc220875658]4.5 Chapter Summary

In this chapter, a detailed quantitative study of the adoption of digital traceability by vegetable packaging SMEs in Bangladesh has been provided and combined with qualitative data. The findings indicate that the digital traceability has a positive impact on the trust, enhances long-term B2B relationships, and lowers transaction costs. This chapter offers a solid empirical basis of the discussion and theoretical interpretation of Chapter 5 due to integration of statistical evidence and the contextual explanations.

The results, however, are to be considered cautiously because the sample size is quite small and the survey is based on self-reported perceptions, which could reduce the generalisability.














[bookmark: _Toc220875659]                   CHAPTER 5: DISCUSSION AND FINDINGS


This chapter brings up the most significant findings of the study and explains them in connexion with the research aim, objectives, research questions, and the conceptual framework that was designed in Chapter 2. Although Chapter 4 reported the empirical results based on qualitative interviews and quantitative survey data, here we can see how the chapter goes beyond the description, and gives an interpretation and contextualisation through the lens of the theoretical background. The discussion clearly focuses on how the results support, expand or contradict existing literature through a clear linkage with the Technology-Organisation-Environment (TOE) model, the Transaction Cost economics (TCE) model and the Commitment-Trust Theory.
The general interest of the study was to analyse the impact of digital transformation on trust, transparency, and transaction costs through the use of digital traceability systems, i.e. QR codes, blockchain-enabled system, and digital record keeping, in the B2B agricultural supply chain of a type of firm in Bangladesh that deals with vegetable packaging. In this respect, three research questions were developed. 
This chapter will help in the better comprehension of the issue of digital traceability as a technological and a relational process by placing the findings in the context of the global and Bangladesh-specific settings within which agricultural supply chains that are resource-constrained can be managed. In the process, it brings out the contextual realities of SMEs and gives information applicable to theory, practise and policy.

RQ1: What is the Impact of Digital Traceability on Trust and Long-Term B2B Relationships?
According to the quantitative results of this research, the positive impact of the digital traceability on the trust between B2B partners was strong (0.52, p < 0.01). This implies that vegetable packaging SMEs which implemented digital traceability tools enjoyed much more buyer trust than those who did not. Moreover, the survey established that 64 percent of the participants indicated an increase in the levels of trust following the adoption of the systems of digital traceability.
This result is greatly supported by the qualitative findings. The participants of the interview repeatedly claimed that the purchase confidence grew because of digital records as they were able to cheque the information about the origin of products, their way of handling and quality control. Some SME managers reported that customers were basing a lot of their purchases on data generated by the system than on personal assurances especially when it comes to export business.
These results indicate that digital traceability can be viewed as a substitute trust infrastructure in a context characterised by a rather weak institutional enforcement apparatus such as the Bangladeshi SME setting. Instead of using only personal relationship or contractual protection, buyers are using digital records that can be verified to assess supplier credibility.
Moreover, enhanced trust made a great impact on long-term relationship intention (= 0.48, p < 0.01). The SMEs that embraced the use of digital traceability were registering a higher number of repeat orders, less switching of buyers and increased desire of buyers to participate in joint planning processes. This proves that, in addition to increasing transparency, digital traceability also promotes the relational commitment in agricultural supply chains in B2B.
These empirical results build upon the Commitment Trust Theory showing that trust level in new B2B markets may be partly mediated by digital infrastructure instead of relationship-based mechanisms only (Morgan and Hunt, 1994).

RQ2: Which Are the obstacles to the use of digital traceability by Vegetable Packaging SMEs?
According to the quantitative results, technological and organisational constraints were the greatest impediments to the adoption of digital traceability. The questionnaire findings show that approximately half of the SMEs continue to use manual record-keeping practises with only 14 percent being equipped with sophisticated digital applications like RFID and IoT systems. This portrays a poor digital infrastructure preparedness amid the vegetable packaging SMEs in Bangladesh.
This pattern is greatly supported by the qualitative results. The high initial investment cost coupled with inadequate internet connectivity and lack of technical skills were always emphasised by the participants of the interview as critical technological obstacles. Some of the owners of SMEs indicated that weak network coverage in semi-rural areas hampered the ongoing utilisation of the digital systems and thus traceability tools were not consistent in day-to-day business processes.
There was also dominance of organisational barriers. The regression results revealed that TOE organisational factors had a strong impact on the adoption decision (0.49, p < 0.01). Digital traceability was more acceptable by proactive leadership SMEs that had a learning-based culture, but companies with conservative management styles were characterised by employee resistance and fear of operational disruption. The interview findings showed that the elderly employees were especially resistant to the usage of the digital systems because of the low levels of digital literacy.
The adoption was also restricted by environmental constraints. The results have shown that the enforcement of the regulations and government incentives are still lax and this puts less pressure on the domestic SMEs to adopt traceability systems. Export-oriented SMEs on the contrary had high buyer pressure, which intensified their interest in digital traceability tools highly.
On the whole, these results indicate that the use of digital traceability among Bangladeshi SMEs is limited by both the lack of technological capabilities and the organisational willingness and institutional inefficiency. It shows that the digital transformation in resource-constrained situations is more of a managerial/ organisational problem as opposed to a technological problem.

RQ3: How Will Digital Transformation Structures look like to Design to Improve Transparency and Reduce the Cost of Transactions?
According to the quantitative results of this piece of research, the digital traceability showed a strong negative correlation with the transaction costs (= -0.36, p = 0.05). This shows that the SMEs who embraced the use of digital traceability systems enjoyed reduced costs in coordination and monitoring, as opposed to companies that used manual systems. The survey also found that 58 percent of the surveyed respondents indicated that their efforts in monitoring and speed of transactions improved after the introduction of digital.
This finding is supported by the qualitative results. The participants of the interview emphasised that data sharing in real-time, automated documentation and standardised reports decreased the necessity of the repetitive checking, the physical checking and often repeated communications with buyers. A number of SME managers observed that electronic records reduced conflicts on product quality and delivery schedules hence reducing the cost of negotiation and enforcement.
These results indicate that the best digital transformation system, when applied to Bangladeshi SMEs, must focus on three main design components such as real-time data visibility, interoperability of the system amongst the supply chain parties, as well as standardised digital documentation. All these characteristics contribute to transparency but at the same time minimise information asymmetry as well as opportunistic behaviour.
Moreover, the results show that digital transformation models should be embedded at an organisational level and not seen as single IT solutions. SMEs, which implemented digital traceability in the routine of their daily operations, training programmes among the staff and managerial decision-making processes demonstrated higher cost-efficiency and long-term performance gains.
All in all, this paper shows that digital traceability is not only a technological enhancement, but a form of governance that is able to reorganise the transaction processes and minimise economic friction in the B2B agricultural supply chains.


[bookmark: _Toc220875660]5.1 Contribution to Theory

There are several critical theoretical contributions made in this dissertation by merging and building on top of three well-established theoretical frameworks: Technology–Organisation–Environment (TOE), Transaction Cost Economics (TCE), and Commitment–Trust Theory in the under-researched environment of B2B agricultural supply chains in a developing economy. The adoption of digital traceability among the vegetable packaging SMEs in Bangladesh is empirically investigated by the study in a manner that is both contextual and conceptually new to the existing theory.
Optimisation of the TOE Framework within Resource-Limited Situations
The main theoretical contribution of this research is the optimization of the TOE framework to use in the resource-limited SME settings. Although it has been strongly asserted that TOE has been largely applied to explain the adoption of technology in industries, most of the existing literature is highly biassed towards large organisations and developed economies (Tornatzky and Fleischer, 1990; Oliveira and Martins, 2011). 

Moreover, the environmental stressors, particularly the export buyer conditions become even more potent adoption forces than the formal regulatory implementation. This narrows down the TOE model by emphasising the imbalance of environmental pressures in weak institutional environments.

This study makes the framework applicable to non-normative contexts and adds to the arguments of adaptable models of technology adoption in developing economies because it empirically validated TOE under infrastructural restrictions, low levels of digital literacy, and non-traditional governance frameworks (Hossain et al., 2021; Queiroz and Wamba, 2019).

Digital Traceability as a Provenance of Transaction Cost Economics (TCE).
Another important contribution of the dissertation to the field of Transaction Cost Economics is its empirical validation of its main mechanisms on the basis of the digital traceability technologies. According to the classical TCE theory, transaction costs are due to information asymmetry, opportunism and monitoring problems especially in the complex supply chain (Williamson, 1985). In its turn, critics have claimed that TCE is usually not empirically informed in contemporary digital settings (Grover and Malhotra, 2003).

Notably, the study adds to TCE by revealing that formal contracts are not the only way to minimise transaction costs in developing settings, but digitally facilitated transparency and trust-based governmental systems. This hybrid form of governance contradicts the conventional dichotomy of market and hierarchy suggested by Williamson (1985) and reinforces newer arguments that digital technologies transform the transaction governance forms (Kamble et al., 2020).
B2B Agriculture Extension of commitment-trust theory
Another theoretical addition is that it applies the commitment-trust theory to the situation of B2B agricultural supply chains in Bangladesh. The original theory of commitment-Trust focuses on the idea that trust and commitment are the main mediators of long-term relationships success within the marketing channels (Morgan and Hunt, 1994). Nonetheless, the theory has not been empirically applied in the SMEs of the agricultural sector of developing economies.

The study extends the commitment trust theory into the scenes where there is low institutional trust by explaining digital traceability as an institutional replacement of weak formal enforcement mechanisms. This helps to gain a deeper insight into the processes of building and sustaining trust in the developing-market B2B relationships (Haque et al., 2022).
[bookmark: _Toc220875661]5.2 Contribution to Practice

In addition to theoretical value, the dissertation will provide a significant practical value to SME managers, supply-chain partners, and industry stakeholders who want to use digital transformation as a competitive advantage.
SME Managerial recommendations
RE1: First Investment in Basic Digital Infrastructure
Based on the findings of this study, only 56 percent of the SMEs are currently reporting a manual system of record-keeping and only 14 percent have the advanced traceability technologies. Therefore, the SMEs managers need to target the cheap digital solutions such as cloud-based inventory, barcodes tracking, and mobile data entry before investing in advanced technologies.
RE2: Strength Leadership and Organisation Preparedness
The outcome of the regression analysis demonstrates that the organisational TOE variables have very strong power on the decisions to make concerning adoption (0.49, p < 0.01). In order to reduce the resistance and increase the implementation success, the active promoters of the digital initiatives must become the owners of the SMEs, they must allocate certain time and educate their staff, and develop cultures conducive to learning.
RE3: Turn Buyer Pressure into a Strategy
As per the results of the interview, export oriented SMEs tend to utilise digital traceability faster due to the strong demand of the buyer. The strategic resources, particularly buyer expectations, are those that managers can utilise in making explanations about their decisions to invest and seek the help of their supply-chain partners.
RE4: Millennialism Daily Processes
The digital traceability that was integrated in the routine decision making of SMEs led to a reduced monitoring cost reported and a higher repeat order. Managers should not consider digital systems as an independent IT project but integrate it in the acquisition processes, quality management, and performance management.
Digital transformation Road maps
As the results suggest, the initial steps that SMEs should take are basic digital record system and barcode tracking, as 56% of them keep using manual ones. Then they should have systems that are integrated with buyers so as to share real time information. Blockchain among other novel tools can be deployed when organisations are prepared.
This type of facade adoption minimises risk, distributes investment expenses, and enables SMEs to create organisational preparedness over a time. This roadmap is associated with the best-practise suggestions on SME digitalisation in developing economies (OECD, 2021).
Buyer Supplier Collaboration Models
The results of general interviews and surveys show that the purchasers of the exports provide technical support and boost the adoption. To reduce the risk and improve implementation, the SMEs are hence advised to collaborate with buyers that share similar platforms and investment.
This supports the claim that digital transformation within agri-supply chains is a joint effort and it needs to coordinate incentives through the supply network (Queiroz and Wamba, 2019).
[bookmark: _Toc220875662]5.3 Strategic implications of SME Competitiveness

This study has a number of strategic implications on the vegetable packaging SMEs that practise under highly competitive and resource-bound conditions. First, digital traceability allows the SMEs to compete on transparency and reliability beside price alone. This will enable the SMEs to stand out in the export markets that are focused on compliance, traceability and credibility.

Second, progressing to digital traceability diminishes the power of buyers, since it makes the process of switching more expensive. The buyer-supplier relationships are more stable and less transactional when the traceability systems of the SMEs are integrated with buyer platforms. This makes the bargaining position of SMEs in B2B networks better.

Third, digital traceability should be implemented at an early stage to enable SMEs to become high-end and export-oriented suppliers. This type of positioning generates reputational benefits, eases access to high-value purchasers and enhances long-term competitive sustainability in the global agricultural value chains.
[bookmark: _Toc220875663]5.4 Policy Contributions

The policy implications of this study indicate that the government needs to intervene to deal with financial, infrastructural and ability-related hurdles to SMEs. The findings are associated with three policy priorities that are (1) financial incentives like subsidies and low-interest loans to take up digital traceability; (2) implementing national traceability standards to minimise uncertainty and create interoperability; and (3) digital skills training programmes to increase SME absorptive capacity.
These policy interventions would also play a large role in digitalizing agricultural SMEs and improving the global market competitiveness of export to Bangladesh.
[bookmark: _Toc220875664]5.5 Gap reflection on the Research

This part discusses the way the dissertation answers the research gap that was established in Chapter 2. Three main gaps were identified in the literature review such as a lack of empirical research on digital traceability uptake in B2B agricultural SMEs in the developing world; inadequate synthesis of theoretical approaches that apply technological, economic, and relational theories; and lack of context-relevant insights on Bangladesh.

To begin with, the paper is an empirical contribution to the understanding of digital traceability adoption in the Bangladeshi vegetable packaging industry. Current research has been mostly limited to the developed economy or large multinational companies, and the SME-dominant developing environment has remained under researched (Haque et al., 2022). The mixed-methods approach of the dissertation allows ensuring the quantitative generalisability and a deeper qualitative focus, which will bring a more detailed insight into the dynamics of adoption within the contexts of resource shortages.

Second, the research has bridged the gap in the literature because it incorporates Theory-Organisation-Environment (TOE) framework with Transaction Cost Economics (TCE) and the Commitment-Trust Theory into one conceptual framework. These frameworks have also been studied in isolation by previous researchers, making their explanatory power limited. This dissertation shows the interaction of technological readiness, organisational capability and environmental pressure (TOE) with transaction cost mechanism (TCE) and relational outcome that include trust and long-term commitment (Commitment–Trust Theory). 
This dissertation gives substantial arguments that digital traceability reinforces trust and long-term connections, which further extends the Introduction of the Intended Digital Agriculture in Bangladesh to the area of the Commitment-Trust Theory. Through this, the study addresses the direct appeal in the literature for agri-food supply chains research to be more context-sensitive, theory-based, and methodological (Queiroz and Wamba, 2019; Ali et al., 2023).

[bookmark: _Toc220875665]5.6 Chapter Summary

The chapter has also explained how the study findings relate to the existing theory, practise, and policy. The policy contributions indicate the importance of government intervention in dealing with the cost, capability, and institutional barriers to digital traceability uptake by the agricultural SMEs. The analysis also shows that the introduction of digital traceability has the potential to greatly contribute to the export competitiveness through the increase of trust, minimization of transaction cost, and market differentiation.

The reflection on the gap in the research confirms that this dissertation is a significant contribution to the body of knowledge in terms of offering empirical evidence to a context that has undergone insufficient research, incorporating various theoretical perspectives, and applying the already existing theories to developments-country agricultural supply chains. These contributions make the strategic value of digital transformation in enhancing B2B relationships, enhancing supply chain visibility, and sustainable agricultural development in Bangladesh.
















[bookmark: _Toc220875666][bookmark: _GoBack]                                     CHAPTER 6: CONCLUSION

This is a concluding chapter that summarises the general findings of the dissertation and makes a reflection of their theoretical, practical and policy implications. The main objective of the study was to investigate the influence of digital transformation (i.e. digital traceability technologies, including blockchain-based systems, QR codes tracking, and digital record-keeping) on trust, transparency and transaction costs in the B2B agricultural supply chain of vegetable-packaging companies in Bangladesh. Through this, the study aimed at filling a major literature gap with respect to digital traceability adoption in small and medium-sized enterprises (SMEs) in the developing economies.

Three research questions were used to guide the study. The first one explored the impact of digital traceability on B2B trust and longer-term relationships. Second, it investigated technological, organisational, and environmental obstacles that curtail the use of digital traceability by vegetable packaging SMEs. Third, it examined the ways in which digital transformation frameworks could be constructed to maximise transparency and minimise the costs of transactions in B2B agricultural supply chains. Through the mixed-method research design based on Technology-Organisation-Environment (TOE) framework, the Transaction Cost Economics (TCE) framework, and the Commitment-Trust Theory, the study produced strong empirical data that combines technological, economic and relational approaches.

[bookmark: _Toc220875667]6.1 Summary of Key Findings

This part shows the main results in regard to the research questions.
Research Question 1: How does the digital traceability impact long-term relationships and trust in B2B?
According to the results of this study, digital traceability affects the trust and long-term B2B relationships significantly in a positive way. The outcomes of regression indicate that there is a significant and positive correlation between digital traceability and trust (= 0.52, p = 0.01). Moreover, 64 percent of surveyed SMEs indicated that they have gained more trust since they have adopted digital systems. 

The participants of the interview also attested the fact that the presence of real-time digital records enhanced the confidence of buyers and lessened controversy. The results are aligned with the Commitment–Trust Theory stating that trust reinforces long-term relationships in business of both parties (Morgan and Hunt, 1994), and are in line with the recent empirical research on agri-supply chains digital traceability (Kamble et al., 2020; Ali et al., 2023).
Research Question 2: Which are the major barriers to the implementation of digital traceability in SMEs within the vegetable packaging industry?
The research found that there were several barriers to adoption, which were organised into the TOE framework. Technological obstacles consisted of poor digital infrastructure, high cost of implementation and low IT literacy of the SME employees. Organisational barriers have been related to inadequate financial resources, uncommitted leaders, and change resistance. Environmental threats were poor enforcement of regulations, lack of government support, and doubt on the demands of buyers.

These results emphasise the fact that the issue of adoption is not simply technological. Although SMEs are aware of the advantages of using digital traceability, institutional weaknesses and limited resources are major limiting factor (Hossain et al., 2021; Queiroz and Wamba, 2019).

Research Question 3: What are the ways of designing digital transformation frameworks to enhance transparency and lower transaction costs in B2B supply chains?
The researchers discovered that digital traceability lowers the transaction costs on the form of monitoring, coordination, and enforcement costs. Digital records help to limit the necessity of manual verifications, minimise the number of arguments, and speed up the decision-making process. The adoption of digital traceability was revealed to be significantly associated with the decrease in transaction cost, which was determined by quantitative analysis in line with TCE predictions (Williamson, 1985).

Moreover, the combined TOE-TCE-Commitment-Trust framework as has been created in this paper illustrates the interaction between the drivers of adoption, cost-related mechanisms, and the final relational performance. 
[bookmark: _Toc220875668]6.2 Theoretical Contributions

This paper has three theoretical contributions to make. To start with, it will be the first among the studies to offer empirical support on digital traceability adoption by agricultural SMEs in Bangladesh. Second, it incorporates TOE, TCE and Commitment-Trust theories into a single theory. Third, it proves the impact of digital traceability on the adoption behaviour, efficiency of transaction costs, and development of relationship based on trust within B2B supply chains simultaneously.
[bookmark: _Toc220875669]6.3 Practical Implications

This study has serious practical implications to SME managers and B2B buyers in agricultural supply chain.

In the case of SMEs, the research shows the significance of focusing on organisational preparedness. This incorporates leadership dedication, staff training and progressive deployment of digital tools in accordance with business requirements. Digital traceability should be a gradual process taken by SMEs, with initial cheap solutions like QR codes before moving on to more expensive systems.

SMEs must also aim at developing digital capabilities and ensuring the creation of a culture of innovation. The cooperation with technology providers and industry associations will cut costs and risks of implementation. Notably, SMEs must not perceive digital traceability as a liability to be met, but as a trust-building charge and long-term competitive advantage (Kamble et al., 2020).

[bookmark: _Toc220875670]6.4 Policy Implications

The results of this paper create a number of policy implications to the establishment of digital agriculture in Bangladesh with special reference to enhancing traceability, transparency, and trust in the B2B agricultural supply chains. Since vegetable packaging SMEs fulfil a very important intermediary role in farmers and export-oriented customers, specific policy interventions are needed in order to speed up the process of digitalization and accelerate the process of gaining international competitiveness.

Development strategies of digital agriculture
One of the policy implications is that there should be a consistent national approach to digital agriculture that clearly incorporates digital traceability systems into the agricultural value chains. Although Bangladesh has launched a number of digitalisation initiatives, they are usually not aligned with the sector requirements in transparency of supply chain and compliance with export (World Bank, 2019). 
Infrastructure Improvement
One of the absolute requirements of the successful adoption of digital traceability is the development of infrastructure. The results of this research point out that insufficient internet access, poor power supply, and a lack of access to cheap digital access tools are major limiting factors to the ability of SMEs to engage in digital supply chains. 
SME Training and Capacity-Building Programmes.
The other significant policy implication is the establishment of special SME training programmes. The researchers observed that traceability adoption is not supported by the lack of digital literacy and managerial ability in spite of the existence of technologies. This is an indication that the policies focusing on technology are not enough without investments on human capital development to accompany.

Notably, training programmes must also focus on more than just technical expertise, and also on strategic knowledge of how digital traceability can positively impact on establishing trust, reducing costs, and long-term competitiveness (Kamble et al., 2020).

[bookmark: _Toc220875671]6.5 Limitations

This study has been limited in a number of ways, although its theoretical and practical contributions are valuable, they should be taken into consideration when interpreting the findings.
Sample Size
One of the limitations is based on the size of the sample considered in the quantitative part of the study. Although the respondent pool was adequate in the exploratory analysis of statistical data, a bigger sample would have increased the validity and generalisability of the results. The nature of data collection was also constrained by resource limitations and problems of access, as is typical of small-scale enterprises-based research in developing settings (Saunders et al., 2019).
Geographic Focus
The paper targets vegetable packaging SMEs in Bangladesh only. Although this context can offer important information on the phenomenon of digital traceability adoption in a developing economy, the results might not be directly applicable in other countries or in other spheres of agriculture. Regions can be quite different in terms of institutional structures, regulatory conditions and market dynamics that can affect the results of adoption.
Limitations of the Self-Reported Data
One limitation of this study is the reliance on self-reported data, particularly in the survey responses. It is possible that some respondents may have exaggerated the degree of their digital readiness or the advantages of the digital traceability. Indicatively, in the interviewing process, some owners of SMEs had minimal technical knowledge even though they claimed high adoption in the survey. Although triangulation with qualitative data was used to reduce this issue, some level of response bias may still remain (Creswell and Plano Clark, 2018).
Access Issues
The other limitation is associated with access limitations. Some of the SMEs declined to take part because of time constraints and privacy issues. Due to this fact, the sample might not be a complete representation of all vegetable packaging SMEs in Bangladesh, especially the smaller and less digitally integrated of them.

[bookmark: _Toc220875672]6.6 Future Research Directions

Based on the above limitations, the current study creates a number of research gaps that can be explored in future studies.
Longitudinal Studies
The future studies are recommended to consider the longitudinal designs that can study the effect of adoption of digital traceability over time. Longitudinal studies would offer a better understanding of the sustainability of adoption, dynamics change of trust, and the implication of the long-term transaction costs. These methods would similarly enable researchers to evaluate the long-lasting effects of early adoption, which may either be positive or negative as technologies continue maturing.
Multi-nation Cross-Comparisons
The external validity of the findings would be improved with comparative studies based on various developing and emerging economies. Future studies can find out the contextual conditions that help adoption by comparing Bangladesh to countries with better systems of digital agriculture. This would help in the development of TOE and the framework of TCE within cross-country context (Queiroz and Wamba, 2019).
Online Traceability ROI Measurement.
The other potential research direction is the measurement of the return on investment (ROI) relating to the digital traceability adoption. Although this paper has shown qualitative and perceptual advantages, the future research should then measure financial performance in terms of cost reduction, expansion of revenues and achievement of export premiums. Research in the form of ROI would be more of a business case to adopt and give a better direction to SME decision-makers.

[bookmark: _Toc220875673]6.7 Closing Summary

To sum up, digital transformation and traceability have emerged as pivotal elements in the reinforcement of the agricultural supply chain in Bangladesh, as highlighted in this dissertation. The results also show that digital traceability increases transparency, lowers transaction costs, and fosters trust in B2B relationships, which help to overcome the long-standing problems of inefficiency in the agricultural system of the past.

Policy-wise, the research indicates that there is a need to have combined digital agricultural policies, infrastructure, and SME capacity-building programmes. Nevertheless, despite existing problems, especially when it comes to resource limitations and institutional enablement, digital traceability is a viable avenue to more resilient, transparent, and competitive agricultural supply chains.

With the world food systems turning more and more data-driven and compliance-oriented, the capacity of Bangladeshi agricultural SMEs to utilise and make use of digital technologies will be the determining factor of the long-term sustainability of the institution. Digital transformation can be used to transform the chain of agricultural supply in Bangladesh by converging policy, practice, and research to increase trust, inclusivity, and value creation.
As an MBA, what makes this research significant is that it proves that digital traceability is not the investment in technology only, but the competitiveness and relationship management strategic tool. Going back to SME managers, their results indicate that cheap digital tools like QR codes may greatly improve the level of buyer trust, decrease the number of disputes and increase the potential long-term stability of the contract. To policymakers, the study reveals the necessity to have digital support policy specifics, since the adoption of digital traceability can enhance national credibility in export, minimise inefficiencies in the supply chain, and contribute towards sustainable agricultural growth in Bangladesh.
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Appendix A: Interview Guide (Semi-Structured and Response Options)
Purpose:
In this semi-structured interview guide, the researcher aimed at uncovering the understanding of digital transformation, digital traceability, and the development of trust among Bangladeshi vegetable packaging SMEs. The questions are consistent with the Technology-Organisation-Environment (TOE) framework, Transaction Cost Economics (TCE), and the Commitment-Trust Theory as they are consistent with Chapter 2, 3 and 4.
A: 1 Technology context (TOE Framework)
Q1. How much has your company embraced the use of digital tools in its operations and packaging process?
☐ Very high adoption
☐ High adoption
☐ Low adoption
☐ No adoption
(Probe: What tools are presently in use in particular?)
Q2. Which kinds of traceability systems do you have now in your firm?
☐ Manual record-keeping
☐ QR or barcode systems
☐ RFID / IoT-based systems
☐ Blockchain-based systems
☐ No traceability system
(Probe: What was the reason behind why this system was selected?)
Q3. Does your organisation have proper digital infrastructure to facilitate digital transformation?
☐ Sufficient infrastructure
☐ Limited infrastructure
☐ No infrastructure
(Probe: Internet connexion, software, hardware)
Q4. What is the effectiveness of your firm in using digital medium to coordinate with suppliers and logistics partners?
☐ Effective integration
☐ Partial integration
☐ No digital integration
A2: Organisational Context (TOE Framework).
Q5. To what extent does the top management support digital transformation efforts?
☐ Highly supportive
☐ Moderately supportive
☐ Slightly supportive
☐ Not supportive
(Probe: Budget allocation, strategic priority)
Q6. Does your organisation offer employees ICT or digital skills training?
☐ Training programmes at regular periods.
☐ Occasional training
☐ No training provided
Q7. What is the key organisational issue with the implementation of digital traceability systems?
☐ High implementation cost
☐ Lack of skilled employees
☐ Resistance to change
☐ Commitment of management.
☐ Infrastructure constraints.
A3: Environmental Context (TOE Framework)
Q8. Do you know of national or international traceability requirements in reference to your business operations or exports?
☐ Fully aware
☐ Somewhat aware
☐ Not aware
Q9. What are the external factors that would shape your firm towards digital traceability?
☐ Buyer requirements
☐ Export compliance regulations.
☐ Competitive pressure
☐ Government governmental digital programmes.
☐ No external pressure
Q10. Does your company engage in any digital or traceability programmes led by the government?
☐ Actively participating
☐ Aware but not participating
☐ Unaware of such initiatives.
A4: Economics in the Presence of Costs
Q11. Do you think adoption of digital technology has enhanced operational efficiency in your firm?
☐ Significant improvement
☐ Moderate improvement
☐ No improvement
(Probe: Coordination, monitoring, reduction of paperwork)
Q12. Have post-harvest losses or product wastage been minimised by use of digital monitoring tools?
☐ Yes
☐ No
☐ Not sure
A5: Trust and Relationship Quality (Commitment -Trust Theory)
Q13. What impact has digital traceability had on the trust among the buyers and business partners?
☐ Trust was greatly enhanced.
☐ Trust moderately improved
☐ No change in trust
☐ Trust declined
Q14. What is the primary trust related advantage of digital traceability?
☐ Increased transparency
☐ Reduced disputes
☐ Improved credibility
☐ Faster problem resolution
Q15. Do you think that digital traceability enhances the long-term B2B relationships?
☐ Strongly agree
☐ Agree
☐ Neutral
☐ Disagree
(Probe: Does technology complement and/or replace personal relationships?)

The questions in the interview will be similar to the survey tool (Appendix B) to provide an opportunity of mixed-methods triangulation that will support the quantitative results in Chapter 4 (Figures 2 - 12).

Appendix B: Survey Questionnaire (Final Likert Scale + Coding)
Purpose:
The questionnaire will assess the extent of digital transformation, adoption of digital traceability, reduction of transaction costs and development of trust by the vegetable packaging SMEs in Bangladesh. The tool correlates with the TOE framework, Transaction Cost Economics (TCE), and the Commitment & Trust Theory.
Section B1: Firm Profile
B1. Perceived Impact of Digital Traceability on Trust
[bookmark: _Hlk220811049]☐ Strongly agree
☐ Agree
☐ Neutral
☐ Disagree
☐ Strongly disagree
B2. Export involvement
☐ Export-oriented
☐ Domestic only
B2: Digital Readiness and Adoption (TOE Technology and Organisation).
Opposing each other: (1= Strongly Disagree: 2= Strongly Agree)
	Code
	Statement

	DR1
	Our firm has adequate internet and digital infrastructure.

	DR2
	Employees have sufficient digital skills to use digital systems.

	DR3
	Management actively supports digital transformation initiatives.

	DR4
	Digital tools are integrated into daily operations and packaging.

	DR5
	Our firm is prepared to invest further in digital technologies.



Section B3: Digital Traceability Adoption

	Code
	Statement

	DT1
	Our firm uses digital tools to track product movement.

	DT2
	Traceability data is recorded accurately and consistently.

	DT3
	Buyers can easily access traceability information.

	DT4
	Digital traceability improves compliance with export regulations.



Section B4: Environmental Pressure (TOE – Environment)

	Code
	Statement

	EP1
	Buyer requirements influence our digital adoption decisions.

	EP2
	Export regulations encourage traceability adoption.

	EP3
	Competitive pressure pushes our firm towards digitalisation.

	EP4
	Government initiatives support digital transformation.



Section B5: Transaction Cost Reduction (TCE)

	Code
	Statement

	TC1
	Digital tools reduce monitoring costs in supply chain activities.

	TC2
	Digital traceability lowers information search costs.

	TC3
	Coordination with buyers and suppliers has become faster.

	TC4
	Disputes related to product quality have decreased.



Section B6: Trust & Relationship Quality (Commitment–Trust Theory)

	Code
	Statement

	TR1
	Digital traceability increases trust with buyers.

	TR2
	Buyers perceive our firm as more reliable due to transparency.

	TR3
	Digital records reduce uncertainty in transactions.

	TR4
	Trust encourages long-term business relationships.



Section B7: Intention to Continue Digital Adoption

	Code
	Statement

	IA1
	Our firm intends to expand digital traceability usage.

	IA2
	Digital transformation is essential for future competitiveness.



Scale Coding (Important for SPSS / Smart PLS)

	Response
	Code

	Strongly Disagree
	1

	Disagree
	2

	Neutral
	3

	Agree
	4

	Strongly Agree
	5



Appendix C: Ethical Approval Documents 
C1: Sheet of Participant Information.
The participants were notified about:
•	Purpose of the research
•	Voluntary participation
•	Anonymity and confidentiality.
•	The right of stage withdrawal.
C2: Consent Form
•	The respondents validated that:
•	They knew the objectives of the research.
•	They would only use their information at an academic level.
•	No personal or firm identifiable data would be disclosed.
Appendix D - Coding Frameworks (Qualitative Analysis).
Purpose:
The appendix records the qualitative data analysis process employed in the study showing how data in the interviews were coded and analysed. The coding framework is consistent with Technology-Organisation-Environment (TOE) framework, Transaction Cost Economics (TCE), and Commitment-Trust Theory, which makes it consistent with Chapters 3 and 4.
D1: General Analysis of the Coding Process.
Thematic analysis method was used in the analysis of qualitative data collected through 12-15 semi-structured interviews according to the six-phase method developed by Braun and Clarke (2006). Several readings of interview transcripts were done in order to familiarise with it then systematically coded and developed themes. NVivo software was employed to increase the consistency and transparency of the coding.
Six phases applied:
· Data familiarisation
· Initial code generation
· Searching for themes
· Reviewing themes
· Defining and naming themes
· Preparation of the report (Chapter 4)

Initial Coding Themes
•	Digital readiness
•	Adoption barriers
•	Cost reduction
•	Trust development
•	Environmental pressure
D2: Thematic Mapping
Themes were clustered under:
•	TOE dimensions
•	TCE outcomes
•	Impacts of commitment -Trust relations.
D3: Sample Extract
Infrastructure is an issue as the requirements of the buyers made us adopt the use of QR codes.
D4: Coding Framework to Chapter 4 Findings.
Themes identified during the qualitative analysis were the direct source of the structure of Chapter 4.2 (Qualitative Findings). All themes are linked to definite analytical parts:
· Technology Readiness → The barrier is Infrastructure and cost.
· Organisational Capability → Skills shortages and Leadership.
· Pressure on the environment → Buyer and regulatory pressure.
· Reduction of transaction costs leads to efficiency and gains in coordination.
· Relationship Quality and Trust → Transparency and Long-term Relationships.
This coincidence is a reinforcement of the triangulation of the mixed-method described in Chapter 4.4.
Appendix E: SPSS Result (Quantitative Analysis)
E1: Reliability Statistics
•	Each of the constructs met the acceptable alpha value (0.70 and higher) which is a measure of internal consistency.
E2: Descriptive Statistics
•	Adoption levels → Figure 3
•	Trust levels → Figure 6
•	Efficiency outcomes → Figure 5
E3: Inferential Outputs
•	Digital transformation leads to Efficiency (Figure 7)
•	Traces to Trust (Figures 8 and 12).
Planning, assessment of the present state, development of alternatives, choice of an appropriate alternative, implementation of the chosen alternative, and evaluation of the chosen alternative thereafter are some of the major processes (Hill, 2006).
Appendix F: Conceptual Framework (Final Model)
F1. Intended Use of the Conceptual Framework.
This conceptual framework combines three theoretical perspectives namely Technological-Organisation-Environment (TOE) Framework, Transaction Cost Economics (TCE) and Commitment-Trust Theory and explains the digital traceability adoption and its effect on trust and supply chain performance among vegetable packaging SMEs in Bangladesh.
The theory explains in detail:
· The rationales of digital traceability in SMEs,
· How online traceability lowers the cost of transactions, and
· The ways of building trust in B2B relationships.
It was also used in the design of the research (Chapter 3) and the empirical analysis (Chapter 4).
F2. Theoretical Foundations that are incorporated in the Framework.
F.2.1 TOE Framework (Adoption Drivers)
The TOE framework establishes the organisational adoption choices in three contextual dimensions:
Technological Context
The digital preparedness, availability of infrastructure, perceived utility, and compatibility of the systems determines SMEs to embrace digital traceability systems.
Organisational Context
Implementation capability depends on leadership support, awareness of the managers, employee skills and financial capability.
Environmental Context
The external forces of adoption are buyer requirements, export compliance, regulatory pressure and competitive forces.
These constructs have a direct impact on Digital Traceability Adoption in the framework.
Within the scope of the mentioned project, the cost of integrating the components into the project might shift as well.
The cost of integration of the components into the project can also change within the framework of the said project.
F.2.2 Economics of Transactions (Mechanism of Efficiency)
According to TCE, the reduction is anticipated in the form of digital traceability:
· Information asymmetry
· monitoring and verification expenses
· Coordination and implementation costs.
The adoption of digital traceability results in a reduction of the transaction costs, which enhances operational efficiencies.
F3. Framework Relationships Exploration 
F3.1 TOE- TOE Digital Traceability Adoption.
SMEs that are more digital ready, have stronger leadership support and have more exposure to buyer and regulatory pressure have higher chances of adopting digital traceability system.
F3.2 Digital Traceability to Reduction of Transaction Cost.
Digital traceability systems would decrease the use of manual records, reduce conflicts, and enhance efficiency of monitoring, which would reduce the costs of transactions.
F3.3 Digital traceability – Trust
Open and honest product data enhances the trust of buyers and credibility of suppliers, reinforcing trust in B2B relationships.
F3.4 Trust- Long-Term Relationships.
When trust is greater, commitment grows, repeat transactions and the desire to enter into long-term relationships are enhanced.
Accepted by the Commitment-Trust Theory.
F4. Value Addition of the Conceptual Framework.
This model is helpful to the literature because:
· TOE has been extended with relational (trust) and economical (transaction cost) outcomes.
· Placing digital traceability implementation in agricultural SMEs of developing countries into context,
· Giving a viable roadmap that should be offered to policy-makers and B2B customers to promote the digital transformation of SMEs.

Appendix-02: Respondent Link


Appendix-03: Participant Consent Form
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	Participant Identification Number:
	2427479

	PARTICIPATION CONSENT FORM
(for researcher to fill)

	Project Title: "Digital Transformation and Traceability in the B2B Agricultural Supply Chain: A Study of Vegetable Packaging Firms in Bangladesh."

	Name of Researcher: Rakibul Islam
	Name of Supervisor: Ebad Banissi

	Email of Researcher: rakibul99411@gmail.com

	Aim of Research: The main aim of the research is to investigate the impact of digital transformation, namely, digital traceability solutions, namely blockchain tools, QR code traceability, and IoT-enabled tracking, on the issue of trust, transparency, and transaction costs in the B2B agricultural supply chain of vegetable packaging companies in Bangladesh.









	(for participant to fill)
	YES
	NO

	1
	I confirm that I have read and understood the information sheet dated _________ for the above study. 
	✓
	

	2
	I understand there are no material benefits for participating.
	✓
	

	2
	I have had the opportunity to consider the information, ask questions and have had these answered satisfactorily.
	✓
	

	3
	I understand that my participation is voluntary and that I am free to withdraw at any time, without giving any reason.
	✓
	

	4
	I understand that any information given by me may be used in future reports, articles or presentations by the researcher.
	✓
	

	5
	I consent for my name and title to be used within this study.
	✓
	

	
	Where applicable, I understand that my details will not be anonymous.
	
	✓

	6
	I agree to be recorded (audio and/or audio-visual video).
	
	✓

	7
	I agree to take part in the above study.
	✓
	

	Researcher’s Name (Print)
	Rakibul Islam
	Signature
	
	Date
	30/11/2025

	Participant’s Name (Print)

	
	Signature
	
	Date
	

	You may decline to participate in this study. You may end your participation in this study at any time. All data generated from this or any interview will remain confidential. For more information, please view the university’s Research and Data Management Policy.

When completed please email a copy to the below address to be kept on the file of the researcher and retain a copy for yourself.

Subject Title: [Rakibul Islam] – Participant Consent Form
Email: rakibul99411@gmail.com




Appendix-04 : Participant Information Sheet
University of Wales Trinity Saint David (London Campus)
Winchester House, 11 Cranmer Rd, 
London SW9 6EJ
Tel: 020 7127 7400
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	Participant Identification Number:
	2427479

	
PARTICIPANT INFORMATION SHEET


	Project Title: "Digital Transformation and Traceability in the B2B Agricultural Supply Chain: A Study of Vegetable Packaging Firms in Bangladesh."


	Name of Researcher: Rakibul Islam
	Name of Supervisor: Ebad Banissi



Dear Sir/Madam, 

My name is Rakibul Islam and I am a post-graduate student in the University of Wales Trinity Saint David, United Kingdom (London campus). Currently, I am conducting research entitled Master of Business Administration. 
	The purpose of this research is to: 

	This study aims at exploring the role digital transformation and traceability systems are playing in transforming the B2B agricultural supply chain, as far as the vegetable packaging companies in Bangladesh are concerned. Digital technologies are important in enhancing efficiency, transparency, and sustainability in the operations of the supply chain in an increasingly globalised market. The aim of this study is to comprehend how much Bangladeshi firms have adopted the digital world, which problems they need to address, and what advantages are possible when integrating traceability. This study will focus on the impact of digital tools (ERP systems, blockchain, and RFID technologies) on supply chain performance to bring meaningful insights into the use of digital innovation to boost competitiveness and trust in agricultural trading. Moreover, the paper examines how B2B relationships help in the digital adoption process and identifies ways to enhance traceability practises. Finally, this study aims at making both scholarly and practical contribution to the field of academic knowledge as well as policy formulation by suggesting effective solutions that will help the agricultural packaging sector in Bangladesh to go digital in a sustainable way.



I would like to invite you to participate in my research project by [indicate what activity you want them to do]. 

Please complete the accompanying consent form. I will [take notes/record audio/record visual-audio] during the interview with your permission.

Please note that the [questionnaire/interview/activity] should not take more than [give timing guidance] to complete but, there is no time constraint. Your participation in the [questionnaire/interview/activity] will be voluntary. You will not receive any remuneration or reward from the researcher. As a participant, you may decide to stop the [questionnaire/interview/activity] at any point of time without any explanation and/or reason. 

All data generated from this or any interview will remain confidential. For more information, please view the university’s Research and Data Management Policy. 

I thank you in advance for your time and participation. If any questions do arise, feel free to contact me at your convenience. 

	Name of Researcher: Rakibul Islam
	Signature of Researcher: Rakibul Islam

	Email of Researcher: rakibul99411@gmail.com


 










Frequency	
Strongly Agree	Agree	Neutral	Disagree	Strongly Disagree	0.44	0.36	0.12	0.06	0.02	

percentage	
High	Low	Moderate	0.2	0.36	0.44	

percentage	
Mannual Records	QR/Bar code systems	RFID/IoT solutions	0.56000000000000005	0.3	0.14000000000000001	

percentage	
Low Efficiency	Moderate Efficiency	High Efficiency	0.24	0.5	0.3	

percentage	
Low trust	Moderate trust	High trust	0.2	0.44	0.36	

percentage	
Improved efficiency	No significant change	0.6	0.4	

percentage	
Trust improved	Trust unchanged	0.64	0.36	

percentage	
Buyer requirement	Export compliance	Competitive pressure	0.4	0.34	0.26	

percentage	
Transparency	Reduced disputes	Efficiency improvement	0.42	0.32	0.26	

percentage	
High cost	Skill gap	Infrastructure limitations	0.38	0.34	0.22	

percentage	
High impact	Moderate impact	0.7	0.3	
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