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This research looks at the components influencing the application of Big Data Analytics (BDA) in slightly lower and mid-size businesses (SEMs) in Bangladesh, utilizing the Technology Organization Environment (TOE) concept. The research explores how relative benefit, high administration assistance, company readiness, and competitive pressure components affect BDA application, with an attention to the mediating outcome of organizational preparedness. A quantitative survey was conducted among SMEs, and data from 100 valid surveyed answer were evaluated utilizing Partial Least Square-Structural Equational Modeling (PLS-SEM). The outcomes illustrate that relative advantage and top management support significantly impact BDA adoption, both directly and indirectly through organizational readiness. However, competitive pressure was found to have no meaningful influence. The findings highlight the relevance of within administrative elements, particularly authority and readiness, over external forces in achieving successful BDA implementation. This report offers valuable insights for SEMs to enhance their competitiveness and sustainability through effective adoption strategies.
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[bookmark: _Toc185930381]Chapter 1: Introduction

During the rapidly expending period of the fourth industrial revolution, growing exponentially, information has a tremendous influence on obtaining new information, simulating corporate origination, and gaining a competitive lead. As a consequence of technical advancement, especially in information technology as well as computer science, the use of BDA with specified expertise, attributes, and norms has increased fast in individual context. BDA with its data mining methodologies, contributes to the referred to as intellect of all anywhere by enabling immediate, active, resilient, and accurate management abilities (Nasrollahi et al., 2021). 

BDA stands out among the many technologies used by companies striving for a dominant market position. According to the basic definition, BDA is a significant technology that support management decision-making by providing, a collection of subject-oriented data with information from a specific time period (Gonzales et al., 2015). The International Data Corporation ((IDC), 2023), projects that the worldwide BDA sector will rise at an regular yearly rate of 157.2 until 2026 from its 2020 valuation of USD 66.2 billion. A large number of enterprise think that BDA has great potential and that its implementation is crucial (Staegemann et al., 2021; Wahab et al., 2021).Many studies have shown that not all companies are using BDA despite the potential advantages of doing so. Choi et al. (Choi et al., 2022), for instance, noted that there is a dubious belief that 80% of firms would not be able to use BDA if they go forward without having well-defined strategic objectives. Recently, BDA adoption has been quite low in most firms (Nam et al., 2019). After the first adoption phase, many firms have not attained integrated usage (Choi et al., 2022). Only a small percentage of firms have used BDA and achieved the desired results, despite the fact that it is becoming more and more popular as a way to  make a difference via the creation of new business sectors and business optimization (Al-Sai et al., 2020; Almaiah & Nasereddin, 2020). 

Big data analytics adoption generates various benefits for organizations, improving their overall IT infrastructure, increasing storage capacity, and providing digital-based solutions to cut costs and enhance judgement-making ways (Baig et al., 2021). Big data analytics is quickly turning into essential resource to improve business efficiency, especially in developing countries' healthcare organizations. Big data deployment is impact via technology, organization, and environmental variables, with an emphasis on the Technology-Organization-Environment (TOE) framework (Ghaleb et al., 2021).

The TOE substructure’s variables are prejudiced as well as resolute through the technology category, the company’s scale, and the background of the paper (Al-Sai et al., 2020; Alharbi et al., 2016; Sun et al., 2020). Despite there are extensive existing studies on the effect of TOE variables on the uptake of technologies/innovations (Althunibat et al., 2021; Lutfi et al., 2020), the findings are inapplicable and ungeneralizable to the BDA adoption of SMEs. Empirical studies from the literature on technology adoption indicated that many TOE parameters influence the adoption of several technologies (Gangwar et al., 2014). For instance, whereas a relative benefits was discovered by (Sun et al., 2020; Wahab et al., 2021) to be a substantial IT/IS invention acceptance motivator, Lutfi et al. (Idris & Mohamad, 2017) and Yoon and George (Yoon & George, 2013) proved its irrelevant impact upon the acceptance of IT-related invention. Furthermore, the TOE parameters’ effect varies according to company dimensions, plenty data demonstrate the inappropriateness of big companies’ consequences to smaller-scale firms (e.g., SMEs) (Arias-Aranda et al., 2011). In addition, unique distinction in layout, availability of resource, surrounding, and technological frameworks of big-scale company and SMEs effect the TOE components’ effect on the choice to accept technology (Maroufkhani et al., 2019). According to Alharbi et al. (Alharbi et al., 2016), numerous environmental circumstances and nation necessities are primary elements regarding the area where the impact of TOE variables may be faced within companies’ preference for technology. Consequently, in order to illuminate the variables that have prejudiced the acceptance of BDA by SMEs, a novel model is necessary (Al-Sai et al., 2020).

Clearly, there is a need to analyze and comprehend BDA adoption motivations because it is a new issue with little empirical data; hence, systematic understanding in the domain is essential (Al-Sai et al., 2020). on a parallel investigation, following a thorough literature analysis, Al-Sai et al. (Al-Sai et al., 2020) discovered two primary research gaps, one of which is the few investigation of BDA and their overall theoretical character, which demands for new evidence-based studies to supplement the publication. Another study unanswered question is the most studies focus on wealthy nations in the continents of American continent and Europe (Frizzo-Barker et al., 2016), with just a handful discussing  BDA difficulties in evolving Middle Eastern countries (Al-Hujran et al., 2015; Hashem et al., 2016). However, it is sufficient and noteworthy to emphasize that some writers have underlined the necessity to investigate BDA in various situation (Agrawal et al., 2015; Sun et al., 2018; Wahab et al., 2021), notably for underdeveloped country, in order to enhance the existing literature (Choi et al., 2022; Nam et al., 2019).





[bookmark: _Toc185930382]Chapter 2: Literature Review

Big Data Analysis (BDA) is a relatively new yet very effective method for companies to glean useful information from massive data set. While BDA has been widely used by major organizations, it has been slow to catch on among SMEs in developing nations like Bangladesh. Among order to encourage its broad use and capitalize on its advantages, policymakers and practitioners must have an in-depth Knowledge of the variables impacting BDA implementation among SMEs in Bangladesh. With a particular emphasis on small and medium-sized business (SMEs) in Bangladesh, this literature review intends to explore the current research on BDA adoption. This review seeks to provide a comprehensive understanding of the elements impacting BDA adoption in this sector by analyzing the main criteria that determine its adoption as well as the difficulties and potential benefits of implementing it. What follows is an examination of research on BDA’s effects on organizational performance, obstacles to adoption (both technical and otherwise), and methods for overcoming these obstacles so that small and medium-sized business in Bangladesh can successfully implement BDA.

There is various research on the application of BDA in SMEs. For instance, (Ghaleb et al., 2021) analysis focuses on big data adoption in healthcare and used TOE framework also employs the Technological Readiness Index (TRI) for analysis. Their study results classified that complexity of technology factors showed less support for adoption, government IT policies significantly impact big data preparedness. 

On the other side (Raguseo & Vitari, 2018) explores big data’s corporate value creations and examines financial outcomes impact from big data analysis. There results revealed customer satisfaction significantly influence financial performance more than market performance. Market performance does not mediate financial performance effectively. Similarly, (Sun et al., 2018) have studied factor affecting big data adoption and identified 26 factors through content analysis. They believe that managerial support is vital for successful big data acceptance. Security, privacy, and ethical issues are increasingly important factors. 

In India (Mangla et al., 2021) investigate big data analytics mediating role in project efficiency, they collected 321 response and analyzed using structured equational modeling. There findings indicate big data analysis positively influences project success. (Nasrollahi et al., 2021) have studied BDA influence on the performance of SMEs in Iran organization. There result shows how evolving countries might use BDA components to improve their organizational effectiveness. Furthermore, there studies found 12 characteristics affecting big data adoption in SMEs, also impacts operational and economical success. A new research report published by (Maroufkhani et al., 2020) investigate the essential determinants for BDA adoption and its influence on Iran SMEs productivity. They discovered seven characteristics, notably observability, trialability, high administrative backing, vagueness and unease, sophistication, outside support, and organizational preparedness having a significant impact on Iran SMEs. They found that performance would increase by adopting BDA. In Malaysia, (Loh & Teoh, 2021) aimed at analyzing BDA implementation during COVID-19 widespread to help SMEs business improve their efficiency and surviving the condition. They examined technological aspects influencing BDA adoption in Malaysian SMEs and conclude that relative advantage positively promotes BDA adoption.

 (Wamba et al., 2020) The adoption of big data analytics in healthcare was examined, with a focus on how it affects operational effectiveness and service quality. SEM was used to examine the connections between operational performance, service quality, and analytics capabilities in a survey of 215 healthcare business. Their outcomes revels that adoption of BDA was shown to greatly improve service effectiveness and quality. According to the report, two important variables that facilitate successful acceptance are organizational preparedness and data quality. 

The impact of Big data Analytics (BDA) capabilities on organizational decision-making performance was investigated by (Shamim et al., 2020). SME was used in the study to investigate the connections among organization culture, technology infrastructure, and decision-making results. Surveys of 215 businesses in the retail and manufacturing industries were used to gather data. The mediating role of analytical capabilities in decision-making performance was tested using SEM. The findings revels that an analytics-driven culture and a robust technology infrastructure greatly improve decision-making performance, The between resources and performance outcomes was significantly mediated by BDA competence.  











[bookmark: _Toc185930383]Chapter 3: Theorical Framework and Hypothesis Development


In this research, a fusion model has been taken proposed by (Lutfi et al., 2022) by using diffusion of innovation theory (DOI) and the technological-organizational-environmental (TOE) model as the theorical framework. Several studies have stated that by using this both will help researchers to study the acceptance of IT in SMEs (Gonzales et al., 2015; Wahab et al., 2021). The DOI concept illustrates the significance technical features in IT adoption within organizations (Sun et al., 2020). Inversely, the TOE concept summaries the inner as well as outdoor elements that could impact company technology acceptance (Hameed et al., 2012; Yoon & George, 2013).

Consequently, this research presents a conceptual model (see Figure 1) that expends upon previous research on technological adoption variables related to BDA and TOE. It focuses on the three core TOE dimension: for technological and from there relative advantage was selected, from organizational top management support was selected along with organizational readiness, and from environmental competitive pressure factor was selected, all of which are known to impact technological adoption. The justification for the proposed hypothesis is provided in the subsequent section.
[image: ]











Figure 1. Research Model

[bookmark: _Toc185930384]3.1 Technological Context

[bookmark: _Toc185930385]3.2.1 Relative advantage

According to earlier study  (Kapoor et al., 2015; Rogers et al., 2014), the technological context in the TOE model emphasizes the importance of both external and internal factors in determining technology adoption. A critical factor to examine in this context is the tangible benefits associated with adopting the innovation. The concept of relative advantage highlights how a specific technology is perceived to outperform earlier versions or available substitutions. This perception plays a key role in influencing whether an organization chooses to embrace a new technological solution.   (Lutfi, 2021; Wahab et al., 2021). 

There are several dimensions in relative advantage, which includes operational efficiency, cost saving, better decision-making, and increased customer satisfaction. Organizations are more inclined to employ technology that show demonstrable results in these areas. For example, (Oliveira et al., 2014) stated that technologies that are more well-suited with existing systems and processes while also delivering measurable performance benefits are more likely to be adopted. Likewise, (Lutfi, 2021) discovered that SMEs select technology that are aligned with their strategic goal and offer a clear ROI.

Furthermore, in the context of Big Data Analytics (BDA), relative advantage is critical for adoption. (Wahab et al., 2021) stated that BDA allows enterprises to successfully process and analyze enormous amounts of data, resulting in insights that can revolutionize decision-making and operational strategies. (Choi et al., 2022) added to this by claiming that organizations who used BDA experienced considerable increases in market responsiveness and competitive positioning. 

However, relative advantage is determined by more than just the technological skills. (Kapoor et al., 2015) stated that perceived value is also influenced by organizational readiness and management’s capacity to effectively use technology. Thus, the interaction of perceived benefits and organizational context is important to successful adoption. 
  


(Idris & Mohamad, 2016), SMEs are often drawn to technology adoption when they determine its advantages to be more significant than from various available technology. Therefore, the present study puts forth the following hypothesis:

Hypothesis (H1): In the BDA adoption in Bangladesh SMEs relative advantage has a favorable influence.




[bookmark: _Toc185930386]3.2 Organizational Context

[bookmark: _Toc185930387]3.2.1 Top management support
This research examines top management support as well as organizational readiness as crucial organization components driving BDA acceptance in SMEs. To begin with, high administration is known to the capacity of manages to understand and adopt new technological competencies (Sanders, 2008). Managers in SME are frequently composed of a high-management group whose support and devoted effort play a pivotal role in fostering technology adoption outcomes (Jahanshahi & Brem, 2017). 

The role of upper management’s assistance is particularly significant because it bridges the gap among people and revolution acceptance, given that the propensity to accept is closely corelated with the firm’s degree of creative ability. Previous studies validate the importance of upper management assistance as a key aspect of new technology adoption (Alshamaila et al., 2013; Cruz-Jesus et al., 2019; Lutfi et al., 2020). Additionally, senior manager in SMEs have shown a high degree of desire For system installations, as documented earlier research (Ramdani & Kawalek, 2008); Consequently, the current study formulates the subsequent hypothesis:

Hypothesis (H2): Top management support has a favorable and significant link with accepting Big Data Analytics (BDA) in SMEs in Bangladesh.




[bookmark: _Toc185930388]3.2.2 Organizational Readiness 
Another key organizational factor examined in this study is organizational readiness, which is the preparedness and ability of firms to embrace including implement emerging technologies (Gangwar, 2018). This concept revolves around a business ability to supervise and allocate resource for the successful acceptance of advanced technologies while building on its existing IT expertise and operational competencies (Yoon & George, 2013). Specially, on big data analytics and business analysis contexts, research highlights the organizational readiness serves an vital influence in facilitating BDA adoption (Gangwar, 2018; Wahab et al., 2021). Organizational readiness in SMEs seem to be particularly linked to the seamless adoption of emerging technology, as demonstrated in earlier study (Asiaei & Ab. Rahim, 2019; Idris & Mohamad, 2016). Thus, this study posits that organization readiness act as a critical determinants and mediator, providing the foundation for the subsequent hypothesis:

Hypothesis (H4): The Organizational readiness mediator improve considerable positive connection in contrast to relative advantage along with BDA Adoption in Bangladesh SMEs.

Hypothesis (H5): The Organizational readiness mediator significantly enhance the favorable relation in contrast to Top Management Support and BDA Adoption in Bangladesh SMEs.

Hypothesis (H6): The connection in contrast to Competitive Pressure along with BDA adoption in Bangladesh SMEs significantly enhance through Organizational readiness mediator.
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[bookmark: _Toc185930390]3.3.1 Competitive Pressure
In the TOE framework, competitive pressures emerge as a vital external component affecting firm’s decision to adopt BDA in SMEs. Competitive pressure primarily stems from external market force that compel businesses to stay ahead by adopting advanced technologies (Baig et al., 2021). Firms often experience pressure from supplier, customers, and competitors, which drives their pursuit of innovation solutions (Asiaei & Ab. Rahim, 2019; Lutfi et al., 2020). Supporting this, prior studies emphasize that firms operating under competitive environments are more inclined to embrace technological advancements to maintain a competitive edge (Grandon & Pearson, 2004). Consequently, this study introduces the following hypothesis for validation:

Hypothesis (H3): For BDA adoption in Bangladesh SMEs competitive pressure has a considerable positive connection.
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[bookmark: _Toc185930392]4.1 Study context

This study focuses on the SMEs sector in Bangladesh, a developing country experiencing rapid growth in its small-medium manufacturing industries. The ultimate objective for this study is to discover the factors that affecting BDA adoption in Bangladesh SMEs, with an aim to help these enterprises remain competitive and promote sustainable growth. 


[bookmark: _Toc185930393]4.2 Research and Questionnaire Design  

This study followed a scientific approach, which allow us to extract empirical knowledge from data-driven hypothesis. A quantitative analysis carried out to figure out the critical elements that are manipulating BDA in Bangladesh SMEs. Quantitative survey was used for allocating data from industry professionals. The scale elements taken from earlier studies as shown in Appendix A. The survey employed used one to five scale, ranging from one is “Strongly disagree” to five is “Strongly agree” to evaluate replies accurately. To ensure question reliability, the survey was tested using Cronbach’s alpha, with all construct achieving values above 0.70, indicting a reliable consistency level (Hair et al., 2019).



The study theories for this study remained developed based on prior literature investigations. The things measuring BDA adoption remained specially adapted from (Lutfi et al., 2022), besides exogenous elements within the TOE structure were classified as technology, organizational, and environmental. The technological factor included: relative advantage (RA), which were taken from (Agrawal, 2015; Chen et al., 2015; Lai et al., 2018; Salleh & Janczewski, 2016). Besides, the organizational aspects of top-management support (TMS) were examined using things from (Chen et al., 2015), whereas the environmental factors of competitive pressure (CP) were evaluated via things from (Hsu et al., 2014; Lai et al., 2018).


[bookmark: _Toc185930394]4.3 Sampling and Data collection
Sample of 120 response were collected from the participants. However, for some respondent’s inaccurate answer we had to exclude 20 from our sample. Our response rate was 83.33%. We have informed respondents that their input only uses for research purpose. VIF values were between 1-5, indicating moderate collinearity.


[bookmark: _Toc185930395]4.4 Data Analysis
To make assure the precision regarding the model, this work applied PLS-SEM (Partial Least Squares Structural Equational Modeling), a powerful mathematical approach that allows real-time evaluation of multiple associations, both uncontrolled and controlled hypotheses, in just one structure. PLS-SEM is particularly well-suited for analyzing complicated models that include both mediation and moderation factors, making it an excellent choice for this study. This method This method effectively supports the analysis of complex relationship and accommodates both moderating and mediating variables, regardless of considerably smaller scale (Al-Okaily et al., 2020; Alqudah et al., 2019; Alshira’h et al., 2020; Alsyouf et al., 2021). 

The use of PLS-SEM enabled the simultaneous testing of both controlled and uncontrolled hypotheses, providing a thorough understanding of the interaction between variables. This method allows for the examination of direct, indirect, and total effects inside the model, providing detailed insights into the dynamics of BDA adoption in SMEs. Internal consistency and reliability were assessed using key statistical criteria, such as the alpha coefficient. Additional measures, such as composite reliability and average variance extracted (AVE), were calculated to establish convergent validity, showing that the indicators accurately represent the components. 

Discriminant validity was also assessed using recognized criteria, including the Fornell-Larcker criterion and the Heterotrait-Monotrait (HTMT) ratio. These tests ensured that the constructs were different and not too correlated, which validated the model’s structural integrity. This study demonstrated the validity and dependability of its dataset and analytical framework by adhering to strict statistical standards.

Overall, the application of PLS-SEM improved analysis precision while simultaneously ensuring the theoretical model’s robustness. This technique provides actionable insights into the elements driving BDA adoption, emphasizing its usefulness in addressing the challenges of technology acceptance in SMEs.

 

[bookmark: _Toc185930396]4.5 Mediation Analysis
This study adopted a two-step approach (Sarstedt et al., 2020) to determine how organizational readiness affect BDA acceptance in Bangladesh SMEs. Firstly, the study examined how relative advantage, top management support, and competitive pressure impacted organizational readiness for BDA adoption. The secondary impact of relative advantage -> Organizational readiness -> BDA adoption and Top management support -> Organizational readiness -> BDA adoption were significant in this research. 

Using relative advantage, Top management support, and competitive pressure without eliminating the mediating (Organizational readiness), the scholars glanced at the consequence on BDA adoption for H4 and H5. 
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[bookmark: _Toc185930398]5.1 Respondents Profile
The survey gathered demographic insights from professionals from various SMEs company. Based on the figures presented in Table 1, almost all of volunteers are between 26 to 35 years old, making up to 57% of the respondents. This suggests that the workforce is primarily made up of young individuals who are more inclined to adopt to technology developments like Big Data Analytics (BDA). A lower proportion of respondents are under the age of 25 (28%), while those aged 36-55 and over the age of 55 account for 13% and 2%, respectively, indicating a bias toward a younger population. 

The survey also finds a significant gender discrepancy, with men comprising 89% of respondents. This shows that the Bangladeshi SMEs workforce is dominated by men, matching industry-wide gender representation patterns. Women account for only 10% of the workforce, with 1% identified as non-binary or choosing not to declare their gender.

Regarding marital status, 61% of respondents identify as single, which is consistent with the younger age profile observed. Married people make up 37% of the sample, with divorcees accounting for only 2%. These members indicate that many professionals in the SEM sector are in the early stages of their personal and professional careers.

In terms of education, 53% of respondents have an undergraduate degree, 46% have postgraduate degrees, and 1% have received a PH.D. This demonstrates that most participants have core level of higher education, which provides them with essential abilities while also leaving potential for advanced training in fields such as data analytics.

Professional experience levels highlight that fledgling character of the workforce, with 70% having less than 5 years of experience. Only 21% indicate 5 to 9 years of experience, with 7% having 10 to 14% years. Those with more than 14 years of experience make up just 2% of the sample. Collectively, these outcomes indicate a relatively new and inexperienced workforce. Which may impact the acceptance of innovative technologies such as BDA. The findings highlight the need for focused training and capacity building programs to improve SEMs preparation for BDA implementation. 








Table 1. Demographic Profile of participants.
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[bookmark: _Toc185930399]5.2 Model Measurement. Validity and Reliability
In Table 2 the model’s review is shown. The outer loading is permitted of higher than 0,7 or equals to 0.7 (Henseler et al., 2009). The constructs in the model demonstrates strong reliability and validity. All outer loading exceeding 0.7, ensuring good indictor reliability. This reliability is further supported by the Average Variance Extracted (AVE), which shows that all values exceed the 0.7 criterion, indicating strong convergent validity. This suggests that the conceptions sufficiently account for the variance in their observed variables.

Cronbach’s Alpha and Composite Reliability (CR) both exceed the benchmark value of 0.7, indicating strong internal consistency and stability across the constructs. These metrics ensure the measurements model’s soundness, which is critical for obtaining correct and dependable results.

The R2 values for the structure model indicate a high level of explanatory power. Organizational Readiness accounts for 53.9% of the variance in its dependent variables, indicating moderate predictive power. Meanwhile, BDA adoption has a R2 value of 0.721, indicating strong explanatory power. These findings indicate that the model accurately reflects the interactions between the components, providing useful insights into the causes driving BDA uptake. 

Multiple fit indices provide additional support for the model’s overall fix. The Normed Fit Index (NFI) is 0.771, which is somewhat lower than the desired threshold of 0.9 (Bentler & Bonett, 1980) but still shows a satisfactory model fit. The SRMS is (0.069), which is  below the boundary level of 0.08 (Hu & Bentler, 1999), confirming a perfect fit among the dataset and the theoretical structure. 

These findings support the model’s validity and dependability, indicating that it is well-suited for studying the links between organizational readiness, technological parameters, and BDA adoption in SMEs.



Table 2. Measurement of model assessment 
[image: ]


Table 3. The figures of the Stone-Geisser indictor (Q2) and Cohen’s effect size indicator (f2) of the model in the SEM analysis.
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The table highlights Q2 and f2 factors, which provide insights into the importance of numerous determinants in BDA adoption. Competitive pressure has a smaller effect (0.460), implying that external market forces may not have a significant impact on Bangladeshi SEMs adoption of BDA. This implies that, while external drivers are important, they are insufficient to force BDA adoption without strong internal mechanisms. 

Relative advantage (0.515) and top management support (0.511) have moderate direct impacts, underscoring their significance in pushing the choice to implement BDA. Relative advantage highlights the perceive benefits and operational gains provided by BDA, which are important motivators for SMEs. Similarly, senior management support represents leadership commitment and resource development, creating and atmosphere receptive to technology adoption.

Organizational readiness appears as a key mediator, with a significant impact (0.493) on BDA adoption. This emphasizes its importance in closing the gap between affecting variables and successful implementation. Organizational readiness refers to SMEs infrastructure, skill sets, and strategic alignment to effectively implement and integrate BDA. IT magnifies the impact of relative advantage and top management backing, ensuring that these elements produce actionable results. 




[bookmark: _Toc185930400]5.3 Discriminant Validity

[bookmark: _Toc185930401]5.3.1 Fornell-Larcker Criterion Analysis
To evaluate the model’s reliability and validity, the Fornell-Larcker metric (Fornell, 1981) was applied. 

This metric is extensively used to evaluate discriminant validity is structural equation modeling. Discriminant validity ensures that each construct is distinct from the others in the model, which is critical from accurately representing and interpreting variable interactions. 

The square roots of AVE (Average Variance Extracted), displayed in Table 4, which represents the proportion of variance collected by each construct compared to the variance attributable to measurement error. These scores, which ranged from 0.848 to 0.871 in our investigation, above the usual criterion of 0.7, indicating strong convergent validity. High AVE values imply that the constructs properly account from the variance in their respective observable variables. 

The Fornell-Larcker criterion further states that the square root of each construct’s AVE must be higher than its highest correlation with any other construct. In this study, all dialogue values, which reflect the square roots of the AVEs, outperform the off-diagonal correlation in their corresponding rows and columns. This demonstrates that each construct is more correlated with its own indicators than with the other constructs in the model. By meeting the Fornell-Larcker criterion, the model demonstrates strong discriminant validity. This proves that the constructs are both internally consistent and sufficiently distinct from one another. These outcomes demonstrate that the model’s theoretical structure is reliable and valid, giving confidence in the interpretation of correlations between components in the context of BDA adoption in SMEs.   







Table 4. Fornell-Larcker Criterion Analysis
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The diagonal values, shown in bold, represents the square root of the AVE for the latent variables and are the largest values in their respective rows and columns. 




[bookmark: _Toc185930402]5.3.2 Heterotrait-Monotrait (HTMT) Analysis
The study of discriminant validity found that all HTMT values were below 0.90, as shown in table 5. HTMT threshold of 0.90 were applied to verify of the variables (Cheung et al., 2023) .


Table.5 The Heterotrait-Monotrait (HTMT) analysis results for assessing discriminant validity.
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[bookmark: _Toc185930403]5.3.3 Cross Loads
Within the scope of structure equation modeling (SEM), cross-loadings are an essential metric for verifying discriminant validity. They guarantee that each item has a strong correlation with its corresponding latent variable than it does with any other model construct. According to   (Dash & Paul, 2021; Hair et al., 2019), discriminant validity indicates the model’s notions are distinct and able to capture different characteristics of the dataset. In order to prove the accuracy and dependability of measurement models, this a basic prerequisite in SEM.

The cross-loading values for each item across the several latent variables used in the SEM analysis are shown in Table 6. These outcomes illustrate that, in comparison to other constructs, each item exhibits noticeably larger loadings on the assigned latent construct. These results confirms that each measurement item explains its intended construct in a unique way without overlapping with other items.

 Items that measure organizational readiness, for instance, have a substantial association with this concept but a far weaker link with unrelated elements like relative advantage or competitive pressure. This finding emphasizes the model’s strong discriminant validity, which is necessary in order to make reliable deductions regarding the connections between the constructs. The model demonstrates its capacity to successfully distinguish between various theoretical notions by guaranteeing that each item only captures the variation pertinent to its assigned latent variables. 

Furthermore, the theoretical assumption that every construct is distinct and makes a unique contribution to the SEM is supported by cross-loading analysis. It confirms the validity of the theoretical model supporting the research and makes sure the constructs are not redundant. The results support the model’s accuracy in representing the data and offer a solid basis for testing hypotheses. Therefore, the significant discriminant validity attained here confirms that the SEM approach is suitable for investigating the factors impacting the adoption of Big Data Aanalytics in SMEs in Bangladesh. 





Table 6. Values of the cross loads of individual items in SEM. 
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[bookmark: _Toc185930404]5.4 Assessment of the Structural Model
Figure 2 shows the assessment of the structural model. The t-values and R-squared values were obtained through the bootstrapping method with 1000 subsamples.

[image: ]Figure 2. Standardize result of SEM calculation.
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The results of primary and secondary hypotheses are presented in Table 7. Statistical bootstrapping was applied to evaluate t-values. A 95% confidence interval was utilized, as supported by the P-value in Smart PLS 3.2.9.



Table 7. Results of direct and indirect effect hypotheses.
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Hypotheses H1, H2, H4, H5 are supported, as their correlations reveled substantial positive impacts. H1 reveals that Relative Advantage significantly effects BDA adoption (β=0.296, t=2.7, p=0.008). Similarly, H2 

demonstrates that Top Management Support promotes BDA adoption (β=0.275, t=3.205, p=0.001). H4 stresses that importance of relative advantage in enhancing organizational readiness for BDA adoption (β=0.423, t=4.172, p < 0.001), while H5 indicates the mediating impact of Top Management Support through Organizational Readiness (β=0.358, t=3.841, p < 0.001)

significant impact of competitive pressure on BDA adoption (β=0.06, t=1.136, p < 0.264), while H6 demonstrate Competitive Pressure’s influence through Organizational Readiness lacks significance (β=0.088, t=1.356, p < 0.199). The findings underscore the crucial roles of leadership and perceived advantages in BDA adoption.



[bookmark: _Toc185930406]Chapter 6: Discussion and Conclusions

In our research we try to investigate the acceptance of Big Data Analytics (BDA) by SMEs in Bangladesh, focusing on technological, organizational, as well as environmental aspects. The results shows that relative advantage (H1) and top Management Support (H2) significantly influence the acceptance of BDA among Bangladesh SMEs. Relative advantage highlights the importance of aligning perceived benefits with operational efficiency and productivity improvements, while top management commitment ensures resource allocation and promote a data-driven culture. Furthermore, organizational readiness (H4) performs a mediating role in the relationship among relative advantage as well as BDA adoption, highlighting its critical importance. 

However, Competitive Pressure (H3, H6) does not significantly impact adoption, demonstrating that external factors alone are insufficient without internal readiness or strategic advantage. These results underscore the significance of internal variables, like as leadership and preparedness, above external forces in promoting technology adoption.  

This research finds leadership, perceived advantage, and readiness as important drivers of BDA adoption in Bangladesh. Organization should focus on creating internal readiness and getting management support to achieve effective adoption. While Competitive pressure may have a role, their influence is secondary to internal organizational factors. Further research might study industry-specific dynamics or long-term implications of this factors. This study presents a realistic approach for utilizing BDA’s revolutionary potential in data-driven corporate context.



[bookmark: _Toc185930407]Chapter 7: Contributions

In particular, this study provides significant contributions to the existing body of literature on the topic of technology adoption, particularly with regard to setting of small and medium enterprises (SMEs) in emerging nations. By focusing on the adoption of Big Data Analytics (BDA) in Bangladeshi SMEs, this research gives vital insights into the interplay of technological, organizational, and environmental elements. Through the integration of the Technology-Organization-Environment (TOE) framework, the study presents a detailed understanding of how relative advantage, top management support, organizational preparedness, and competitive pressure influence BDA adoption. A key theoretical advancement is the incorporation of organization readiness as a mediating element. This development highlights the crucial role that organizational readiness plays in bridging the gap between influencing factors and effective adoption. 

The research expands the TOE concept by demonstrating that organizational readiness enhances the benefits of relative advantage and top management and support. While prior studies have mostly focused on wealthy nations, this study addresses an essential gap by studying the setting of Bangladesh, a developing country with unique problems and potential for SMEs. The data illustrate that, unlike common assumption, competitive pressure does not significantly increase BDA adoption in this scenario. When conducting an analysis of the adoption of technology, it is essential to take into account aspects that are specific to the local environment and context. 

Practically, the report presents concrete advice for SMEs practitioners and policymakers. It emphasizes the necessity of investing in IT infrastructure, training, and strategic alignment to promote organizational preparedness. The capacity of small-medium enterprises (SMEs) to embrace and efficiently exploit BDA can be considerably improved by these initiatives. The research also shows the crucial role of senior management in building a data-driven culture and guaranteeing the deployment of appropriate resources. Policymakers are encouraged to support these activities though targeted financial incentives, capacity-building programs, and technical assistance tailored to the needs of SMEs.

Methodologically, this work adopts Partial Least Square Structural Equational Modeling (PLS-SEM), a powerful analytical approach that allows for the evaluation of complicated connections involving direct, indirect, and mediating effects. The robustness of the findings is ensured by the rigorous application of PLS-SEM, which, when combined with extensive measures of reliability and validity, establishes a standard for future study in this field. 

This work tackles wider societal ramifications in addition to academic and practical contributions. The study emphasizes how BDA may change decision-making, boots operational effectiveness, and increase competitiveness by promoting SMEs to adopt data-driven culture. These results promote economic growth and lessen the digital divide while also aiding in the sustainable development of Bangladesh’s SME sector. Additionally, by addressing the particular difficulties faced by SMEs in underrepresented areas, the insights offered support more equitable access to technology.

Although this study makes important contributions it also creates opportunities for more research. This work could be expended upon in the future by looking at dynamics unique to a given industry, investigating behavioral and cultural aspects, or comparing SMEs in developed and developing nations. Further understanding of the long-term effects of BDA adoption or organizational performance and sustainability may also be possible through longitudinal study.

The study concludes by providing important theorical, practical, methodological, and sociological insights on the adoption of BDA in SMEs. It lays the groundwork for future studies and useful developments in technology adoption, especially in the context of developing economies, by filling up current gaps and offering useful insights. 



[bookmark: _Toc185930408]Chapter 8: Limitations and Future Studies


Despite the results, it is vital to pay attention to the different boundaries inherent in this research. Firstly, the study mainly focused on quantitative data, which, while useful for funding trends and linkages, limits the investigation of qualitative constructs such as cultural impacts, leadership styles, and employee attitudes towards Big Data Analytics (BDA) implementation. Incorporating qualitative methodologies into future studies, such as interviews or case studies, may provide further insights into the underling dynamics of SMEs.

Another notable weakness is the study’s sample size and geographic scope. Data were obtained from a small number of SEMs in a specific region of Bangladesh. This constrained score may limit the findings’ applicability to other areas or businesses. Future research should aim for a larger, more diverse sample of SMEs from various geographic regions and sectors to improve the external validity of the conclusions.
Demographic characteristics, such as respondents’ age and professional experience, can limit their options. This study focused on young adult professionals with less work experience. Future research should incorporate a larger demographic profile, including varied level of experience educational background, and organizational responsibilities, to gain a more complete knowledge of the factors driving BDA adoption.

Furthermore, this study looked at only a subset of variables within the Technological-Organizational-Environmental (TOE) paradigm. Future research could include characteristics such as organizational culture, supplier and peer influence, and employee resistance to change, providing a more comprehensive picture.

Finally, longitudinal studies cloud looks into the long-term impact of BDA adoption on organizational performance, sustainability, and competitiveness. Addressing these constraints will provide more detailed insights and increase the practical usefulness of research on BDA uptake in SEMs.
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Characteristics Frequency (%)
Age

Under 26 28 28.0
2635 57 57.0
3655 13 13.0
Above 55 2 20
Gender

Male 89 89.0
Female 10 10.0
Others 1 1.0
Marital Status

Single 61 61.0
Married 37 37.0
Divorced 2 20
Educational Level

Undergraduate 53 53.0
Post Graduate 46 46.0
PHD 1 1.0
Work Experience

Less than 5 70 70.0
59 Years 21 21.0
1014 7 7.0
More than 14 Years 2 2.0
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Constructs Items Loading Ave CR Alpha R? NFI SRMR
RAL 0.879 0.771 0.069
Relative RA2 0.861
Advantage RA3 0.808 0.731 0.916 0.877
RA4 0.871
T_M_S1 0.828
Top Management ~ T_M_S.2 0.885
Support T_M_S3 0.849 0.73 0.915 0.877
T_M_s4 0.854
cp1 0.891
Competitive cp2 0.894 0.753 0.901 0.835
Pressure cp3 0.815
O_R1 0.833
Organizational O_R2 0.824
Readiness O_R3 0.876 0.718 0.911 0.87 0.539
O_R4 0.857
BDA_A.L 0.888
BDA Adoption BDA_A2 0.84 0.759 0.904 0.841 0.721
BDA_A3 0.885
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Variables Q? BDA_A(f) O_R()

Relative Advantage 0.515 0.149 0.224
Top Management Support 0.511 0.141 0.170
Competitive Pressure 0.460 0.011 0.015
Organizational Readiness 0.493 0.234
BDA Adoption 0.467

Large effect > 0.35; Moderate effect > 0.15; Small effect > 0.02;
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Variable’s name BDA_A c_P o_R R_A T_M_S

BDA_A 0.871
cp 0.306 0.868
OR 0.768 0.281 0.848
RA 0.739 0.298 0.673 0.854

TM.S 0.711 0.189 0.639 0.854 0.854
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Variable’s name BDA_A c_P o_R R_A

BDA_A
P 0362
OR 0.889 0326
R_A 0854 0343 0.760

TM.S 0.823 0.225 0.727 0.706





image8.png
Items. BDA Adoption  Competitive  Organizational Relative Top Management

Pressure Readiness Advantage Support
0.888 0.235 0.661 0.720 0.686
0.840 0.259 0.692 0.598 0.588
0.885 0.308 0.655 0.607 0.580
0.307 0.891 0.249 0.340 0.144
0.276 0.894 0.228 0.205 0.185
0.204 0.815 0.257 0.219 0.166
0.560 0.121 0.833 0.565 0571
0.583 0.222 0.824 0.440 0.488
0.681 0.315 0.876 0.578 0.541
0.754 0.280 0.857 0.671 0.562
0.660 0.327 0.577 0.879 0.480
0.641 0.209 0.546 0.861 0.564
0.541 0.252 0.562 0.808 0.464
0.677 0.231 0.615 0.871 0.619
0.574 0.220 0.493 0.523 0.828
0.665 0.104 0.591 0.598 0.885
0.543 0.138 0.535 0.456 0.849

0.638 0.191 0.557 0.547 0.854
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Hypotheses Relationship Std Beta std  tvalue p-Value Decision

Error
H1 Relative Advantage -> BDA Adoption 0296 0.11 2.7 0.008 Accepted
H2 Top Management Support -> BDA 0.275 0086  3.205 0.001 Accepted
Adoption
H3 Competitive Pressure -> BDA adoption 0.06 0052 1136 0.264 Rejected
H4 Relative Advantage > Organizational 0.423 0101 4172 0.000 Accepted
Readiness -> BDA Adoption
H5 Top Management Support -> 0.358 0093  3.841 0.000 Accepted
Organizational Readiness-> BDA Adoption
He Competitive Pressure > Organizational 0.088 0065  1.359 0.199 Rejected

Readiness -> BDA Adoption
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Appendix A
BDA Adoption (Lal et al, 2018)

« Our Business intends to adopt 8D
« Our Business intends to start using BD in regular bases in future
« Our Business highly recommend BDA for others to adopt

Organizational Readiness (Chen et al,, 2015)

«  Lackoffinancial resources prevent us from fully utilizing BDA
* Lackof I infrastructure hinder our ability to use BDA

«  Lackof analytics capabilities limits our BDA usage

o Lackof skilled resources prevents us from fully exploiting BDA

Relative Advantage (Agrawal et al., 2015)

BDA enables us to effectively manage supply chain risk
BDA helps us minimize waste in our warehousing operations

BDA allow us to respond more quickly than competitors to changing market condition
BDA helps us reduce the total cost of products for our customers

Top Management Support (Chen et al,, 2015)

« Our top management promote the use of BDA
« Our top management support BDA initiatives

«  BDAisa strategic priority for our top management

* Ourtop management i interested in news about BDA adoption

Competitive Pressure (Lai et al., 2018)

« Our competitors’ actions strongly influence our decision to adopt BDA
* We feel pressure from competitors to adopt BDA
* We will adopt BDA in response to competitors’ actions
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