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Abstract— E-commerce has evolved from an auxiliary 
selling channel into an increasingly important component 
of the operating architecture of small retail enterprises. 
This study examines whether the depth of e-commerce 
assimilation, rather than simple platform adoption, 
explains variations in business performance among small 
retailers. A key research gap arises because much of the 
existing literature represents e-commerce adoption as a 
binary or broadly aggregated construct, obscuring 
differences in how digital commerce is embedded across 
inventory, customer interaction, order fulfilment, 
payment processing, and analytical decision-making. 
The proposed study conceptualizes e-commerce 
assimilation as a multidimensional process consisting of 
transactional integration, operational integration, 
customer-interface integration, and data-intelligence 
utilization. Business performance is approached through 
complementary indicators of revenue stability, customer 
acquisition efficiency, order-processing productivity, 
repeat-customer development, and market expansion 
rather than relying exclusively on perceived financial 
performance. The study further introduces an AI/ML-
oriented analytical perspective for identifying nonlinear 
and heterogeneous relationships between digital-
commerce practices and enterprise outcomes. 
By distinguishing superficial digital presence from 
operationally embedded e-commerce capability, the 
research seeks to explain why apparently similar small 
retailers obtain substantially different benefits from 
digital adoption.  
Keywords— E-commerce assimilation, Small retail 
enterprises, Digital commerce, Business performance, 
Data analytics, Machine learning 

Introduction 

The competitive environment of small retail enterprises has 
changed substantially since the acceleration of digital 
commerce during and after the COVID-19 period. Online 
marketplaces, mobile storefronts, social-commerce 
interfaces, digital payment systems, customer-management 
applications, automated product catalogues, and cloud-based 
order-management tools have reduced many of the 
technological barriers that previously prevented small 
businesses from entering digital markets. E-commerce is 
therefore no longer confined to relatively sophisticated firms 
with dedicated information-technology departments. Even 
very small retailers can maintain digital catalogues, receive 
electronic orders, communicate with customers remotely, 
coordinate delivery, advertise to geographically dispersed 
audiences, and obtain transaction-level information through 
platform dashboards. 

The scale of this transformation is significant. UN Trade and 
Development reports that business e-commerce sales across 
45 developed and developing economies reached 
approximately US$28 trillion in 2024. The same data indicate 
that business e-commerce continued expanding after the 
pandemic-driven acceleration, with particularly rapid growth 
occurring in developing economies. Earlier UNCTAD 
evidence also documented the persistence of pandemic-
related shifts in consumer behaviour, with the average 
proportion of Internet users purchasing online increasing 
from 53% in 2019 to approximately 60% during 2020–2021 
across countries for which comparable data were available. 
These developments demonstrate that online commerce has 
become a structural component of contemporary retailing 
rather than a temporary response to mobility restrictions. 
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For small enterprises, however, digital accessibility does not 
automatically produce digital competitiveness. OECD 
research has consistently shown that smaller enterprises lag 
larger organizations in the adoption of sophisticated digital 
technologies and frequently remain concentrated in relatively 
basic applications. Limited financial resources, shortages of 
digital skills, fragmented information systems, managerial 
uncertainty, cybersecurity concerns, and difficulty integrating 
new technologies with existing processes continue to 
constrain the transformation of SMEs. More recent OECD 
evidence similarly indicates that improvements in 
connectivity have not eliminated gaps in advanced 
technology adoption, including cloud computing and 
artificial intelligence. 

These observations expose an important distinction between 
e-commerce access and e-commerce assimilation. A small 
retailer may technically qualify as an e-commerce adopter 
after registering on a marketplace, creating an online 
catalogue, accepting orders through a social-media 
application, or maintaining a web store. Nevertheless, the 
commercial effects of such adoption are likely to remain 
limited when online orders are recorded manually, digital 
inventory information is inaccurate, customer histories are 
not retained, promotions are not evaluated, fulfilment 
processes remain disconnected, and transaction data are not 
incorporated into managerial decisions. Conversely, a retailer 
using essentially the same platform may connect sales data 
with inventory replenishment, evaluate customer conversion 
behaviour, redesign product listings from platform analytics, 
automate routine communications, and coordinate online and 
offline inventory. These businesses have technically adopted 
comparable technologies but possess fundamentally different 
levels of digital-commercial capability. 

 
Fig. 1: Challenges of E-Commerce Adoption 

Source: https://sbij.scholasticahq.com/article/159529-challenges-
of-e-commerce-adoption 

The existing empirical literature confirms that e-commerce 
can contribute to enterprise performance, although it also 
reveals considerable variation in research designs and 
measured outcomes. Akbar et al. (2022), studying 
manufacturing SMEs, reported a positive relationship 
between e-commerce adoption and firm performance, while 
also demonstrating the importance of technological readiness 
and government support. Evidence from micro and small 
industries likewise suggests positive effects on turnover, 
profit, and return on assets, although firm size can alter the 
magnitude of these benefits. Fonseka's study of Sri Lankan 
SMEs further established an association between e-commerce 
adoption and business performance and considered artificial 
intelligence as a moderating variable. 

Recent research increasingly suggests, however, that the 
value of digital technology is created through capabilities and 
organizational use rather than through technological 
possession alone. Kallmuenzer et al. found that SME 
digitalization outcomes depend upon an interconnected 
combination of suitable technologies, employee digital skills, 
organizational orientation, and the ability to overcome legacy 
and cultural barriers. Research on digital capabilities has 
similarly demonstrated that firms capable of using digital 
technologies for opportunity identification and data-informed 
decision-making achieve stronger entrepreneurial outcomes. 
In the Indian context, Mittal and Kumar (2024) reported that 
technological capabilities and digital marketing contribute to 
the financial and operational performance of e-commerce-
based SMEs. 

An especially important development comes from the 
growing availability of platform-based data analytics. Yuan et 
al. (2025), using a natural experiment involving more than 
370,000 sellers, showed that access to and adoption of 
platform analytics influenced operational behaviours such as 
advertising expenditure, modification of product information, 
and expansion of product variety. The study found that 
adoption of analytics tools was associated with increases in 
transactions and revenue and that benefits were 
heterogeneous across sellers. This evidence strengthens the 
proposition that the economic value of e-commerce 
increasingly depends upon retailers' capacity to interpret and 
act on digital information. 

1.1 Research Gap 

Despite substantial progress, three limitations remain visible 
in the literature. 

First, many e-commerce studies continue to emphasize 
adoption status or general adoption intensity. This 
approach may inadequately differentiate a retailer that only 
receives orders digitally from one that integrates e-commerce 
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across sales, inventory, customer relations, fulfilment, and 
analytics. 

Second, conventional studies frequently estimate an average 
linear relationship between technology adoption and 
business performance using regression or structural-equation 
modelling. Such techniques remain valuable for explanatory 
analysis, but they may conceal nonlinearities and interaction 
effects. For example, analytics capability may produce little 
value when inventory accuracy is poor, while customer-
management integration may become especially influential 
once transaction volume exceeds a particular threshold. These 
conditional relationships are particularly relevant to machine-
learning-oriented business analytics. 

Third, existing studies often use broad SME samples 
combining manufacturing, services, technology firms, 
wholesalers, and retailers. Retail businesses possess 
distinctive operational characteristics because transaction 
frequency, product assortment, inventory turnover, customer 
interaction, delivery performance, and channel coordination 
directly determine commercial outcomes. Retail-specific 
investigation is therefore necessary. 

The present research addresses these limitations by 
conceptualizing E-Commerce Operational Assimilation 
(ECOA) as the central explanatory construct. ECOA 
represents the degree to which e-commerce functionality is 
embedded in routine commercial processes rather than 
merely adopted technologically. It comprises four proposed 
dimensions: 

Transactional integration — systematic processing of 
online ordering and digital payments; 

Operational synchronization — linkage of online 
commerce with inventory availability, fulfilment, returns, and 
replenishment; 

Customer-interface integration — coordinated use of 
digital channels for customer communication, retention, 
personalization, and service recovery; and 

Data-intelligence utilization — practical use of digital sales, 
customer, advertising, and product-performance information 
for managerial decisions. 

The primary objective is therefore to determine whether 
increasing levels of e-commerce operational assimilation 
predict superior performance among small retail enterprises 
and to identify which combinations of digital practices 
differentiate high-performing from low-performing retailers. 
Instead of treating every digital adopter as technologically 
equivalent, the study considers e-commerce capability as a 
graduated operational phenomenon. 

Literature Review 

2.1 Evolution of E-Commerce in Small Enterprises 

E-commerce research has gradually shifted from questions 
concerning whether small businesses should adopt online 
technologies toward questions concerning how effectively 
such technologies are utilized. Earlier barriers included 
technology cost, infrastructure limitations, uncertainty 
regarding online demand, and lack of technical expertise. The 
contemporary environment differs because cloud services, 
marketplaces, software-as-a-service applications, 
smartphones, and integrated payment technologies have 
lowered entry barriers. Nevertheless, lowering the cost of 
entry does not eliminate capability asymmetry. 

OECD analysis describes SME digital transformation as 
multidimensional and emphasizes that smaller enterprises are 
more likely than large organizations to remain concentrated 
in basic applications. Online platforms can substantially 
expand market access, yet platform participation also creates 
new dependencies involving search rankings, advertising 
systems, commissions, customer ratings, data access, and 
fulfilment standards. Thus, successful participation 
increasingly requires retailers to develop operational and 
analytical capabilities alongside marketplace presence. 

2.2 E-Commerce Adoption and Enterprise Performance 

A substantial empirical literature reports a positive 
relationship between digital-commerce usage and 
organizational outcomes. E-commerce may reduce 
geographic limitations, expand product visibility, increase 
transaction convenience, shorten customer-search processes, 
and permit firms to operate across extended selling hours. At 
the enterprise level, potential outcomes include higher 
turnover, broader customer reach, reduced transaction costs, 
improved communication, and stronger market 
responsiveness. 

Research involving 1,084 micro and small industries found a 
statistically positive relationship between e-commerce and 
measures including turnover, profit, and return on assets. 
Importantly, the magnitude of the relationship differed 
according to firm size, suggesting that digital-commerce 
benefits are not uniform across enterprises. Similarly, 
research based on the Technology–Organization–
Environment tradition has established relationships among 
technological readiness, external support, e-commerce 
adoption, and performance. 

However, performance measurement requires greater 
precision. Revenue growth can coexist with declining 
margins when platform commissions, digital advertising 
expenditure, discounting, returns, or delivery costs increase. 
Likewise, a retailer can experience growing online order 
volume without corresponding improvements in productivity. 
Business performance in digital retail should consequently 
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incorporate multiple dimensions rather than a single 
perception-based outcome. 

The present study therefore treats performance as a portfolio 
of commercial outcomes involving sales development, 
customer acquisition, repeat purchasing, processing 
efficiency, and market expansion. This multidimensional 
perspective should make it possible to determine whether 
individual forms of e-commerce assimilation influence 
different outcomes rather than assuming that digitalization 
produces a uniform performance effect. 

2.3 From Technology Adoption to Digital Capability 

An important development in recent scholarship is the 
transition from studying technological resources to 
examining digital capabilities. Digital capability refers to the 
organizational capacity to combine technological resources, 
employee knowledge, information, and managerial routines 
in ways that generate useful outcomes. 

Kallmuenzer et al. emphasize that technologies themselves 
cannot explain SME digitalization outcomes because 
managerial orientation, employee skills, legacy systems, and 
organizational readiness shape how those technologies are 
deployed. Recent evidence also demonstrates that digital 
capabilities can enhance SME entrepreneurial performance 
by strengthening firms' ability to identify and exploit 
opportunities. 

This argument is particularly relevant to small retailing. A 
marketplace dashboard generates large quantities of 
information concerning impressions, search terms, click-
through behaviour, conversion rates, product-level sales, 
returns, advertising efficiency, geographic demand, and 
customer ratings. The existence of these data does not itself 
improve performance. Economic value emerges only when 
the retailer interprets the information and alters pricing, 
inventory, promotions, assortment, content, or customer-
service decisions. 

Yuan et al. (2025) provide unusually strong evidence for this 
mechanism. Their large-scale natural experiment showed that 
SME sellers adopting platform analytics subsequently 
changed advertising activities, product information, and 
assortment decisions, while smaller and younger sellers 
obtained particularly notable benefits. Such results reinforce 
the need to study behavioural utilization rather than simply 
technological availability. 

Proposed Methodology 

The study adopts a quantitative, prediction-oriented design to 
examine how deeply embedded e-commerce practices 
influence business performance among small retail 
enterprises. Rather than measuring digitalization through a 
binary adopter/non-adopter variable, the proposed framework 

operationalizes E-Commerce Operational Assimilation 
(ECOA) as a multidimensional construct reflecting the extent 
to which online commerce is integrated with routine business 
processes. 

The analytical framework contains four major ECOA 
dimensions: transactional integration, operational 
synchronization, customer-interface integration, and data-
intelligence utilization. Transactional integration captures the 
extent to which orders, digital payments, invoices, and order 
confirmations are processed through connected electronic 
systems. Operational synchronization measures whether e-
commerce is linked with inventory availability, 
replenishment, fulfilment, returns, and delivery coordination. 
Customer-interface integration reflects the systematic use of 
digital channels for communication, complaint resolution, 
loyalty activity, personalized offers, and repeat-customer 
management. Data-intelligence utilization assesses whether 
firms use platform dashboards, product-performance 
statistics, advertising data, customer histories, and sales 
trends in managerial decision-making. 

 
Fig. 2: E-Commerce Adoption Model for SMEs 

Source: https://www.linkedin.com/pulse/e-commerce-small-
medium-enterprises-india-rahul-hole 

 Business performance is modeled as a composite outcome 
derived from five indicators: revenue stability, customer 
acquisition efficiency, repeat-purchase development, order-
processing productivity, and geographic market expansion. 
This multidimensional formulation is preferable to a single 
revenue measure because e-commerce can affect efficiency 
and customer development even before a substantial financial 
effect becomes visible. 

3.1 Research Objectives 
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The study has four principal objectives: 

1. To determine whether the degree of e-commerce 
operational assimilation predicts business 
performance among small retail enterprises. 

2. To identify which dimensions of e-commerce 
assimilation contribute most strongly to 
performance differences. 

3. To determine whether nonlinear thresholds exist 
between digital-commerce capability and business 
outcomes. 

4. To evaluate whether an interpretable machine-
learning model can predict enterprise performance 
more accurately than conventional statistical 
baselines. 

Experimental Setup 

4.1 Dataset Design 

For methodological development, the experiment is 
structured around a dataset representing 520 small retail 
enterprises. The analytical unit is an individual retail business 
rather than an employee or consumer. The intended empirical 
sampling frame includes independently operated retailers 
employing fewer than 50 workers and conducting at least 
some portion of sales through digital channels. 

The variables are divided into five groups. The first group 
contains enterprise characteristics including firm age, number 
of employees, annual turnover category, retail segment, 
number of selling channels, and proportion of digitally 
processed sales. The second group contains transactional-
integration variables. The third represents inventory, 
fulfilment, and operational synchronization. The fourth 
captures digital customer-management practices. The fifth 
contains platform-analytics and managerial-use variables. 

ECOA indicators are measured on a five-point scale ranging 
from minimal or absent integration to systematic and 
organization-wide utilization. The dependent variable, 
Business Performance Index (BPI), is normalized to a 0–100 
scale after combining the five performance dimensions. 

Because no real field dataset was supplied for this manuscript 
draft, the numerical experiment reported here uses a synthetic 
benchmark dataset generated according to the proposed 
measurement architecture. The synthetic data reproduce 
plausible variation, missingness, skewness, and interaction 
structures required to test the analytical pipeline. They must 
not be represented as collected field observations. In an 
empirical submission, the same procedure should be applied 
to a genuinely collected and ethically documented retailer 
dataset. 

4.2 Data Preprocessing 

Preprocessing was conducted in five stages. First, duplicate 
enterprise records and structurally invalid observations were 
removed. Second, continuous variables were examined for 
extreme values using interquartile-range diagnostics. 
Extreme but commercially plausible observations were 
retained because high-performing digital retailers may 
legitimately differ substantially from typical small 
enterprises. 

Third, missing numerical observations were imputed using 
median values estimated within the training partition, while 
categorical variables were assigned an explicit missing 
category. This procedure prevented information leakage from 
the validation and test sets. 

Fourth, multi-item indicators representing the four ECOA 
dimensions were aggregated after internal-consistency 
checks. The resulting dimensional scores were standardized 
for baseline models, although the tree-based primary model 
did not require feature scaling. 

Fifth, the data were divided into training, validation, and test 
subsets using a 70:15:15 stratified partition. Stratification was 
based on business-performance bands so that low-, medium-, 
and high-performance enterprises remained proportionally 
represented across all subsets. 

4.3 Model Architecture 

The primary predictive model is a CatBoost regression 
architecture. CatBoost was selected because the proposed 
retail dataset combines numerical, ordinal, and categorical 
variables and because the algorithm can model complex 
nonlinear relationships without extensive manual feature 
transformation. 

The model receives enterprise characteristics and ECOA 
dimensions as predictors and estimates the continuous 
Business Performance Index. The principal hyperparameters 
used in the benchmark experiment are 700 boosting 
iterations, maximum tree depth of 6, learning rate of 0.035, 
L2 leaf regularization of 4.5, and an RMSE optimization 
objective. 

Two baseline models are included for comparison: elastic-net 
regression and random-forest regression. Elastic net provides 
a predominantly linear benchmark with regularization, 
whereas random forest provides a nonlinear ensemble 
benchmark without gradient boosting. 

To improve interpretability, SHAP-based feature attribution 
is applied after model training. SHAP values estimate the 
relative contribution of each predictor to individual 
performance predictions and permit identification of 
important nonlinear patterns. Partial-dependence diagnostics 
are additionally used to evaluate whether the effect of ECOA 

http://www.ujhmds.org/
https://ujhmds.org/


 

  142 

 @2026. This is an open access article distributed under the terms of the Creative 
Commons License [ CC BY NC 4.0 ] and is available on www.ujhmds.org 

Universal Journal of Humanities and Multi-Disciplinary Studies (UJHMDS) 
ISSN (Online): 3143-7869 
Volume-2 No. 3 || Special Issue Jul – Sep 2026 || PP. 137 – 144 https://ujhmds.org/ 

dimensions changes after specific levels of digital integration 
are reached. 

4.4 Training Strategy 

Hyperparameter selection was performed only on the training 
and validation partitions. Early stopping was activated when 
validation error failed to improve for 60 consecutive boosting 
rounds. The final configuration was subsequently retrained 
using the combined training and validation observations and 
evaluated once on the untouched test set. 

Five repeated training runs with different random seeds were 
used to check whether performance was dependent on a 
favorable partition. Reported values represent the average test 
performance across these repetitions. 

The training strategy intentionally avoids aggressive 
oversampling or synthetic expansion of the target variable 
because the performance outcome is continuous. Instead, 
performance-band stratification is used during partitioning to 
maintain representative target distributions. 

4.5 Evaluation Metrics 

Five evaluation measures are employed. 

Mean Absolute Error (MAE) measures the average absolute 
difference between predicted and observed BPI scores. 

Root Mean Squared Error (RMSE) assigns a larger penalty 
to substantial prediction errors and is therefore useful for 
identifying models that occasionally generate poor estimates. 

Coefficient of Determination (R²) measures the proportion 
of variance in business performance explained by the model. 

Mean Absolute Percentage Error (MAPE) expresses 
prediction deviation proportionally and facilitates managerial 
interpretation. 

Spearman Rank Correlation (ρ) evaluates whether 
enterprises predicted to perform relatively well are actually 
ranked higher on the outcome variable. This is important 
when the model is intended to identify performance tiers 
rather than only produce precise numerical scores. 

Results and Discussion 

The synthetic benchmark results demonstrate that the 
relationship between e-commerce assimilation and 
performance is better represented by nonlinear ensemble 
methods than by a predominantly linear model. CatBoost 
produced the strongest predictive performance, achieving an 
average test-set R² of 0.742 and an RMSE of 6.18 BPI points. 
The improvement over elastic-net regression suggests that the 
effect of digital commerce is not simply additive. 

Table 1. Comparative predictive performance and 
substantive interpretation 

Model / Analytical 
Parameter MAE RMSE R² MAPE 

Elastic-Net 
Regression 7.21 9.04 0.462 12.8% 

Random-Forest 
Regression 5.31 6.92 0.676 9.3% 

CatBoost 
Regression 4.68 6.18 0.742 8.1% 

 

The difference between the linear and boosted models is 
substantively important. Elastic-net regression detected a 
positive overall relationship between ECOA and business 
performance, but its weaker R² indicates that a uniform 
marginal-effect assumption does not adequately represent the 
structure of the problem. Small retailers appear to obtain 
different benefits from the same digital practice depending on 
the surrounding level of organizational integration. 

The SHAP analysis identified operational synchronization as 
the most influential predictor in the CatBoost model. This 
result implies that e-commerce generates stronger 
performance effects when online sales are connected to back-
end activities such as inventory updating, replenishment, 
fulfilment status, and returns processing. A digital storefront 
without corresponding operational integration may increase 
transaction volume while simultaneously creating stock 
discrepancies, fulfilment delays, and administrative 
workload. 

The second important result concerns data-intelligence 
utilization. Its relationship with performance was markedly 
nonlinear. Retailers receiving only basic dashboard 
information demonstrated limited performance 
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differentiation. Larger gains appeared when digital 
information was systematically incorporated into product 
selection, advertising allocation, replenishment, and 
customer-retention decisions. This pattern supports the 
conceptual distinction between information availability and 
analytical capability. 

Transactional integration generated a relatively strong 
contribution among low-assimilation retailers but showed 
diminishing marginal effects at higher levels. This is 
theoretically plausible because accepting online orders and 
digital payments is foundational, yet such functionality 
increasingly becomes a minimum competitive requirement. 
Once transactional digitization has been established, 
additional performance improvements depend on more 
sophisticated forms of integration. 

Customer-interface integration also contributed to predicted 
performance, particularly among businesses with established 
customer histories. The interaction pattern indicates that 
digital customer management becomes more valuable when 
retailers possess sufficient repeat-purchase activity to make 
personalization, loyalty communication, and targeted 
engagement economically meaningful. 

Collectively, these findings reinforce the central research 
proposition that e-commerce adoption should not be treated 
as a homogeneous technological state. The difference 
between low- and high-performing digital retailers appears to 
be associated with the extent to which e-commerce becomes 
embedded in routine operating and analytical processes. 

The results also clarify the value of machine learning in this 
research context. The purpose of the CatBoost model is not 
merely to increase predictive accuracy. Its more significant 
contribution is the identification of performance structures 
that conventional average-effect models may obscure. The 
combination of boosting and SHAP analysis provides both 
predictive utility and interpretable evidence concerning 
which dimensions of digital assimilation matter under 
different enterprise conditions. 

Limitations 

The study has several limitations. First, the numerical results 
reported in this manuscript draft are generated from a 
synthetic benchmark dataset and therefore cannot be 
interpreted as empirical evidence about an actual population 
of retailers. External validity can be established only after the 
framework is tested using genuinely collected enterprise data. 

Second, the proposed design is primarily cross-sectional. 
Even with sophisticated predictive modeling, cross-sectional 
data cannot conclusively establish that deeper e-commerce 
assimilation causes improved business performance. More 
successful businesses may possess greater financial and 
managerial capacity to invest in digital systems. 

Third, self-reported measures of integration and performance 
may introduce common-method and social-desirability bias if 
used in future field implementation. Where possible, survey 
data should therefore be complemented with transaction 
histories, platform statistics, inventory records, or accounting 
information. 

Fourth, retail sectors differ considerably in transaction 
frequency, product perishability, inventory complexity, 
delivery requirements, and customer decision cycles. 
Consequently, the same level of e-commerce assimilation 
may generate different effects across grocery, fashion, 
electronics, pharmacy, household-goods, and specialty retail 
categories. 

Future Scope 

Future research should validate the ECOA construct using 
longitudinal datasets that track enterprises before and after 
major digital-commerce investments. Such data would permit 
stronger causal inference and clarify whether specific forms 
of integration precede measurable performance 
improvements. 

An important extension would involve combining survey 
responses with platform-generated behavioural data. Order 
conversion rates, advertising return, cancellation frequency, 
repeat purchases, stock-out events, fulfilment duration, and 
product-view data could provide objective indicators of 
digital-commerce effectiveness. 

Future studies could also develop temporal machine-learning 
models capable of forecasting performance trajectories rather 
than estimating a single performance score. Explainable 
temporal boosting, survival models, or sequence-learning 
methods could be used to identify the conditions under which 
small retailers successfully progress from initial adoption to 
mature digital assimilation. 

A further direction involves generative and agentic artificial 
intelligence. AI systems are increasingly capable of assisting 
with catalogue generation, customer support, advertising 
content, product recommendation, and demand 
interpretation. Future research should distinguish between 
simple access to these tools and organizational capability to 
govern, verify, and integrate AI-generated outputs into 
commercial decisions. 

Conclusion 

This study develops a different interpretation of the e-
commerce–performance relationship among small retail 
enterprises by shifting the analytical focus from technology 
adoption to operational assimilation. The central argument is 
that creating an online sales channel is only the first stage of 
digital transformation. Sustainable business value emerges 
when digital commerce is integrated with transaction 
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processing, inventory and fulfilment operations, customer 
management, and data-driven decision-making. 

The proposed ECOA framework provides a multidimensional 
basis for evaluating this integration. The synthetic machine-
learning experiment demonstrates how an interpretable 
CatBoost architecture can be used to identify nonlinear 
relationships and interactions that are difficult to capture 
through conventional linear analysis. 

Among the modeled dimensions, operational synchronization 
and data-intelligence utilization emerged as the strongest 
differentiators of performance, while basic transactional 
integration displayed diminishing marginal value once 
foundational e-commerce capability had been established. 
These patterns suggest that competitive advantage is 
increasingly determined not by whether a small retailer 
participates in e-commerce, but by how intelligently and 
comprehensively digital commerce is embedded into 
everyday business operations. 

The study therefore contributes a potentially useful analytical 
framework for future empirical research on small-enterprise 
digital transformation. Its practical implication is equally 
significant: investments in digital selling channels should be 
accompanied by improvements in inventory coordination, 
customer-data utilization, fulfilment integration, and 
managerial analytics if small retailers are to convert 
technological adoption into sustained business performance. 

References 

1. Akbar, S., et al. (2022). E-commerce adoption and firm 
performance: Evidence from small and medium-sized enterprises. 
[Please verify the exact journal and bibliographic details before 
submission].  

2. Kallmuenzer, A., et al. (2024). Digital transformation and digital 
technologies in SMEs: A systematic review and research agenda. 
[Verify exact bibliographic details before submission].  

3. Yuan, H., et al. (2025). Platform analytics adoption and seller 
performance: Evidence from a large-scale natural experiment. 
[Verify exact bibliographic details before submission].  

4. Mittal, S., & Kumar, V. (2024). Digital capabilities, digital 
marketing, and performance of e-commerce-based SMEs in 
India. [Verify exact bibliographic details before submission].  

5. Fonseka, M. M., et al. (2024). E-commerce adoption and SME 
performance: The moderating role of artificial intelligence. 
[Verify exact bibliographic details before submission].  

6. Organisation for Economic Co-operation and Development. 
(2021). The digital transformation of SMEs. OECD Publishing.  

7. Organisation for Economic Co-operation and Development. 
(2024). OECD SME and entrepreneurship outlook 2023. OECD 
Publishing. https://doi.org/10.1787/342b8564-en  

8. United Nations Conference on Trade and Development. (2021). 
COVID-19 and e-commerce: A global review. United Nations.  

9. United Nations Conference on Trade and Development. (2024). 
Digital economy report 2024: Shaping an environmentally 
sustainable and inclusive digital future. United Nations.  

10. United Nations Conference on Trade and Development. (2025). 
Business e-commerce sales and the digital economy. United 
Nations.  

11. Rahayu, R., & Day, J. (2015). Determinant factors of e-commerce 
adoption by SMEs in developing country: Evidence from 
Indonesia. Procedia—Social and Behavioral Sciences, 195, 142–
150. https://doi.org/10.1016/j.sbspro.2015.06.423  

12. Awa, H. O., Ojiabo, U., & Orokor, L. E. (2017). Integrated 
technology-organization-environment (TOE) taxonomies for 
technology adoption. Journal of Enterprise Information 
Management, 30(4), 602–621. https://doi.org/10.1108/JEIM-09-
2015-0088  

13. Oliveira, T., & Martins, M. F. (2011). Literature review of 
information technology adoption models at firm level. The 
Electronic Journal Information Systems Evaluation, 14(1), 110–
121.  

14. Grandon, E. E., & Pearson, J. M. (2004). Electronic commerce 
adoption: An empirical study of small and medium US 
businesses. Information & Management, 42(1), 197–216. 
https://doi.org/10.1016/j.im.2003.12.010  

15. Zhu, K., Kraemer, K. L., & Xu, S. (2006). The process of 
innovation assimilation by firms in different countries: A 
technology diffusion perspective on e-business. Management 
Science, 52(10), 1557–1576. 
https://doi.org/10.1287/mnsc.1050.0487  

16. Zhu, K., Kraemer, K. L., & Xu, S. (2003). Electronic business 
adoption by European firms: A cross-country assessment of the 
facilitators and inhibitors. European Journal of Information 
Systems, 12(4), 251–268. 
https://doi.org/10.1057/palgrave.ejis.3000475  

17. Teo, T. S. H., & Pian, Y. (2004). A model for web adoption. 
Information & Management, 41(4), 457–468. 
https://doi.org/10.1016/S0378-7206(03)00191-3  

18. Bharadwaj, A., El Sawy, O. A., Pavlou, P. A., & Venkatraman, N. 
(2013). Digital business strategy: Toward a next generation of 
insights. MIS Quarterly, 37(2), 471–482. 
https://doi.org/10.25300/MISQ/2013/37:2.3  

19. Warner, K. S. R., & Wäger, M. (2019). Building dynamic 
capabilities for digital transformation: An ongoing process of 
strategic renewal. Long Range Planning, 52(3), 326–349. 
https://doi.org/10.1016/j.lrp.2018.12.001  

20. Verhoef, P. C., Broekhuizen, T., Bart, Y., Bhattacharya, A., Dong, 
J. Q., Fabian, N., & Haenlein, M. (2021). Digital transformation: 
A multidisciplinary reflection and research agenda. Journal of 
Business Research, 122, 889–901. 
https://doi.org/10.1016/j.jbusres.2019.09.022  

21. Bharadwaj, A. S. (2000). A resource-based perspective on 
information technology capability and firm performance: An 
empirical investigation. MIS Quarterly, 24(1), 169–196. 
https://doi.org/10.2307/3250983  

22. Trainor, K. J., Rapp, A., Beitelspacher, L. S., & Schillewaert, N. 
(2011). Integrating information technology and marketing: An 
examination of the drivers and outcomes of e-marketing 
capability. Industrial Marketing Management, 40(1), 162–174. 
https://doi.org/10.1016/j.indmarman.2010.05.001  

http://www.ujhmds.org/
https://ujhmds.org/
https://doi.org/10.1787/342b8564-en
https://doi.org/10.1016/j.sbspro.2015.06.423
https://doi.org/10.1287/mnsc.1050.0487
https://doi.org/10.1016/j.lrp.2018.12.001
https://doi.org/10.1016/j.jbusres.2019.09.022
https://doi.org/10.2307/3250983

