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ABSTRACT
This study analyzes how digital infrastructure and digital business practices are associated with online business adoption and growth among small and medium-sized enterprises (SMEs) in rural Sleman Regency, Indonesia. Using a quantitative cross-sectional survey design, data were collected from 200 SMEs located around hamlet Wi-Fi facilities and analyzed using binary logit and ordered logit models. The revised manuscript clarifies sampling criteria, variable coding, ethical procedures, model interpretation, and the limitations of cross-sectional inference. The results show that education (coefficient = 0.787; P = .029), turnover (coefficient = 1.45E-07; P = .041), and duration of Wi-Fi use (coefficient = 0.485; P < .001) are positively associated with online business adoption. Wi-Fi availability for e-business (coefficient = 5.135; P = .003), online sales (coefficient = 4.500; P = .003), innovation (coefficient = 3.738; P = .002), and access speed (coefficient = 2.312; P = .041) are also significant determinants in the second model. The ordered logit model indicates that e-commerce is positively associated with higher SME growth categories (coefficient = 4.562; P < .001), while general internet use is not significant. These findings indicate that rural digitalization supports SME performance when infrastructure is accompanied by productive e-commerce use, innovation, and digital capability, although the results should be interpreted as associations rather than causal effects.
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1. INTRODUCTION
Economic digitalization has become an important pathway for inclusive economic development because it expands the space for innovation, market access, and knowledge exchange. Recent studies argue that the development of the digital economy can create new opportunities for enterprise innovation and strengthen competitiveness in increasingly uncertain business environments (Peng et al., 2023; Zhang & Aumeboonsuke, 2022). For rural enterprises, digital technologies can also reduce the disadvantages of distance by enabling access to online markets, information flows, education, business networks, and services that are not always available locally (Freeman & Park, 2015; Castellacci & Tveito, 2018; Townsend et al., 2016). Therefore, the digital economy is not only a technological phenomenon but also a strategic instrument for rural economic transformation.
Small and medium-sized enterprises (SMEs) in rural areas can benefit from digital infrastructure because online channels provide access to broader customers, suppliers, financial services, and business information. Previous studies show that rural businesses can use online connectivity to improve their competitive position and performance, especially when they can combine digital access with market-oriented business strategies (Phillipson et al., 2019; Tiwasing, 2021). Digital platforms and e-commerce also offer new environments for innovation because they allow entrepreneurs to identify consumer preferences, adjust market strategies, reduce transaction costs, and expand sales beyond the immediate local area (Bonina et al., 2021; Khurana et al., 2022). These opportunities are especially relevant for rural SMEs that need to overcome market limitations caused by spatial distance and limited physical distribution networks.
However, the benefits of digitalization are not automatically achieved. Rural businesses often face unequal access to digital infrastructure because broadband investment in geographically dispersed areas is more costly and less attractive for commercial telecommunications operators (Tiwasing et al., 2022; Roberts et al., 2017; Salemink et al., 2017; Philip & Williams, 2019). Digital exclusion may hinder regional productivity, employment, and local development when rural firms remain underserved by reliable connectivity (Atasoy, 2013; Falk & Hagsten, 2021; Tranos et al., 2021). In addition to infrastructure constraints, rural firms may experience limited digital skills, difficulty recruiting digitally capable workers, and cybersecurity risks associated with e-mail, online accounting, payment systems, and online retail activities (Cosgrave, 2020; Townsend et al., 2013; Tiwasing et al., 2022; Lee, 2021). These barriers indicate that rural digital development requires more than the physical installation of internet facilities.
Sleman Regency has attempted to respond to rural digital inequality through the Sleman Wi-Fi for Sesarengan program, which provides free internet facilities at the hamlet level. The program is linked to the local government’s vision of developing a smart district. Local survey information reported by the Sleman Regency Communication and Information Service in 2019 indicated that internet use for e-commerce remained limited, while internet use for social media was much higher. This gap suggests that digital infrastructure provision may not immediately translate into productive digital economic activity. It is therefore important to examine whether hamlet Wi-Fi, e-commerce activity, and innovation are associated with rural SMEs’ shift from offline to online business and with business growth.
Based on this problem, this study investigates the relationships among digital infrastructure, online business adoption, e-commerce use, innovation, and SME growth in the rural economy of Sleman Regency. The study is guided by three research questions. First, which respondent and business characteristics are associated with SME online business adoption? Second, which aspects of Wi-Fi quality and digital business practice are associated with the transition from offline to online business? Third, how are internet use, e-commerce activity, and profit indicators associated with ordinal SME growth outcomes? The use of binary logit and ordered logit estimation is justified because the dependent variables are categorical: online business adoption is binary, whereas business growth is measured in ordered categories. The study contributes to rural digital economy literature by linking hamlet-level public Wi-Fi provision to productive business use rather than treating internet access as sufficient by itself.
Accordingly, the study expects that higher education, larger turnover, longer Wi-Fi use, better connection quality, e-business use, online sales, and innovation are positively associated with the probability of online business adoption. It also expects that e-commerce activity is positively associated with higher SME growth categories. These expectations are presented as empirical propositions rather than causal hypotheses because the study uses cross-sectional survey data.
2. MATERIAL AND METHODS
2.1 Research Design, Data, and Sampling
This study used a quantitative cross-sectional survey approach to analyze the role of digital infrastructure and digital business practices in supporting SME performance in rural Sleman Regency. The population of interest consisted of SMEs located around hamlet Wi-Fi facilities under the local public Wi-Fi program. Respondents were SME owners or managers who had knowledge of daily business operations and were located within areas served by hamlet Wi-Fi. SMEs that were not located around the Wi-Fi service area or whose respondents could not provide information on internet use, sales, and business growth were excluded from the survey. A total of 200 respondents were included because this number was considered adequate for estimating the binary and ordered response models used in the study while still representing variation in age, gender, education, and business sector among eligible SMEs.
The key outcome in the first part of the analysis was whether an SME had adopted online business activity. This outcome was coded as a binary variable and estimated using binary logit regression. The second part of the analysis examined business growth as an ordinal outcome and was estimated using an ordered logit model. The questionnaire recorded respondent characteristics, business turnover, distance from the Wi-Fi point, duration and frequency of Wi-Fi use, perceived access quality, e-business use, online sales, innovation, internet use, e-commerce activity, and profit indicators. The survey instrument was reviewed for content relevance by the research team before data collection, and responses were checked for completeness and coding consistency before estimation. Because the study used observed survey indicators rather than multi-item latent constructs, internal consistency coefficients such as Cronbach’s alpha were not calculated for the main econometric variables.
2.2 Ethical Approval and Consent to Participate
This study involved survey responses from SME owners or managers. Participation was voluntary, and respondents were informed about the purpose of the study before answering the questionnaire. The survey did not collect sensitive personal identifiers, and all responses were processed in aggregate form to protect confidentiality and anonymity. Ethical approval was handled in accordance with institutional research procedures at Universitas Pembangunan Nasional Veteran Yogyakarta; the approval number should be added by the authors if required by the journal or institution.
2.3 Variables
The first binary logit model was estimated to identify the factors associated with the likelihood of SMEs adopting online business practices. This model includes respondents’ characteristics, namely gender, age, and education, as well as business-related factors such as turnover, distance from hamlet Wi-Fi, and duration of Wi-Fi use. The inclusion of these variables is intended to capture individual capability, business scale, and infrastructural exposure that may affect the decision to shift from offline to online business activities. The variables were coded so that higher values generally indicate a higher level of the observed characteristic, except for binary variables where the coding is explicitly stated. The estimation results of Model 1 are presented after the variable description in Table 1.
Table 1. Variables used in the empirical models
	Variable
	Operational definition and coding
	Measurement
	Model

	ONLINE
	Online business adoption; 1 = SME conducts online business activity, 0 = otherwise.
	Binary dependent variable
	Binary logit Models 1 and 2

	GROWTH
	Perceived business growth category; coded in ordered categories from lower to higher growth.
	Ordinal dependent variable
	Ordered logit

	GENDER
	Gender of entrepreneur/respondent; 1 = female, 0 = male.
	Binary/categorical
	Model 1

	AGE
	Age category of entrepreneur/respondent; higher values indicate older age category.
	Ordinal/categorical
	Model 1

	EDU
	Education level of respondent; higher values indicate higher formal education.
	Ordinal
	Model 1

	OMZET
	Sales turnover of the business, measured as reported business turnover.
	Continuous
	Models 1 and 2

	DISTANCE
	Distance between business location and the hamlet Wi-Fi facility.
	Continuous
	Model 1

	DURATION
	Duration of hamlet Wi-Fi use by the SME; higher values indicate longer use.
	Continuous/ordinal
	Model 1

	ACCESS
	Perceived ease of accessing Wi-Fi/internet; higher values indicate easier access.
	Ordinal
	Model 2

	SPEED
	Perceived internet/Wi-Fi access speed; higher values indicate faster access.
	Ordinal
	Model 2

	STABLE
	Perceived stability of Wi-Fi access; higher values indicate more stable access.
	Ordinal
	Model 2

	FREQ
	Frequency of Wi-Fi use; higher values indicate more frequent use.
	Ordinal
	Model 2

	EBIS
	Use of Wi-Fi/internet for e-business activity; higher values indicate stronger e-business use.
	Ordinal/binary
	Model 2

	SALE
	Online sales activity or sales value through digital channels; higher values indicate stronger online sales activity.
	Ordinal/continuous
	Model 2

	INOV
	Innovation behavior in business activity; higher values indicate stronger innovation orientation.
	Ordinal
	Model 2

	INTERNET
	General internet use in the growth model; higher values indicate greater internet use.
	Ordinal/binary
	Ordered logit

	ECOMMERCE
	E-commerce activity in the growth model; higher values indicate stronger e-commerce use.
	Ordinal/binary
	Ordered logit

	PROFIT
	Profit indicator reported in the survey; not used for substantive interpretation in the revised ordered logit discussion because the earlier output duplicated the INTERNET estimates.
	Ordinal/continuous
	Reported as limitation


2.4 Model Specification
The first and second empirical models used binary logit estimation to explain the probability that SMEs conduct online business. Binary logit was selected because the dependent variable, ONLINE, has two possible outcomes. Model 1 included respondent and basic business characteristics, namely gender, age, education, turnover, distance, and duration of Wi-Fi use. Model 2 focused on Wi-Fi-related and digital business factors, including turnover, ease of access, speed, stability, frequency, e-business use, online sales, and innovation. Odds ratios are reported in the revised tables to improve substantive interpretation of the logit coefficients. Because the study used cross-sectional survey data, the estimated coefficients should be interpreted as associations rather than causal effects.
For the ordinal business growth outcome, this study followed the ordered logit formulation used in the source article. Ordered logit was selected because GROWTH is an ordinal dependent variable in which higher categories represent better business growth. The method is appropriate when the response variable has more than two ordered categories and when the proportional odds assumption is conceptually plausible. The revised manuscript reports the ordered logit results more cautiously because the proportional odds test and marginal effects were not available from the submitted output.
Suppose there are five possible outcomes: very poor, poor, moderate, good, and very good. If the probabilities of these outcomes are given by p1(x), p2(x), p3(x), p4(x), and p5(x), which are all functions of an independent variable x, then for a fixed value of x the logarithm of the odds of answering in a certain way can be expressed as follows:
Very bad:    [image: ]
Very bad or bad:    [image: ]
Very bad, bad, or moderate:    [image: ]
Very bad, bad, moderate or good:    [image: ]
The proportional odds assumption states that the number added to each logarithm to obtain the next logarithm is the same regardless of x. Ordered logit can be derived from a latent variable model, similar to the binary logistic regression model. The latent model is expressed as follows:
[image: ]
where y* is the unobserved dependent variable, x is the vector of independent variables, ε is a nuisance variable assumed to follow a standard logistic distribution, and β is the vector of regression coefficients to be estimated. Because y* cannot be observed directly, only the response category y is observed as follows:
[image: ]
Parameter μi is the externally imposed endpoint of the observable category. The ordered logit technique uses observations on y, which represent censored data on y*, to fit the parameter vector β. In the empirical model of this study, the independent variables in the ordered growth model were internet use, e-commerce, and profit.
3. RESULTS AND DISCUSSION
3.1 Basic Determinants of Online Business Adoption
The first binary logit model examined whether respondent characteristics and basic business factors were associated with the tendency of SMEs to conduct online business. The model was statistically significant based on the likelihood ratio statistic, and the McFadden R-squared indicates that the explanatory variables provide meaningful improvement over the restricted model. The coefficients and odds ratios are presented in Table 2.
Table 2. Binary logit estimation: Model 1
	Variable
	Coefficient
	Std. Error
	z-Statistic
	Prob.
	Odds ratio

	C
	-4.440161
	2.057203
	-2.158349
	.031
	—

	GENDER
	-0.441540
	0.705442
	-0.625905
	.531
	0.643

	AGE
	-0.492232
	0.431238
	-1.141439
	.254
	0.611

	EDU
	0.787235
	0.360092
	2.186207
	.029
	2.197

	OMZET
	1.45E-07
	7.11E-08
	2.039113
	.041
	1.000

	DISTANCE
	0.001634
	0.016868
	0.096870
	.923
	1.002

	DURATION
	0.484784
	0.137026
	3.537896
	< .001
	1.624


Notes: Dependent variable = ONLINE. Method = ML - Binary Logit. Convergence achieved after 6 iterations. Odds ratios are calculated as exp(coefficient) to support interpretation. McFadden R-squared = 0.415509; LR statistic = 39.49988; Prob(LR statistic) < .001; total observations = 200.
Table 2 shows that education, turnover, and duration of Wi-Fi use were significant determinants of online business adoption. The odds ratio for education indicates that SMEs managed by respondents with higher education have higher odds of adopting online business, holding other variables constant. The odds ratio for duration also suggests that longer exposure to hamlet Wi-Fi is associated with a higher likelihood of online adoption. The coefficient of turnover is positive, although its odds ratio is close to one because turnover is measured in currency units; therefore, the substantive effect should be interpreted in relation to meaningful changes in business turnover rather than per single rupiah.
Gender and age had negative coefficients but were not statistically significant. Because GENDER was coded as 1 for female and 0 for male, the negative sign suggests lower odds of online adoption among female respondents relative to male respondents, although this relationship cannot be concluded statistically. The negative coefficient for AGE suggests that older age categories may be less likely to adopt online business, but the effect is also not statistically significant. These non-significant findings imply that demographic characteristics alone are not sufficient to explain SME digital adoption in the sample.
Table 3. Goodness-of-fit evaluation: Model 1
	Test
	Statistic
	Distribution
	Probability

	Hosmer-Lemeshow statistic
	7.6149
	Prob. Chi-Sq(8)
	.472

	Andrews statistic
	45.8293
	Prob. Chi-Sq(10)
	< .001


The Hosmer-Lemeshow probability of 0.4720 suggests that Model 1 does not show a poor fit under this test. However, the Andrews statistic was significant, so the model should still be interpreted carefully. For policy interpretation, the most consistent evidence from Model 1 is that education, sales turnover, and duration of Wi-Fi use support the adoption of online business activity.
3.2 Wi-Fi Quality, E-business Use, and Innovation
The second binary logit model focused on Wi-Fi-related factors and digital business practices. The overall model was statistically significant (LR statistic = 47.73029; P < .001), indicating that the set of digital infrastructure and business-use variables is associated with online business adoption. The inclusion of odds ratios in Table 4 helps clarify the magnitude of each association, although large odds ratios should be interpreted cautiously because several predictors are ordinal indicators.
Table 4. Binary logit estimation: Model 2
	Variable
	Coefficient
	Std. Error
	z-Statistic
	Prob.
	Odds ratio

	C
	-7.140359
	4.910302
	-1.454159
	.146
	—

	OMZET
	2.93E-07
	1.24E-07
	2.361047
	.018
	1.000

	ACCESS
	1.259419
	1.082428
	1.163514
	.245
	3.523

	SPEED
	2.311646
	1.130386
	2.045006
	.041
	10.091

	STABLE
	1.783941
	1.045128
	1.706912
	.088
	5.953

	FREQ
	0.785527
	0.760696
	1.032642
	.302
	2.194

	EBIS
	5.134534
	1.725753
	2.975242
	.003
	169.785

	SALE
	4.499944
	1.494228
	3.011552
	.003
	90.012

	INOV
	3.737798
	1.184286
	3.156163
	.002
	42.005


Notes: Dependent variable = ONLINE. Method = ML - Binary Logit. Convergence achieved after 7 iterations. Odds ratios are calculated as exp(coefficient) to support interpretation. McFadden R-squared = 0.502087; LR statistic = 47.73029; Prob(LR statistic) < .001; total observations = 200.
The results in Table 4 show that turnover remained significant (P = .018), while access speed, Wi-Fi use for e-business, online sales, and innovation were significant determinants of online business adoption. EBIS had the largest odds ratio, indicating that SMEs using Wi-Fi for e-business activities had substantially higher odds of adopting online business than SMEs with weaker e-business use. Online sales and innovation also showed strong positive associations, confirming that online adoption is closely connected with productive use of digital channels rather than access alone. These results should be understood as associations because online sales, innovation, and online adoption may influence one another in a cross-sectional setting.
Access speed was significant at the 5% level (P = .041), while stability was positive and marginally significant (P = .088). Ease of access and frequency of Wi-Fi use were positive but not statistically significant. These results suggest that simply using Wi-Fi frequently is not sufficient; what matters more is whether the connection supports actual e-business activity, reliable sales, and innovation. This finding is consistent with the broader argument that digital infrastructure must be accompanied by digital skills, business capability, and market-oriented use of technology.
Table 5. Goodness-of-fit evaluation: Model 2
	Test
	Statistic
	Distribution
	Probability

	Hosmer-Lemeshow statistic
	19.5860
	Prob. Chi-Sq(8)
	.012

	Andrews statistic
	63.7325
	Prob. Chi-Sq(10)
	< .001


The goodness-of-fit tests for Model 2 indicate that the model is statistically informative but should be interpreted cautiously. The significant Hosmer-Lemeshow and Andrews tests suggest that the fitted probabilities may not perfectly match all observed risk groups. Therefore, the revised interpretation emphasizes the direction and significance of key associations rather than overclaiming predictive accuracy. This limitation supports the need for future studies using larger samples, additional diagnostics, and marginal-effect estimation.
3.3 Digital Practices and SME Growth
The ordered logit model estimated the relationship between digital practices and the ordinal category of business growth. The model was statistically significant overall (LR statistic = 30.97388; P < .001), with a pseudo R-squared value of 0.169960. The explanatory variables were internet use, e-commerce, and profit.
Table 6. Ordered logit estimation: SME growth model
	Variable
	Coefficient
	Std. Error
	z-Statistic
	Prob.

	INTERNET
	0.391518
	1.186542
	0.329965
	.741

	ECOMMERCE
	4.562104
	1.352459
	3.373191
	< .001

	Threshold 1 (GROWTH ≤ 3)
	9.450981
	3.491311
	2.707001
	.007

	Threshold 2 (GROWTH ≤ 4)
	13.049970
	3.542315
	3.684022
	< .001


Notes: Dependent variable = GROWTH. Method = ML - Ordered Logit. Convergence achieved after 18 iterations. Pseudo R-squared = 0.169960; LR statistic = 30.97388; Prob(LR statistic) < .001. The duplicated PROFIT row reported in the previous version was removed from substantive interpretation because it repeated the INTERNET statistics exactly and could not be independently verified from the available model output. A corrected estimate should be added if the original dataset or statistical output is rechecked.
Table 6 shows that e-commerce was positive and statistically significant (coefficient = 4.562104; P < .001), while general internet use was not significant. This indicates that higher SME growth categories are more strongly associated with e-commerce activity than with internet access alone. The previously reported PROFIT line was not interpreted in the revised manuscript because it duplicated the INTERNET estimate exactly, suggesting a reporting or output-copying problem that requires verification using the original statistical output. Consequently, the growth-model conclusion is limited to the verified variables shown in the revised table.
3.4 Discussion and Policy Implications
The findings show that the digital economy can support rural SME development when three conditions are present: adequate infrastructure, human capability, and productive business use of digital tools. The positive association between education and online adoption suggests that human capital helps entrepreneurs understand and apply digital opportunities. The significant association between duration of Wi-Fi use and online adoption implies that infrastructure exposure may become more valuable when entrepreneurs have time to learn and integrate it into business routines. However, the non-significant effects of age, gender, distance, access ease, and frequency of use show that demographic characteristics and simple connectivity indicators are not sufficient to explain digital business adoption.
These results are consistent with the argument that digital technologies create opportunities for value creation, innovation, and business model transformation (Amit & Han, 2017; von Briel et al., 2018; Rietveld, 2018; Tortora et al., 2021). The findings also support studies emphasizing that firms need digital capabilities and adaptive business models in response to technological change (Ritter & Pedersen, 2020; Berger et al., 2021). In this study, e-commerce, online sales, and innovation were more important than general internet use, suggesting that the benefits of rural connectivity depend on how digital tools are embedded into revenue-generating activities. This interpretation is also consistent with rural digital divide literature, which argues that access, skills, and meaningful use should be addressed together.
For the Sleman context, the hamlet Wi-Fi program has strategic potential as a component of smart district development. Nevertheless, the empirical results suggest that public Wi-Fi infrastructure should be integrated with programs that help SMEs use digital tools for sales, marketing, customer communication, online payment, inventory management, and financial management. Policy recommendations should therefore be framed as implications from statistical associations rather than causal claims. Local government, universities, and platform providers can collaborate to provide e-commerce onboarding, digital marketing training, cyber-risk awareness, and continuous assistance for SMEs that are beginning to shift from offline to online business.
From a managerial perspective, SME owners should treat digitalization as a business transformation process rather than merely as internet use. Firms that combine Wi-Fi access with online sales and innovation are more likely to move toward online business and higher growth categories. Therefore, SMEs need to develop digital routines such as product catalog management, social media marketing, e-commerce store management, digital payment use, customer response systems, and data-based sales evaluation. These routines may help SMEs convert connectivity into measurable performance outcomes.
4. Conclusions
The study found that rural SME digitalization is associated with both access to digital infrastructure and the ability to use that infrastructure for productive business purposes. Among SMEs located around hamlet Wi-Fi facilities in Sleman Regency, education, turnover, and duration of Wi-Fi use were significantly associated with online business adoption. Wi-Fi-related e-business use, online sales, innovation, and access speed also showed significant positive associations with adoption of online business practices. The ordered logit results indicated that e-commerce was significantly associated with higher business growth categories, while general internet use alone was not significant. These findings suggest that connectivity is not sufficient by itself; rural SMEs need digital skills, market-oriented use of online platforms, innovation, and practical support for e-commerce. Because the study is cross-sectional, the results should be interpreted as empirical associations rather than evidence of causality.
Limitations
This study used cross-sectional survey data from 200 SMEs located around hamlet Wi-Fi facilities in Sleman Regency, which limits causal interpretation and wider generalization. The results may also be influenced by the use of purposive sampling and self-reported survey responses. Although the revised manuscript clarifies variable coding and provides odds ratios for binary logit interpretation, marginal effects and a formal proportional-odds test were not available from the submitted output. The significant goodness-of-fit tests in Model 2 indicate that some fitted probabilities may not fully match observed response patterns, so the results should be interpreted cautiously. The duplicated PROFIT estimate in the earlier ordered logit table was removed from interpretation because it could not be independently verified from the available output. Future research should use raw microdata, panel designs, broader samples, sector-wise analysis, validated multi-item measures of digital capability, and complete model diagnostics.
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