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Abstract
In developing countries, large-scale infrastructure projects are often perceived as catalysts for economic growth and urban integration. However, such developments can also lead to uneven benefits across regions and sectors, particularly for micro and small-scale enterprises that rely on localised demand. Major infrastructure projects, such as toll roads, can disrupt local economic ecosystems by altering accessibility and consumer flow. This study investigates the sustainability of Micro, Small, and Medium Enterprises (MSMEs) in Perbaungan, North Sumatra, following the construction of the Trans-Sumatra Toll Road, which diverted traffic away from traditional commercial hubs like Pasar Bengkel. A sample size of 60 MSMEs was determined using Slovin’s formula, assuming a population of 150 registered businesses and a 10% margin of error. Using a mixed-method approach that combines Structural Equation Modelling (SEM) with SWOT analysis, the research evaluates the effects of transportation infrastructure, government policy, and adaptive capacity on MSME sustainability. Findings reveal that adaptive capacity is the most significant predictor of MSME resilience (path coefficient = 0.784), followed by government policy (0.330), while infrastructure development exerts minimal direct influence (0.136). SWOT results position MSMEs in Quadrant II (diversification strategy), highlighting strengths in innovation and digital adoption, but weaknesses in market access and logistics. Opportunities include integration into toll road rest areas and supportive policy frameworks, while key threats involve declining foot traffic and exclusion from spatial planning. Using bootstrapping (5000 samples), the inner model assessed the causal impact of independent variables (X1, X2, X3) on the dependent variable (Y). The results indicate that adaptive capacity (X3) has the highest standardised coefficient and significance, followed by government policy (X2). This research underscores the importance of spatially-informed, participatory regional planning to ensure MSME survival amidst macro-infrastructure transitions. The study contributes to the discourse on place-based development and dynamic capabilities, offering actionable policy insights for inclusive, adaptive economic planning in peri-urban Indonesia.
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I. Introduction
Transportation infrastructure plays a pivotal role in shaping regional economic landscapes by enhancing connectivity, reducing transaction costs, and facilitating the movement of goods and people (Banister & Berechman, 2001; Lall & Chakravorty, 2005). In developing countries, large-scale infrastructure projects are often perceived as catalysts for economic growth and urban integration. Investments in urban infrastructure drive job creation, improve labour productivity,   reduce operational costs, and enhance overall economic competitiveness (Hope et al., 2025). However, such developments can also lead to uneven benefits across regions and sectors, particularly for micro and small-scale enterprises that rely on localised demand (Baldwin & Venables, 2010). As infrastructure expands, local economies must adapt to shifting spatial and economic geographies to remain competitive.
Micro, Small, and Medium Enterprises (MSMEs) are especially vulnerable to disruptions caused by infrastructure changes. These enterprises typically operate in informal sectors with limited buffers against fluctuations in consumer flow and supply chain realignment (Ayyagari, Beck, & Demirguc-Kunt, 2007). Since MSMEs constitute the backbone of the economy in many developed and developing countries, more research is needed to discuss the sustainable development of MSMEs in the globalised and digitalised world (Cueto et al., 2022). Toll roads, while beneficial for regional logistics, often divert traffic away from traditional marketplaces, leading to declining sales and reduced visibility for MSMEs. Without adaptive strategies, such shifts can marginalise MSMEs and threaten local economic resilience (Rahayu & Kipuw, 2020). As the globe moves towards a period after the pandemic, it is crucial to prioritise the development of resilience in MSMEs to guarantee their long-term viability and ability to endure future disturbances. For MSMEs, resilience entails not only surviving but also flourishing in a swiftly evolving context. Developing resilience requires a comprehensive strategy that encompasses financial stability, adaptability in operations, embracing digital change, and implementing sustainable business practices (Kumar Sahoo et al., 2025).  
MSMEs constitute over 90% of business entities in Indonesia and contribute significantly to employment and GDP (BPS, 2022). Their role in fostering inclusive economic development, especially in semi-urban and rural areas, has made them a focus of national development agendas (Raharti et al., 2020). However, despite their importance, MSMEs often struggle to adapt to macro-structural changes such as highway development due to limited digital literacy, weak institutional support, and spatial exclusion. This necessitates a more integrated planning approach that positions MSMEs within broader infrastructure and spatial frameworks.
Regional planning frameworks are vital for ensuring that infrastructure investments translate into inclusive economic benefits. Spatially-sensitive planning can mitigate the negative externalities of large-scale projects by integrating vulnerable sectors, such as MSMEs, into new economic nodes like rest areas or service corridors. In contexts where top-down infrastructure development dominates, participatory spatial planning becomes essential to balance economic efficiency with equity. Unfortunately, many local governments lack the institutional mechanisms to incorporate MSME needs into spatial policy design.
One of the most promising avenues for MSME adaptation lies in digital transformation. E-commerce platforms, digital payment systems, and social media marketing can extend MSME market reach beyond traditional foot traffic. Studies show that digital adoption significantly enhances MSME competitiveness in disrupted environments (Sahoo & Mohanty, 2025; Azizah et al., 2024). However, many MSMEs, particularly in peripheral areas, still face technological, infrastructural, and capacity-based barriers to digitalisation, limiting their resilience to spatial and economic shifts.
The Trans-Sumatra Toll Road, specifically the Medan–Tebing Tinggi segment, has significantly altered transportation flows in Serdang Bedagai Regency. Traditional economic hubs such as Pasar Bengkel have experienced a sharp decline in customer visits due to the redirection of traffic to the toll route. Local MSMEs—particularly those producing iconic products like dodol Bengkel—now face decreased visibility and disrupted supply chains. These conditions underscore the urgency of strategic planning interventions that are both spatially contextual and enterprise-sensitive.
Although previous studies have examined the macroeconomic impacts of toll roads (Sembiring & Anas, 2019), few have focused on the micro-level effects on MSME sustainability in secondary cities or rural-urban transition zones. Moreover, existing frameworks often overlook the interplay between adaptive capacity, government policy, and infrastructure accessibility. There is also a lack of empirical models that combine quantitative and strategic dimensions—such as SEM with SWOT—to assess and plan for MSME resilience. This gap limits the relevance of past findings for regional policymaking.
This study is grounded in the dynamic capabilities theory, which emphasises the ability of firms to adapt, integrate, and reconfigure internal and external competencies in rapidly changing environments (Teece et al., 1997). Coupled with place-based development theory, the study underscores the role of localised planning in shaping enterprise-level outcomes. The integration of these frameworks provides a robust lens through which to understand and influence MSME sustainability amid spatial transformations (Ptak-Chmielewska & Chłoń-Domińczak, 2021).
This research aims to analyse the influence of transportation infrastructure, government policy, and MSME adaptive capacity on enterprise sustainability in Perbaungan, Indonesia. Using a hybrid method that combines Structural Equation Modelling (SEM) with SWOT analysis, the study tests causal pathways and formulates spatial planning strategies. The geographic focus on Pasar Bengkel offers a valuable case for understanding the socio-spatial dynamics of infrastructure disruption in Indonesia’s peri-urban zones. The findings are designed to inform regional planning and MSME policy design at both local and national levels.
[bookmark: _GoBack]The remainder of this article is organized as follows: Section 2 reviews relevant theoretical and empirical literature; Section 3 outlines the research methodology, including data collection and SEM-SWOT framework; Section 4 presents the results and analysis; Section 5 discusses the findings in relation to existing literature and regional planning implications; and Section 6 concludes with strategic recommendations for policymakers and MSMEs operating in transitional infrastructure zones.
II. Method 
2.1 Research Design
This study adopts a mixed-methods explanatory design, combining quantitative statistical modelling with qualitative strategic analysis to explore the factors affecting the sustainability of MSMEs amid transportation infrastructure changes. The approach integrates Structural Equation Modelling (SEM) for causal inference and SWOT analysis for formulating adaptive strategic responses. This dual-method design enables a comprehensive understanding of both measurable impacts and strategic implications, particularly relevant for regional planning and policy interventions.
2.2 Study Area and Context
The research was conducted in Pasar Bengkel, located in Kecamatan Perbaungan, Kabupaten Serdang Bedagai, North Sumatra. This traditional economic node, previously situated along the strategic Jalan Lintas Sumatera, experienced significant disruption after the completion of the Trans-Sumatra Toll Road (Medan–Tebing Tinggi section). This context provides a natural experimental setting to assess how diverted traffic flows affect local MSME ecosystems, offering insight into spatial-economic transformation in peri-urban areas.
2.3 Sampling and Data Collection
The target population consists of active MSME owners who had been operating before and after the toll road construction. A sample size of 60 MSMEs was determined using Slovin’s formula, assuming a population of 150 registered businesses and a 10% margin of error. The sampling technique employed was purposive sampling, targeting businesses significantly affected by infrastructure changes.
Three primary data sources were used:
· Structured surveys administered using Likert-scaled instruments (1–5), covering perceptions of infrastructure, policy support, adaptive behaviour, and sustainability.
· In-depth interviews with MSME actors, local government officials, and toll road managers to contextualise quantitative findings.
· Observational field notes documenting the spatial, logistical, and operational shifts in Pasar Bengkel.
Secondary data sources included:
· Citra Google Maps (2016, 2020, 2024) for visualising spatial changes in accessibility and economic activity.
· Traffic volume reports and regional economic reports from BPS Kabupaten Serdang Bedagai (2019–2023).
2.4 Variable Definitions and Operationalisation
Chart 1: The study structured around three independent variables and one dependent variable
	Code
	Variable
	Operational Definition

	X₁
	Transportation Infrastructure
	Perceived change in physical accessibility, market reach, and traffic volume post-toll road.

	X₂
	Government Policy
	Institutional support, regulations, and incentives aimed at assisting local MSMEs.

	X₃
	Adaptive Capacity
	MSMEs' ability to implement digital tools, diversify products, or relocate strategically.

	Y
	MSME Sustainability Strategy
	Business longevity, revenue consistency, customer retention, and market expansion efforts.



2.5 SEM Analysis Procedure
The quantitative model was estimated using Partial Least Squares SEM (PLS-SEM). The SEM approach was chosen for its ability to model latent variables and complex causal relationships in relatively small samples (Hair et al., 2019). The SEM process followed three major stages:
1. Model Specification
Path models were constructed to represent direct and indirect effects among X₁, X₂, X₃, and Y.
2. Measurement Model Evaluation
Outer loadings, Cronbach’s alpha, and Average Variance Extracted (AVE) were computed to assess indicator reliability and construct validity. Validity thresholds were set at >0.7 for loadings and >0.5 for AVE.
3. Structural Model Evaluation
The inner model was assessed using path coefficients, t-statistics, and R² values to determine explanatory power and causal significance.
2.6 SWOT Analysis
To complement SEM results, a SWOT matrix was constructed using aggregated responses and interview transcripts. The analysis aimed to diagnose MSME positioning within a strategy typology. Internal and external factors were organised into IFAS (Internal Factor Analysis Summary) and EFAS (External Factor Analysis Summary) matrices. The SWOT matrix then classified MSMEs into strategic quadrants, where Quadrant II (WO strategy) emerged as dominant, indicating high opportunity yet significant internal weaknesses.
2.7 Validity and Reliability
Quantitative instruments underwent content validation by academic reviewers and field practitioners. Pearson’s Product Moment was used to validate survey items (r-table = 0.254 at 95% CI), while Cronbach’s alpha reliability scores ranged from 0.786 to 0.841, indicating high internal consistency.

3. RESULTS AND DISCUSSION
3.1 Descriptive Overview of MSME Respondents
The primary data in this study were obtained from 60 MSME respondents in Pasar Bengkel, selected purposively due to their exposure to infrastructure disruption from the Medan–Tebing Tinggi toll road. The businesses are predominantly engaged in traditional snack and souvenir production, with 65% focusing on food-based enterprises, primarily dodol and keripik. Most businesses have been operating for over five years, with a deep dependency on foot traffic and passing travellers from the previously bustling Jalan Lintas Sumatera.
Post-construction of the toll road, approximately 80% of MSMEs reported a notable decline in both daily customer visits and sales turnover, citing the rerouting of vehicular traffic as the primary cause. A striking observation is the limited adoption of digital tools, with only 32% utilising any form of e-commerce or digital marketing. Businesses that had adopted digital platforms noted better adaptability and sales performance compared to their traditional counterparts.
Table 1. Descriptive Statistics of MSME Respondents (n=60)
	Variable
	Category
	Percentage (%)

	Type of Business
	Food Production (dodol, snacks)
	65%

	
	Handicrafts, souvenirs
	20%

	
	Others (services, clothing)
	15%

	Years in Operation
	5+ years
	76%

	
	2–5 years
	21%

	
	<2 years
	3%

	Digital Tool Utilisation
	Yes
	32%

	
	No
	68%

	Perceived Sales Decline
	Yes (post-toll road)
	83%

	
	No
	17%

	Source of Adaptation Support
	Government
	24%

	
	Peer Network
	18%

	
	None
	58%



The descriptive data support the hypothesis that MSMEs in Pasar Bengkel are deeply affected by infrastructure change and that digital and institutional gaps have amplified the impact. This section provides foundational context for the SEM model and SWOT analysis to follow.
3.2 Structural Equation Modelling (SEM) Results
3.2.1 Outer Model: Validity and Reliability Assessment
The measurement model was evaluated using composite reliability (CR), Cronbach’s alpha, and Average Variance Extracted (AVE). Results showed high internal consistency and convergent validity for all constructs. The threshold of CR > 0.70 and AVE > 0.50 was met, confirming that latent variables were measured appropriately. Items with outer loadings below 0.70 were removed during model purification.
Table 2. Construct Reliability and Validity
	Latent Variable
	Cronbach’s Alpha
	Composite Reliability
	AVE

	Transportation Infrastructure (X1)
	0.812
	0.837
	0.612

	Government Policy (X2)
	0.841
	0.859
	0.648

	Adaptive Capacity (X3)
	0.888
	0.904
	0.675

	MSME Sustainability (Y)
	0.861
	0.889
	0.633



These metrics indicate the instrument was statistically sound, supporting the reliability of subsequent structural evaluations. The use of SmartPLS also allowed modelling with a sample size under 100, a benefit of PLS-SEM.
3.2.2 Inner Model: Path Coefficients and Hypothesis Testing
Using bootstrapping (5000 samples), the inner model assessed the causal impact of independent variables (X1, X2, X3) on the dependent variable (Y). The results indicate that adaptive capacity (X3) has the highest standardised coefficient and significance, followed by government policy (X2). In contrast, transportation infrastructure (X1) showed a weak and non-significant direct impact.
Table 3. Path Coefficients and Significance Testing
	Hypothesis
	Path
	Coefficient
	t-value
	p-value
	Significance

	H1
	X1 → Y (Infrastructure)
	0.136
	1.27
	0.202
	No

	H2
	X2 → Y (Policy Support)
	0.330
	2.71
	0.007
	Yes

	H3
	X3 → Y (Adaptation)
	0.784
	6.02
	<0.001
	Yes***

	H4
	R² for Y
	0.687
	—
	—
	—


The R² value of 0.687 indicates that 68.7% of the variance in MSME sustainability is explained by the three predictors. The dominant effect of adaptive capacity underscores the strategic value of digital transformation and innovation in helping MSMEs weather economic shocks.
These findings support the argument that infrastructure alone cannot guarantee local economic resilience; it must be coupled with policy mechanisms and firm-level readiness.
3.3 SWOT Analysis: Strategic Mapping of MSME Position
To complement quantitative modelling, SWOT analysis was conducted using stakeholder interviews and survey data. This strategic diagnostic identified internal strengths/weaknesses and external opportunities/threats, allowing classification into strategic quadrants.
Table 4. IFAS and EFAS Matrices
	Factor
	Category
	Weight
	Rating
	Score

	Strong product identity (e.g., dodol Bengkel)
	Strengths
	0.25
	4
	1

	Flexibility in pricing and production
	Strengths
	0.15
	3.5
	0.53

	Loyal customer base (historical)
	Strengths
	0.1
	3
	0.3

	Total Strength
	Strengths Total
	
	
	1.83

	Lack of digital infrastructure and skills
	Weaknesses
	0.3
	2
	0.6

	Reduced traffic flow due to the toll road
	Weaknesses
	0.25
	2.5
	0.63

	Logistic barriers post-toll
	Weaknesses
	0.1
	2
	0.2

	Total Weakness
	Weaknesses Total
	
	
	1.43

	Government support programs (rest area integration)
	Opportunities
	0.3
	4
	1.2

	Expansion via e-commerce platforms
	Opportunities
	0.25
	3.5
	0.88

	Domestic tourism growth
	Opportunities
	0.15
	3.5
	0.53

	Total Opportunity
	Opportunities Total
	
	
	2.61

	Displacement by larger vendors in rest areas
	Threats
	0.2
	2.5
	0.5

	Limited involvement in spatial planning
	Threats
	0.2
	2
	0.4

	Policy fragmentation at the local level
	Threats
	0.1
	2
	0.2

	Total Threat
	Threats Total
	
	
	1.1









Strategic Quadrant Determination
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Fig. 1: Determination of Strategic Quadrant 
Based on IFAS (1.83–1.43 = +0.40) and EFAS (2.61–1.10 = +1.51) scores, the SWOT matrix places Pasar Bengkel MSMEs in Quadrant II (WO Strategy) — high opportunity, internal weakness. This diagnosis implies the need for a diversification and capacity-building strategy.
Key strategic recommendations include:
· Partnering with MSMEs with e-commerce and digital platform providers for training.
· Coordinating with toll operators and the government to allocate dedicated MSME zones in rest areas.
· Enhancing spatial policy inclusion to prevent economic marginalisation.
4.1 Interpreting the Role of Adaptive Capacity in MSME Resilience
The most significant finding of this study is the dominant role of adaptive capacity in shaping the sustainability of MSMEs affected by infrastructure changes. With a path coefficient of 0.784, adaptive behaviour—such as digitalisation, product diversification, and market repositioning—emerged as the strongest predictor of business resilience. This aligns with the Dynamic Capabilities Theory, which emphasises that firms survive in turbulent environments by reconfiguring resources, integrating new knowledge, and developing responsive strategies (Teece et al., 1997).
In the context of Perbaungan, MSMEs that had access to digital tools or demonstrated willingness to adjust distribution channels exhibited relatively better performance post toll-road development. This confirms the observations by Harnida et al. (2024) and Sahoo & Mohanty (2025), who highlighted digital adoption as a cornerstone of modern MSME competitiveness. It further echoes Jeje (2020), who argued that strategic planning in MSMEs must decouple traditional reliance on physical foot traffic and instead embrace hybrid market systems.
These findings suggest that capacity development—particularly in digital literacy and market intelligence—is not a supplementary option but a core requirement for MSME continuity in infrastructure transition zones.
4.2 The Limited Direct Impact of Infrastructure and the Critical Role of Policy
Interestingly, the structural model revealed that transportation infrastructure (X1) had a statistically insignificant direct effect on MSME sustainability (β = 0.136; p > 0.05). This result contradicts traditional development assumptions that link infrastructure directly with enterprise growth. The disconnect here reflects a broader challenge in spatial justice: while macroeconomic gains from toll roads are evident, microeconomic actors like MSMEs are often excluded unless specific mechanisms are created for inclusion (Rahayu & Kipuw, 2020).
By contrast, government policy (X2) had a moderate but significant influence (β = 0.330), indicating the importance of enabling frameworks that bridge infrastructure benefits to small enterprises. This supports the findings of Adriani & Wiksuana (2018), who noted that policy instruments—such as financial incentives, training programs, and infrastructure co-location—are essential for translating macro gains into local impact.
The implication is that infrastructure should not be treated as an isolated driver, but must be embedded within participatory, inclusive planning frameworks that consider the locational dynamics of small businesses.
4.3 Strategic Implications of the SWOT–SEM Integration
The integration of SEM results with SWOT analysis places MSMEs in Quadrant II (WO strategy), which reflects high opportunity but internal weaknesses. This strategic positioning underscores the paradox faced by Pasar Bengkel’s MSMEs: they are surrounded by potential (rest area access, government incentives, digital markets) but lack the internal capacity to capitalise on it.
The SWOT analysis highlighted that:
· Strengths (e.g., product uniqueness and customer loyalty) are insufficient without digital access.
· Weaknesses (e.g., digital illiteracy, poor logistics) remain unaddressed due to limited state–market coordination.
· Opportunities (e.g., e-commerce and government support) are largely unexploited due to institutional and knowledge gaps.
· Threats (e.g., spatial exclusion, competition in rest areas) persist due to a lack of participatory planning.
The intersection of these factors calls for a dual-action strategy:
1. Internal Development: Enhance MSME readiness through technology adoption, marketing innovation, and operational training.
2. External Alignment: Formalise public-private partnerships to integrate MSMEs into rest area supply chains and regional branding initiatives.
These findings reinforce recommendations from Marpaung & Soesilowati (2021) that local economic systems must be horizontally integrated—where MSMEs are not passive beneficiaries but strategic participants in infrastructure-driven transformation.
4.4 Policy and Theoretical Implications
From a theoretical perspective, this study validates the place-based development approach, which argues that regional policies must be customised to the territorial assets and constraints of each locality (Barca et al., 2012). MSMEs in Pasar Bengkel are embedded in a specific spatial history and cultural economy that cannot be substituted by generic policy interventions.
Policymakers should move beyond the traditional “infrastructure equals growth” paradigm and adopt spatially intelligent development models. This includes:
· Embedding MSME access clauses in toll road contracts
· Mandating UMKM zones in all rest areas
· Establishing municipal innovation hubs for MSMEs
· Leveraging GIS and digital mapping to redesign logistics and visibility for MSMEs off the toll-road grid
On a broader level, this study contributes to urban periphery economic theory, offering empirical evidence that peri-urban zones—often overlooked—are key testing grounds for policy adaptation and hybrid infrastructure-market integration.
5. Conclusions and Recommendations
5.1 Conclusions
This study explored the sustainability of MSMEs in Pasar Bengkel, Perbaungan, following the infrastructural transition triggered by the construction of the Trans-Sumatra Toll Road. Using a mixed-methods approach—combining Structural Equation Modelling (SEM) and SWOT strategic analysis—the study examined how transportation infrastructure, government policy, and adaptive capacity affect local business resilience.
Findings reveal that adaptive capacity is the most influential factor (β = 0.784) in determining MSME sustainability. Enterprises with higher levels of innovation, digital engagement, and flexibility were better equipped to survive the economic realignment. Government policy (β = 0.330) also played a significant role, particularly when support programs were localised and responsive to actual MSME needs. In contrast, transportation infrastructure (β = 0.136) had no significant direct effect, suggesting that infrastructure development alone does not ensure inclusive economic growth for peripheral actors.
SWOT analysis further positioned local MSMEs in Quadrant II (WO strategy)—highlighting untapped opportunities but also internal weaknesses. Key gaps included a lack of digital skills, weak institutional engagement, and poor adaptation to spatial exclusion from toll-based commercial routes. Conversely, opportunities such as rest area integration and e-commerce expansion present viable pathways for regeneration—if properly activated through policy and capacity building.
In essence, MSME sustainability in infrastructure transition zones is not merely a function of physical access, but of strategic alignment between firm capabilities, government support, and spatial policy inclusion.
5.2 Recommendations
To ensure the sustainability of MSMEs amid infrastructure-induced economic shifts, immediate attention should be directed toward enhancing digital capacity and spatial inclusion. Government agencies at the local and provincial levels must develop targeted digital transformation programs that empower MSMEs with skills in e-commerce, digital marketing, and electronic payment systems. Such interventions should be inclusive, particularly for vulnerable groups such as older entrepreneurs and women-led businesses. Simultaneously, regional planners should revise spatial policies to explicitly integrate MSME corridors into toll road ecosystems. This includes allocating zones in rest areas for local product kiosks, embedding MSME considerations in spatial development plans (RTRW/RDTR), and mandating participatory processes that give voice to small business stakeholders in infrastructure planning.
Additionally, institutional efforts must prioritise the formation of sector-based MSME clusters supported by innovation hubs, shared logistics infrastructure, and branding assistance. Collaboration between MSMEs and toll road authorities—such as quota systems or procurement partnerships—can restore market access lost due to traffic diversion. At the macro-policy level, a data-driven monitoring framework should be established to track MSME resilience metrics, enabling real-time policy adjustment and performance evaluation. By combining internal capacity building with external policy alignment, these strategies offer a robust pathway to bridge infrastructure development with inclusive local economic growth.
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