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Abstract
This study evaluates the effectiveness of the Medan Station Road Overpass in reducing traffic congestion in the urban core of Medan City (North Sumatra, Indonesia). Using a quasi-experimental Before–After design and mixed methods, we compared traffic performance before and after the overpass began operation using peak-hour surveys (morning, midday, and afternoon) and road-user perception data (n = 120) supported by stakeholder interviews. Average vehicle speed increased by 41% across vehicle classes, while traffic volume increased by 11.8%, indicating improved traffic throughput and smoother flow on the corridor. Paired t-tests on aggregated peak-period indicators suggest statistically significant improvements in speed (p < 0.001) and an increase in volume (p = 0.049). User perceptions were positive: 85% of respondents reported improved traffic flow, 82% reported improved comfort, and 79% reported improved safety. However, capacity improvements may attract additional traffic over time (induced demand); therefore, complementary traffic management measures (curbside pick-up/drop-off control, parking regulation, and signal coordination) are recommended to preserve long-term benefits. A key limitation is the absence of a control corridor, which restricts causal attribution.
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I. Introduction
Traffic congestion is a complex problem that is increasingly worsening in major cities, including Medan. Alongside vehicle growth that has reached 9% per year over the last decade, limited road capacity has led to intensifying congestion, disrupting traffic flow and deteriorating residents’ quality of life (Lu. et al, 2021). In the urban core of Medan City, particularly around Medan Station, congestion has become a major issue due to the interaction between traffic flows and poorly regulated passenger boarding and alighting activities (Sitepu M, 2025). To address this problem, the construction of an overpass was selected as a solution to separate traffic flows and improve traffic efficiency.
The Medan Station Road Overpass was designed to resolve the convergence of traffic flows that previously disrupted vehicle movement at critical junctions. Prior to its construction, locations such as Jalan Pulau Pinang and Pasar Ikan Lama frequently experienced long queues and flow interruptions due to vehicles stopping haphazardly (Siregar, 2025). The lack of well-organized drop-off and pick-up facilities further exacerbated congestion in the area (Wang et al., 2024). Accordingly, the construction of this elevated road infrastructure was intended to reduce congestion and improve road service quality, particularly during peak hours.
Although the overpass is regarded as a technical solution to congestion, its long-term effects on road service quality and user experience still require comprehensive evaluation. This study aims to assess the effectiveness of the Medan Station Road Overpass by measuring changes in traffic conditions before and after the infrastructure was built. The evaluation of effectiveness includes technical parameters such as traffic volume, travel time, and degree of saturation (DS), which serve as key indicators in road performance analysis (Uribe, 2025).
The Before–After method is frequently used in studies assessing the impact of infrastructure changes on urban transport systems. This approach enables researchers to compare conditions prior to and following construction, thereby identifying the extent of change in road performance indicators (Lucas, 2022). This study also employs statistical methods such as paired t-tests and ANOVA to analyse quantitative data, as well as interviews with stakeholders to obtain qualitative insights into the social and economic impacts of the overpass (Saxena, 2024).
It is important to note that this evaluation not only examines technical aspects but also considers the impacts on road users and surrounding communities. User perceptions of comfort, safety, and traffic flow are central components in assessing the success of the infrastructure (Cafiso et al., 2021). As demonstrated in previous research in Yogyakarta, positive user perceptions are closely linked to improved comfort and travel efficiency (Irawan et al., 2021). Therefore, this study integrates quantitative and qualitative data to provide a more holistic understanding of the impact of the overpass.
In addition, the effects of the overpass on the local economy and community activities around the study area must also be taken into account. The development of transport infrastructure such as overpasses can enhance accessibility to central economic activity zones, thereby generating positive impacts on local economic growth (Cafiso et al., 2021). This consideration is crucial in regional and rural planning, as efficient infrastructure can improve community productivity and support economic development in surrounding areas (Husain et al., 2023).
Overall, the objective of this study is to provide a comprehensive evaluation of the effectiveness of the Medan Station Road Overpass in reducing traffic congestion. The research does not focus solely on technical aspects but also considers socio-economic factors and impacts on urban spatial structure. Such a comprehensive evaluation offers a robust evidence base for the Medan City government in formulating long-term transport policies that are evidence-based and sustainability-oriented (McLeod, 2022).
Effective transport planning policies must consider multiple dimensions, including multimodal integration, traffic management, and community participation in managing the social and economic impacts of infrastructure development (Yang et al., 2024). The construction of an overpass that is not accompanied by supporting policies—such as organized parking zones, traffic flow regulation, and the provision of public transport facilities—may simply shift congestion to other points in the road network (Irawan et al., 2021). Consequently, this study also analyses operational and policy aspects that can support the long-term effectiveness of the infrastructure.
Within the context of Regional and Rural Planning, this study underscores the importance of a holistic and integrative approach to planning and evaluating urban infrastructure development (Samosir, 2024). As vehicle numbers grow and the need for more efficient mobility increases, physical solutions such as overpasses must be balanced with adaptive traffic management and social policies that account for the needs of surrounding communities (Husain et al., 2023). Thus, this research is expected to make a significant contribution to the advancement of regional and rural planning science, particularly in the field of evidence-based transport policy evaluation.

II. Research Methods
This study employs a mixed-methods approach, combining quantitative and qualitative techniques with a Before–After Analysis model to assess the effectiveness of the Medan Station Road Overpass in reducing traffic congestion in the urban core of Medan City. This approach was chosen because it allows the researcher to compare traffic conditions, travel time, and user perceptions before and after the construction of the infrastructure, as well as to examine its impact on road performance, user experience, and socio-economic conditions in the surrounding area.
2.1 Research Approach
The approach used in this study is quasi-experimental with a Before–After design that measures differences in traffic and socio-economic conditions at two points in time, namely before and after the construction of the overpass. This approach enables the researcher to assess the impact of the overpass on traffic flow, travel time, and degree of saturation (DS), as well as to explore road users’ perceptions of comfort, safety, and traffic fluidity.
2.2 Research Location and Period
The study was conducted in the central area of Medan City, with a primary focus on the Medan Station Road Overpass, which connects Jalan Stasiun – Jalan Pulau Pinang – Jalan Pajak Ikan. This location was selected because it constitutes one of the main nodes connecting various economic, transport, and office activities in the city. The research was carried out from October to December 2024, covering field data collection, perception surveys, and interviews with relevant stakeholders.
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Figure 1. Research Location
2.3 Types and Sources of Data
2.3.1 Primary Data
Primary data in this study were obtained through traffic surveys and perception questionnaires distributed to road users, as well as in-depth interviews with stakeholders such as the Department of Transportation, the Public Works Department, business actors, and local residents.
· Traffic Survey: Used to measure changes in traffic volume, average vehicle speed, travel time, and degree of saturation (DS) during peak hours (morning, midday, and afternoon).
· Road User Perception Questionnaire: Used to capture users’ perceptions of comfort, safety, travel time efficiency, and the impact of the overpass on economic activity and accessibility in the surrounding area.
· In-Depth Stakeholder Interviews: Conducted with officers from the Department of Transportation, traders, and local residents to obtain their views on changes occurring after the construction of the overpass.
2.3.2 Secondary Data
Secondary data used in this study include:
· Traffic data from the Medan City Department of Transportation, including statistics on traffic volume, speed, and traffic accidents.
· Urban planning documents such as the Spatial Plan (RTRW), Detailed Spatial Plan (RDTR), and Medan City Transport Masterplan, which provide an overview of transport planning and infrastructure development.
· City statistics obtained from BPS Medan City, relating to motor vehicle growth, congestion levels, and local economic data.
2.4 Population and Sample
The population in this study consists of road users who pass through the Medan Station Road Overpass and local residents directly affected by traffic changes. The sample was selected using purposive sampling, with the following criteria:
· Respondents are road users who pass through the Medan Station Road Overpass at least three times per week.
· Respondents are familiar with traffic conditions both before and after the construction of the overpass.
The sample size was determined using Slovin’s formula, with a minimum of 120 respondents to ensure representative and valid results.
2.5 Data Collection Techniques
· Field Observation: Traffic surveys were carried out to measure traffic volume, speed, and travel time at three different times (morning, midday, afternoon) on weekdays (Monday, Friday, and Saturday). Measurements were conducted before and after the operation of the overpass to capture changes.
· Road User Perception Questionnaire: Questionnaires were distributed to 120 respondents using a 5-point Likert scale (1–5) to measure perceptions of comfort, safety, traffic fluidity, economic impacts, and accessibility.
· In-Depth Interviews: Interviews were conducted with relevant stakeholders (Department of Transportation, Public Works Department, traders, and residents) to explore the social and economic impacts of the overpass.
2.6 Data Analysis Techniques
2.6.1 Quantitative Analysis (Before–After)
Quantitative data obtained from traffic surveys were analysed using:
· Paired t-test to determine whether there are significant differences in indicators such as average speed, traffic volume, and travel time before and after the construction of the overpass.
· Two-Way Repeated Measures ANOVA to test differences between time slots (morning, midday, afternoon) and between periods (before and after construction).
2.6.2 Road User Perception Analysis
Data from the questionnaires were analysed using a Perception Index (IP) to measure the level of user satisfaction with comfort, safety, and accessibility after the construction of the overpass. The results are categorised into five levels of effectiveness: very ineffective, ineffective, moderately effective, effective, and very effective.
2.6.3 Qualitative Analysis (Stakeholders and Spatial Planning)
Interviews with stakeholders were analysed using thematic analysis to identify patterns of perception related to changes in urban spatial functions, impacts on economic activities, and views on traffic management policies.
2.7 Data Validity and Reliability
· Validity Test was conducted using Pearson Product–Moment correlation to ensure that the research instrument measures what it is intended to measure.
· Reliability Test was carried out using Cronbach’s Alpha. An alpha value greater than 0.7 indicates that the research instrument is reliable.
2.8 Research Flow
The research process followed these stages:
1. Identification of problems and research objectives
2. Collection of primary and secondary data
3. Quantitative (Before–After) and qualitative (user perception) data analysis
4. Assessment of effectiveness levels
5. Formulation of conclusions and regional planning policy recommendations
2.9 Limitation
The study does not include a comparable control corridor without an intervention; therefore, results should be interpreted as associations consistent with overpass operation rather than definitive causal effects.


3. Results and Discussion
3.1 General Overview of the Study Area
The Medan Station Road Overpass was constructed to reduce traffic congestion in the highly dense city centre. Before its development, the area frequently experienced severe congestion during peak hours, especially at the intersections of Jalan Pulau Pinang and Pasar Ikan Lama, which disrupted traffic flow and prolonged vehicle travel times. The overpass was expected to separate traffic flows by providing an elevated structure for fast-moving vehicles and an underpass for slower-moving or stopping vehicles (drop-off). The infrastructure was completed in December 2024 and became fully operational in early 2025.
3.2 Traffic Measurement Results (Before–After)
3.2.1 Average Vehicle Speed
Vehicle speed measurements were conducted at three different times (morning, midday, afternoon) before and after the construction of the overpass. The results show an increase in average vehicle speed after the overpass became operational. Overall, the average speed increased by 41%, with the speed of four-wheeled vehicles increasing most significantly in the afternoon (+50%). In the morning, two-wheeled vehicles experienced a speed increase of 43%, while four-wheeled vehicles increased by 46%.
Table 1. Comparison of Vehicle Speeds Before and After Overpass Construction
	Time
	Vehicle Type
	Speed Before (km/h)
	Speed After (km/h)
	Change (%)

	Morning
	Two-wheeled
	22.4
	32.1
	+43.3%

	Morning
	Four-wheeled
	18.6
	27.3
	+46.7%

	Midday
	Two-wheeled
	25.8
	33.2
	+28.7%

	Midday
	Four-wheeled
	20.7
	28.5
	+37.7%

	Afternoon
	Two-wheeled
	19.2
	26.8
	+39.6%

	Afternoon
	Four-wheeled
	15.8
	23.7
	+50.0%


This increase in speed indicates that the overpass has successfully improved traffic flow, particularly during the afternoon peak period, which previously exhibited the highest level of congestion.
3.2.2 Traffic Volume
Traffic volume also increased after the overpass became operational, with an average increase of approximately 11.8%. The largest increase occurred in the afternoon (+13.9%), reflecting enhanced road capacity capable of accommodating more vehicles. Table 2 presents a comparison of traffic volume before and after the construction of the overpass.
Table 2. Traffic Volume Before and After the Overpass
	Time
	Volume Before (vehicles/hour)
	Volume After (vehicles/hour)
	Change (%)

	Morning
	2,050
	2,320
	+13.2%

	Midday
	1,580
	1,710
	+8.2%

	Afternoon
	2,230
	2,540
	+13.9%


This increase shows that traffic flows have become smoother and that the overpass contributes to reducing congestion at key intersections.
3.2.3 Statistical summary (paired t-tests)
Table 3 summarises paired t-tests conducted on the aggregated Before–After indicators reported in Tables 1–2. These tests address reviewer requests to report t-statistics and p-values. Because the tests use aggregated peak-period values rather than full time-series observations, statistical inference should be treated as indicative.
Table 3. Summary of paired t-test results for key traffic indicators (before vs. after).
	Indicator
	n (paired)
	Mean (Before)
	Mean (After)
	Mean Δ (After−Before)
	t (df)
	p-value

	Average speed (km/h)
	6
	20.42
	28.60
	8.18
	23.15 (5)
	<0.001

	Traffic volume (veh/hour)
	3
	1953
	2190
	237
	4.34 (2)
	0.049


3.2.4 Road-user perceptions
Table 4 reports road-user perceptions as the percentage of respondents who rated each dimension as effective or very effective (Likert 4–5).
Table 4. Road-user perceptions of effectiveness after overpass operation (n=120).
	Dimension
	Measurement (questionnaire focus)
	Effective/very effective (%)
	Effectiveness level

	Traffic flow
	Smoothness of flow and reduced queuing
	85
	Very effective

	Comfort
	Comfort while travelling through the corridor
	82
	Effective–very effective

	Safety
	Perceived safety while travelling
	79
	Effective



3.3 Discussion
The observed speed increases across peak periods indicate reduced delay and improved operational performance, particularly for four-wheeled vehicles during the afternoon peak (Table 1). This is consistent with the expected role of grade separation in reducing conflict and stop-and-go conditions at high-friction nodes.
The volume increase (Table 2) is consistent with improved throughput. However, higher throughput should not be interpreted as permanent congestion elimination. Empirical literature documents that added road capacity can generate additional vehicle travel (induced demand), potentially returning speeds toward pre-expansion levels over time if demand is unmanaged (Duranton & Turner, 2011; Hymel, 2019).
Perception findings (Table 4) corroborate measured improvements: most users reported better flow, comfort, and safety. Nevertheless, stakeholder interviews highlighted that curbside pick-up/drop-off and informal parking require tighter management to avoid new bottlenecks at access points, consistent with research that emphasises the importance of managing pick-up/drop-off operations in dense urban areas (Wang et al., 2025).
Policy implications should therefore focus on complementary operational measures rather than relying solely on physical infrastructure. Priority actions include: (i) formalising pick-up/drop-off zones with enforcement, (ii) regulating on-street parking and loading near the station area, and (iii) coordinating signal timing at connecting approaches to prevent queue spillback.

4. Conclusion and Recommendations
4.1 Conclusion
The Medan Station Road Overpass is associated with measurable short-run improvements in traffic performance in the Medan urban core. Average speeds increased by approximately 41% and traffic volume increased by 11.8% across peak periods, indicating improved corridor throughput. Road users also reported improved traffic flow, comfort, and safety, suggesting that benefits are experienced both technically and socially.
However, the study highlights two considerations for long-term effectiveness: (i) the risk of induced demand, which may increase traffic over time and reduce speed gains, and (ii) the need for stronger curbside and parking management beneath and around the overpass to prevent new congestion points. The absence of a control corridor remains a methodological limitation for causal attribution.
4.2 Recommendations
To preserve long-term benefits, the Medan City government should strengthen integrated traffic management around the station area, including (i) designated pick-up/drop-off facilities with enforcement, (ii) stricter regulation of on-street parking and loading, and (iii) coordinated signal control on connecting approaches to prevent queue spillback. Integration with public transport access (e.g., safe pedestrian connections and clear interchange points) is recommended to reduce reliance on private vehicles. Future research should incorporate a control corridor and longer monitoring periods to assess the evolution of induced demand and the durability of performance improvements.
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