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				RESUMEN Algunos de los efectos negativos del rápido crecimiento urbano en las últimas décadas incluyen una mayor cantidad de tráfico y una falta de infraestructura para peatones y ciclistas. El proyecto de investigación llamado “Acciona y Conecta” llevado a cabo en la ciudad de Barcelona, pretende responder a la pregunta de investigación: cómo se puede cuantificar y mejorar la caminabilidad y la movilidad en bicicleta en las ciudades. La hipótesis de la investigación que motiva el proyecto es que la ciencia de datos y otras tecnologías avanzadas pueden cambiar la infraestructura urbana, lo que puede conducir a ciudades más móviles, saludables y sostenibles. Para ello se ha realizado una evaluación de la movilidad en la ciudad de Barcelona, generado una base de datos, propuesto varias mejoras urbanísticas, y replicado esta metodología en otras ciudades (Madrid y Helsinki), además de fomentar la participación ciudadana. En este trabajo se presentan los últimos avances y resultados de este proyecto de investigación en cuanto a evaluación de estructura urbana, identificación de parámetros urbanísticos que permitan un análisis cuantitativo, recomendaciones urbanísticas, y escalabilidad en otros entornos.

			

		

		
			
				Palabras clave movilidad sostenible, planificación urbana, salud pública, ciencia de datos, ciudades accesibles

			

		

		
			
				ABSTRACT Some of the negative effects of rapid urban growth in recent decades include increased traffic and a lack of infrastructure for pedestrians and cyclists. The research project called “Acciona y Conecta,” carried out in the city of Barcelona, aims to answer the research question: how can walkability and cyclability in cities be quantified and improved? The research hypothesis driving the project is that data science and other advanced technologies can transform urban infrastructure, leading to more mobile, healthier, and sustainable cities. To achieve this, an assessment of mobility in Barcelona has been conducted, a database has been created, several urban improvement proposals have been developed, and this methodology has been replicated in other cities (Madrid and Helsinki), while also promoting citizen participation. This work presents the latest developments and findings of the research project regarding urban structure assessment, identification of urban planning parameters for quantitative analysis, urban planning recommendations, and scalability to other environments.
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				1. Introduction

				The rapid development of the contemporary urban landscape is closely linked to the accelerated expansion of urban areas. According to the 2023 UN Sustainable Development Goals report (United Nations Department of Economic and Social Affairs, 2023), more than half of the world’s population lives in urban areas, and this proportion is estimated to rise to 70% by 2050. Significantly, this growth in the urban population implies a rising demand for urban transportation, raising important issues regarding access to and coverage by public transportation (Pojani & Stead, 2015). In Spain, the transportation sector accounts for 30.7% of total greenhouse gas emissions, underscoring the need to establish a sustainable urban mobility model (Third Vice Presidency of the Government, 2021).

				Global urbanization presents both economic opportunities and challenges, exacerbated by the COVID-19 pandemic (World Bank 2023, 2023). The pandemic has not only accelerated digital processes focused on sustainability and emissions reduction but has also underscored the importance of adaptive urban planning. Initiatives such as “15-minute cities” (Moreno et al., 2021) address these challenges by improving accessibility and reducing car dependency. The structure and design of cities are crucial for pedestrian walkability, directly affecting public health and quality of life (Mouratidis, 2021). Promoting cycling and prioritizing pedestrians respond to broader social changes, in which social innovation addresses issues beyond efficient mobility, including reducing environmental impact in public policies (Sanchez-Sepulveda et al., 2023).

				However, the relationship between urban design and public health is complex and multifaceted. Factors such as the placement of access points, facility design, and the use of green spaces play a significant role in individual health outcomes within a community (Jackson, 2003; Lu et al., 2017; Sanchez Sepulveda, 2015). This comprehensive approach to urban planning not only improves people’s quality of life but also helps mitigate climate change by reducing greenhouse gas emissions (Abduljabbar et al., 2021).

				On the other hand, Spain’s aging population presents an additional challenge (Gálvez-Pérez et al., 2024). In this context, careful planning is necessary to ensure that public transportation infrastructure can meet these growing needs. Barcelona’s superblock model, originally developed to reduce noise pollution, has proven effective at reducing road traffic and, consequently, pollution (Mueller et al., 2020; Nieuwenhuijsen et al., 2024). However, redirecting traffic to other streets can cause congestion and increase fuel consumption and emissions, highlighting the need for a more balanced and diverse approach to urban mobility planning (Rodríguez Rey, 2022).

			

		

		
			
				In this context, the “Acciona y Conecta” project (Acciona y Conecta, 2023), funded by the Barcelona City Council and the Ministry of Science and Innovation (ACCIONA Y CONECTA | Science and Innovation | Barcelona City Council, 2022), was launched to fund research that addresses some of the sustainable urban mobility challenges we currently face as a society. The objective of this research is not only to improve infrastructure and urban design to facilitate more sustainable modes of transportation, but also to integrate social, economic, and environmental considerations into urban development. To this end, the following research question is formulated: How can walkability and bicycle mobility in cities be quantified and improved? This question leads to two further sub-questions:

				Is it possible to create composite indices based on data from various sources to represent the walkability of an urban area or a city?

				Is it possible, based on an analysis using data science techniques and a semi-automated representation of the data, to make decisions regarding the redesign of space, urban use, or operations in order to improve sustainability?

				The challenge of mobility in large cities is extremely complex and requires a cross-cutting approach that considers multiple variables. All stakeholders must be aware of this complexity and develop comprehensive proposals that address mobility holistically and sustainably. The research conducted in the “Acciona y Conecta” project and reported in this article stands as an initiative in this field, with the potential to be replicated in other cities worldwide, promoting a more sustainable and equitable urban future.

				It can thus be seen that the objectives of this research are multidimensional, encompassing social, economic, environmental, and technological aspects. This work seeks to improve the connection between mobility and public health, highlighting the critical relationship between the two by reducing air pollution through the promotion of sustainable modes of transport that decrease greenhouse gas emissions, promoting active lifestyles by encouraging cycling and walking to improve cardiovascular health and reduce obesity, and reducing stress and improving mental well-being by creating urban spaces that invite residents to interact with their environment in a more relaxed and natural way.
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				2. Methods

				The “Acciona y Conecta” project employs a multidisciplinary methodology to address the challenges of sustainable urban mobility in Barcelona. This methodology encompasses data analysis, urban design, community participation, and the use of technologies, structured in several phases that include various activities and techniques to ensure a comprehensive evaluation and effective implementation of the proposed solutions. The main phases and activities of the methodology are described below.

				2.1. Context Analysis and Initial Diagnosis

				The objective of this phase was to conduct an in-depth examination of the state of various urban conditions and characteristics in Barcelona, taking into account both historical and cultural aspects. This objective includes:

				Assessment of current infrastructure: conducting a comprehensive analysis of the existing transportation infrastructure, identifying critical points and areas of opportunity for improvement.

				Integration of history and culture into urban planning: recognizing and preserving the city’s historical and cultural elements while implementing modern improvements to the transportation infrastructure.

				Socio-urban planning: ensuring that the proposed solutions are culturally sensitive and socially inclusive.

				Strategic axes: identifying areas of the city of Barcelona where the project’s proof of concept can be carried out.

				In the initial phase, qualitative and quantitative data on Barcelona’s mobility infrastructure are collected. This data comes from various sources and includes:

				Traffic and transportation: information on traffic flows, public transportation use, and pedestrian and cyclist density.

				Air quality: levels of air pollutants such as particulate matter and nitrogen dioxide.

				Demographic data: population distribution by age, gender, and socioeconomic status.

				Infrastructure: details on sidewalks, bike lanes, and green spaces.

				Using geographic information system (GIS) tools such as QGIS, detailed geospatial maps are created to visualize the distribution of the data. This allows for the identification of patterns and critical areas requiring intervention. Case Study Maps (CSMs) are developed by combining different indicators to identify problem areas and opportunities for improvement. CSMs are used for decision-making in urban design, evaluating street health, safety, and accessibility through indicators such as:

				Point attractions: places that attract pedestrians and cyclists, such as parks and markets.

				Safety and continuity: presence of trees, drinking water fountains, bike lanes, and appropriate speed limits.

				Accessibility: bicycle parking, air quality, noise levels, and demographic distribution.

				Finally, a Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis is conducted to assess current urban mobility conditions and identify strengths and weaknesses that need to be addressed.

				2.2. Urban design parameters and their processing

				The objective of this phase was to compile and process a set of urban and architectural data related to the analyses and diagnoses from the previous phase, as well as parameters studied through bibliographic references. 

				To this end, existing data from OpenData Barcelona (Open Data BCN | Barcelona City Council Open Data Service, 2023) was used. Using this database for data collection helped keep the model up to date, reflecting in real time changes and developments in the city’s urban conditions (e.g., sidewalk width, fountain locations, tree species, pedestrian and motorized traffic density, business types, crime rates…). 
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				We researched various sources to understand better how to assess walkability and bikeability in cities. A valuable source was “Walkability City Tool - SUMA” (2023), a company with expertise in sustainable architecture and urban planning. From the “SUMA-USC” report, we identified key factors that affect an area’s walkability and bikeability. Although their study is based on different data, we extracted five categories that group these factors, considering not only technical aspects but also the quality of the experience for residents and visitors. The five categories are:

				a) Modal split: the distribution of space on public roads among different modes of transportation.

				b) Urban fabric: refers to the physical characteristics of sidewalks.

				c) Urban scene: refers to the environment surrounding pedestrians on the street.

				d) Safety: refers to the factors that influence pedestrians’ perception of safety on the street.

				e) Environmental factors that influence walking activity.

				A dataset was created that includes various urban and architectural descriptors, such as sidewalk width, fountain locations, tree types, traffic density, business types, and crime rates. Data from OpenData Barcelona was used, regularly updated to reflect real-time urban changes. Data were collected from 17 diverse datasets available online, which are regularly updated.

				Data processing is a key step in data science projects. It involves cleaning and adjusting raw data collected directly from sources, which may contain errors or unnecessary information. The data is prepared for analysis and modeling, transforming it from raw data into clean, ready-to-use data. 

				In this project, we used geographic data from Barcelona that describes street segments in the city. This data provides details for each street segment, including geographic coordinates, road codes, street names, length, angle, district, and block. This data will serve as the foundation for the project, and the specific segments to be studied are displayed on a map. 

				2.3. Decision Support Tool

				The objective of this third phase was to develop a decision-support tool for professionals and students to promote the improvement of urban spaces. This objective included:

				Analyzing the obtained data: developing an automatic classification system based on data science and, using the descriptors from the previous phase, assigning a score to the walkability and bikeability of each urban segment.

			

		

		
			
				Provision of open data: facilitating access to open data on urban mobility for researchers, urban planners, and the general public, fostering transparency and collaboration.

				Education and training: offering programs that include the use of this Tool with students in the fields of urban planning and sustainable mobility.

				Several datasets were consolidated into a single one representing geographic segments of Barcelona with specific street details. A dataset comprising 14,301 instances and 87 variables from 17 different datasets was obtained. Clustering techniques, such as the K-Means algorithm, were used to group street segments with similar properties and assign scores in categories such as environment, safety, transportation options, urban design, and surroundings. An overall walkability and bikeability score was calculated for each segment, classifying areas into various levels of ease for walking and cycling.

				2.4. Urban Design Proposals

				The objective of this fourth phase was to create innovative proposals that would influence mobility patterns in the designated districts of Barcelona. This was achieved through:

				Urban planning measures: identifying areas in need of significant improvement based on the assessment and analysis from the first phase, and proposing urban planning measures for each section to improve its livability, using the parameters established in the second phase and in accordance with the system developed in the third phase.

				Cartographic material: preparing cartographic material on the location of these spaces in relation to the urban fabric and their structural role.

				Urban planning proposals: the intersection of urban analyses and technologies applied to health detection enabled the establishment of a scenario rich in objective information to define appropriate intervention strategies.

				The research team, together with students and faculty from La Salle and Ramón Llull University, developed urban design proposals to improve walkability, bikeability, and accessibility in specific areas of the city, based on the analyses, parameters, and tools described above. For this work, the six areas that best illustrate the city’s challenges and contrasts were selected to develop the proposals.

				2.5. Replicability and scalability

				The objective of this final phase was to develop a model that could be replicated and scaled in other cities worldwide. Thus, cities representative of diverse urban settings were selected, based on their local characteristics and available data, to validate and adapt the methodology. This objective includes:
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				Replication in two other cities: replicating the Tool developed in the third phase in two other cities to assess the generalizability of the results obtained and to validate and adapt the methodology to different urban contexts.

				Citizen perspective: through the creation of a mobile app, assess walkability and bikeability from the citizen’s perspective, using the scoring criteria of the Tool developed in the third objective.

				The Decision Support Tool was replicated in Helsinki and Madrid. To do so, relevant data were collected for each city, following three general steps:

				Data collection: use of datasets on pavement quality, traffic accidents, noise levels, vegetation distribution, traffic, air quality, water sources, intersections with traffic lights, bike stations, points of interest, and public transportation stops.

				Preprocessing and visualization: preparation and analysis of data using functions implemented in Python, with translation of column names to facilitate understanding.

				Identification of segments and clustering: grouping street segments based on similar attributes, classifying them such as urban fabric, modal split, urban scene, and safety.

				3. Results

				The preliminary results of the “Acciona y Conecta” project demonstrate the potential of the planned interventions to transform urban mobility in Barcelona. A summary of the main results obtained is described below:

				3.1. Context analysis and initial diagnosis

				To comprehensively evaluate various factors, they were categorized into three groups: points of attraction, street safety and continuity, and accessibility. Points of attraction include bicycle-related services, “bicycle-friendly” buildings, parks and gardens, primary care centers and hospitals, and markets. Street safety and continuity consider biodiversity, roadside trees, existing bike lanes, bike-friendly streets, and drinking fountains. Accessibility includes bike parking, air quality, noise levels, age groups, and the balance between local and foreign residents. 

				To map these factors, data from Open Data BCN was primarily used, which allows access to and reuse of information generated by public agencies. Using QGIS, several maps were produced and strategically combined, with maps of existing bike lanes and bike-friendly streets serving as the base for all maps (Figure 1).

				Accessibility maps: Accessibility maps have revealed the distribution of bicycle parking, air quality, noise levels, and population demographics. These maps help identify areas where bicycle infrastructure needs improvement, and noise pollution can be reduced.

				Point of Interest Maps: Point-of-interest maps identify key locations, such as parks, health centers, markets, and bicycle-related services, that are essential for promoting the use of sustainable modes of transportation. These points of interest are concentrated in areas with higher population density, which facilitates their accessibility and use.

				Safety and Continuity Maps: Safety and continuity maps highlight the importance of trees along streets and the presence of drinking water fountains. These elements not only improve walkability and bikeability but also enhance users’ perceptions of safety and well-being.

				During the analysis phase, the urban structure, urban systems and fabric, road hierarchy, accessibility, ground-floor commercial activity, the role of services both within the study area and its surroundings, and the use of open space are examined, paying attention to textures, street furniture, vegetation, and all other elements that shape the history and characteristics of the urban space within the project area and its surroundings. 
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				Figure 1: First map: current bike lanes, green spaces along streets, drinking water fountains. Second map: current bike lanes, CAPs and hospitals, population density. (2023)

			

		

		
			
				Once the environment has been analyzed, a SWOT analysis (strengths, weaknesses, opportunities, and threats) is conducted to identify areas for improvement, opportunities for new proposals, and the focus of the proposal. We carried out this phase by district in Barcelona. An example of these analyses is that of the Sant Martí district (Figure 2).

				3.2. Urban Planning Parameters

				The following factors were considered in the search for and extraction of variables affecting an area’s walkability and bikeability. The different categories identified were taken into account in the clustering process. For each of the categories identified in Section 2.2, the following quantitative data were collected:

				Modal split:

				Number of lanes for motor vehicles

				Existence of bike lanes

				Availability of on-street parking for bicycles and motor vehicles

				Street type (pedestrian, shared, etc.)

				Availability of public transportation

				Interaction with other modes of transportation (e.g., coexistence between pedestrians and bicycles).

			

		

		
			
				Urban fabric: 

				Width of sidewalks

				Condition of the pavement (smoothness, unevenness, etc.)

				Availability of a buffer zone between the sidewalk and the roadway

				Presence of obstacles (such as poles, trees, etc.)

				Street gradient

				Number of crosswalks

				Driveways.

				Urban setting: 

				Commercial or recreational activities taking place on the street

				Entrances to residences and commercial premises

				Presence of trees

				Characteristics of building facades

				Street furniture (benches/seating, lampposts, etc.).

				Water fountains

				Protection from the sun and rain

				Safety:

				Street lighting

				Wayfinding aids (signage, directional signs, etc.)

				Speed limit
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				Level of street activity (pedestrian flow that creates natural surveillance)

				Neglected or dilapidated elements (e.g., broken pavement)

				Presence of litter and graffiti

				Number of crimes

				Traffic accidents (pedestrian strikes).

				Environmental:

				Level of ambient noise

				Sun exposure

				Air quality

				Prevailing winds

				Pollution level

				Garbage collection

				Proportion of green spaces

				3.3. Decision support tool

				The design of the Decision Support Tool began following a review of the global literature and previous studies on parameters for measuring walkability and bikeability, establishing a solid theoretical foundation. 

				The final result is an interactive dashboard on Tableau Public (2023) that aims to facilitate informed decision-making in urban planning and design. It is important to note that this interactive dashboard is directly linked to the dataset generated when the code is executed. The interactive dashboard presents the research results in a format that is accessible and understandable to specialists in the field, transforming the data into geospatial visualizations. 

				One of the most notable features of this Tool is its interactivity, allowing users to select specific variables and observe their direct impact on the visualization. A clear example of this functionality is the ability to highlight sections with specific characteristics, such as a longitudinal slope exceeding 6%, high noise levels, high economic activity, or a low environmental score. In addition, the interactive dashboard displays the scores calculated for the categories of urban fabric, urban scene, safety, environment, and modal split. Furthermore, the final results for cycleability and walkability have been integrated. Below is an image of the application, providing an overview of its design (Figure 3).

				The map of Barcelona shows how these groups are distributed throughout the city. The results are consistent with the characteristics of each cluster. A decision tree was also created to assess the importance of each variable in forming the groups, highlighting the low influence of the modal split. 
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				Figure 2: First map: gentrification. Second map: household income and insecurity. Third map: nightlife. (2023)
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				In general terms, central districts such as Eixample, Ciutat Vella, Gracia, and Sant Martí scored higher on walkability, while peripheral districts such as Horta-Guinardó and Nou Barris scored lower. This process was also carried out for cyclability.

				3.4. Urban Design Proposals

				The research funded by the “Acciona y Conecta” project has enabled the development of a series of urban design proposals based on the analyses, parameters, and tools described in the previous sections. It is important to emphasize that these urban planning proposals are not arbitrary but result from analyses of mobility, walkability, and other urban parameters. These proposals focus on improving mobility, accessibility, and quality of life in various neighborhoods of Barcelona, promoting sustainability and equity. Below are specific proposals for each intervention area.

				3.4.1. Bonanova: Network of Interconnected Public Spaces

				The proposal for Bonanova focuses on creating a network of interconnected public spaces via continuous green corridors. This approach aims to improve accessibility and foster social interaction in an area characterized by its steep topography (Figure 4).

				Modifications to street cross-sections: To adapt to the area’s topography, it is proposed to modify street cross-sections by incorporating ramps and steps that facilitate pedestrian access. 
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				Figure 3: Decision support tool for assessing the condition of cyclability and walkability in Barcelona. (2023)

			

		

		
			
				Integration of green spaces: The creation of linear parks and community gardens along the green corridors is proposed. These spaces will not only provide areas for recreation and leisure but will also contribute to reducing pollution and improving the urban microclimate.

				Promotion of active transportation: The proposal includes the installation of well-connected and safe bike lanes, as well as the widening of sidewalks to encourage cycling and walking as primary modes of transportation.

				3.4.2. La Marina del Prat Vermell Free Zone: Hybridization of Uses and Connectivity

				The proposal for this area focuses on hybridizing uses and improving connectivity between industrial and residential zones (Figure 5).

				Green and public spaces: The proposal calls for creating green and public spaces that connect industrial and residential areas, facilitating social interaction and improving the district’s quality of life.

				Clustering programs: the introduction of clustering programs aims to promote collaboration between businesses and educational institutions, creating a vocational training campus linked to local industry. This will foster innovation and economic development in the area.

				Central Connectivity Axis: The proposal calls for creating a central axis connecting Montjuïc to the river, integrating various modes of transportation and facilitating mobility for residents and workers in the area.
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				Figure 4: Bonanova: network of interconnected public spaces. (2023)
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				3.4.3. La Dreta de l’Eixample: revitalization of interior spaces

				In La Dreta de l’Eixample, the proposal focuses on revitalizing the interior spaces of the Eixample blocks, following the visionary principles of Ildefons Cerdà (Figure 6).

				Opening Ground Floors: It is suggested that ground floors of buildings be opened to encourage economic and social activities, creating commercial and cultural spaces accessible to residents.

				Integration of Green Spaces: The proposal includes creating green spaces within the blocks, improving the urban microclimate, and providing areas for leisure and recreation.

				Permeable Paving: Implementing permeable paving will help reduce urban heat and improve stormwater management, contributing to a more sustainable environment.

				3.4.4. Horta Guinardó: promoting shared mobility

				In Horta Guinardó, the proposal focuses on promoting shared mobility and improving access to essential services (Figure 7).

				Continuity of existing corridors: the proposal aims to extend existing corridors toward primary central areas, ensuring proximity to essential services and public transportation.

				Reuse of underutilized spaces: Reusing underutilized spaces to create public areas will foster social interaction and a sense of community, as well as provide new economic opportunities.

				Elimination of on-street parking: It is suggested that on-street parking be eliminated to transform streets into pedestrian- and cyclist-friendly spaces, promoting a safer, more sustainable lifestyle.

				3.4.5. Poblenou: connections between the Cerdá Plan and the superblocks 

				In Poblenou, the proposal is based on the internal connections within the blocks using the superblock model to create new transitions and focal points (Figure 8).

				Utilization of interior voids: the proposal suggests utilizing the interior voids of the blocks to create public spaces and facilities, connecting these spaces with the rest of the neighborhood.
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				Creation of new routes: the intervention includes the creation of new routes and connected pathways from within the blocks, improving accessibility and sustainable mobility.

				Valuing existing heritage: It is suggested that value be added to it by integrating these elements into new public spaces, thereby promoting cultural identity and a sense of belonging.

				3.4.6. Sants-Montjuïc: Transformation of the Canal de la Infanta

				The proposal for Sants-Montjuïc focuses on transforming the Canal de la Infanta into a new civic and functional axis (Figure 9).

				Conversion of the canal into a civic axis: the proposal is to convert the Canal de la Infanta into a new civic axis that improves connectivity and the quality of the urban environment. This transformation will include the creation of public spaces along the canal.

				Improvement of road infrastructure: the proposal includes redesigning the infrastructure to facilitate coexistence among vehicles, pedestrians, and cyclists, promoting more balanced and sustainable mobility.

				Redevelopment of key sections: It is suggested that specific sections of the canal be redeveloped to create new hubs and improve accessibility to services and public spaces.

				The urban design proposals for the “Acciona y Conecta” project represent a comprehensive, multifaceted approach to transforming mobility and the quality of life in Barcelona. These interventions not only improve infrastructure and accessibility but also promote sustainability, social inclusion, and community well-being. By addressing the specific needs of each neighborhood and promoting community participation, the project has the potential to serve as a replicable model for other cities facing similar challenges worldwide.

				3.5. Replicability and scalability

				3.5.1. Tool replicated in two cities

				The Decision Support Tool used for Barcelona was replicated in Madrid and Helsinki, utilizing each city’s open data sources 1  and evaluating the degree to which the measures could be generalized and their applicability in different urban contexts. 

			

		

		
			
				 Figure 5: The Marina del Prat Vermell Free Zone: Hybridization of Uses and Connectivity. (2023)
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				 1  In the case of Barcelona, the data was obtained from Open Data BCN (https://opendata-ajuntament.barcelona.cat/en/), for Helsinki, the data was obtained from Helsinki Region Infoshare (https://hri.fi/en_gb/), and for Madrid, the data was obtained from the Madrid City Council’s Open Data Portal (https://datos.madrid.es/portal/site/egob).
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				 Figure 6: La Dreta de l’Eixample: revitalization of interior spaces. (2023)
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				This comparative analysis demonstrated that the criteria and methodology employed are applicable in diverse settings, providing consistent and useful results for urban decision-making. For example, an interactive map and a zone analysis were developed for the city of Helsinki (Figure 10).

				Interactive map: An interactive tool was developed that allows users to view the classification of Helsinki’s streets on a scale from 0 to 10. This map indicates the score obtained by each street segment based on safety, comfort, and accessibility for cyclists and pedestrians.

				Area analysis: The study provided general statistics for the city and allowed for the comparison of different attributes across districts. Specific street segments were analyzed to provide a detailed classification of their suitability.

				3.5.2. Citizen perspective on walkability and bikeability in Barcelona 

				Through the creation of a mobile app (Figure 11) (Acciona and Conecta App, 2023), citizen participation in evaluating the city’s walkability and bikeability has been encouraged. This tool allows users to directly assess the quality of the urban environment based on their experience, using the scoring criteria of the Decision Support Tool. That is, by displaying walkability and bikeability data calculated as a result of the semi-automated analysis of data contained in open data repositories. With this mobile app, citizens can evaluate aspects such as sidewalk width, street furniture, vegetation, lighting, safety, accessibility, and connectivity, generating real-time data.

			

		

		
			
				This participatory approach not only provides a closer and more contextualized view of the urban space but also allows these assessments to be compared with the data available in each city’s open data repositories, identifying potential discrepancies and areas for improvement. Furthermore, the platform strengthens the role of citizens in urban decision-making, as their assessments can validate or challenge the conclusions obtained through automatic data analysis.

				For example, if a street classified as highly walkable according to the open data repository is under construction, citizens can rate it as having low walkability, generating alerts that highlight these discrepancies. In this way, active citizen participation contributes to a more accurate and adaptable assessment of urban mobility, facilitating more agile and efficient management of public space.

				4. Discussion

				The results obtained from the data analysis and the tools applied in the “Acciona y Conecta” project highlight the importance of a comprehensive and multidisciplinary approach to addressing the challenges of urban mobility in Barcelona. Compared to the existing literature, studies by (Chakraborty et al., 2021; Gallo & Marinelli, 2020; Holden et al., 2019) emphasize that sustainable mobility must consider the intersection of environmental, social, and economic factors. Our study confirms this view, highlighting how active transportation can improve quality of life in urban settings and reduce environmental impact. Furthermore, the application of open data and data mining tools, as in the work 

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				197

			

		

		
			
				of (Aranoa et al., 2016), has proven to be an effective strategy for analyzing walkability and bikeability, which reinforces the methodology used in this study.

				On the other hand, studies such as those by Abduljabbar et al. (2021) and Aydın (2025) highlight the importance of micromobility in reducing private car use and improving urban accessibility. The results obtained in Barcelona, Helsinki, and Madrid reflect the applicability of these strategies, although the need for a more equitable distribution of sustainable mobility infrastructure was also identified, in line with the conclusions of Nieuwenhuijsen et al. (2024) and Reixach (2024).

				The use of advanced technologies, such as Big Data analysis and the integration of geospatial data, has made it possible to identify critical areas where interventions can have the greatest impact. The creation of accessibility, safety, and continuity maps reveals an unequal distribution of mobility infrastructure, particularly regarding cyclability and walkability. Research such as that by Ohnmacht et al. (2009); Paola (2007); and Spray et al. (2022) highlights that differences in mobility infrastructure can perpetuate social inequalities. Our research model incorporates these considerations by using equity metrics to ensure that proposed interventions benefit the most vulnerable communities. Furthermore, recent studies such as those by Javadi and Nasrollahi (2021) and Nguyen et al. (2021) highlight the influence of urban design on health and well-being, reinforcing the relevance of strategies that prioritize active mobility.

			

		

		
			
				Figure 7: Horta Guinardó: promoting shared mobility. (2023)
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				One of the main findings is the concentration of points of attraction and areas with favorable infrastructure in the most central districts, such as Eixample and Ciutat Vella, reinforcing a historical trend of prioritizing central areas in terms of investment and urban development. However, outlying districts, such as Horta-Guinardó and Nou Barris, have significantly inferior infrastructure, leading to unequal mobility and limited access to sustainable modes of transportation. This disparity highlights the need for policies that promote a more equitable distribution of urban resources and infrastructure.

				The methodology used also provides a better understanding of the factors affecting perceptions of safety and comfort on the streets. The presence of trees, air quality, and the availability of drinking water fountains not only improve the experience for pedestrians and cyclists but also have a direct impact on public health. These interventions, which may seem minor, have great potential to transform the quality of life in cities, especially when implemented in coordination with other urban improvements.

				Furthermore, the project highlights the importance of urban design that integrates both sustainable mobility and social equity. The proposal to connect industrial zones with residential areas, as in the case of Marina del Prat Vermell, suggests that the creation of shared and green spaces can facilitate social interaction and improve quality of life in traditionally marginalized areas. This holistic approach is essential for reducing social inequalities and promoting more inclusive urban growth.
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				Figure 8: Poblenou: superblocks and internal connections. (2023)
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				Figure 9: Sants-Montjuïc: transformation of the Canal de la Infanta. (2023)
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				Figure 10: Tool replicated in the city of Helsinki. Interactive map and an area analysis. (2024)
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				Figure 11: Sample visualization of the mobile app for capturing citizen perspectives. (2024)
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				This research proves to be an effective approach to addressing the challenges of sustainable urban mobility in densely populated cities, such as Barcelona. It is not merely a matter of reducing dependence on cars, but of creating more livable, accessible, and equitable cities. Through the use of advanced technologies, such as geospatial data analysis and Big Data, and the development of decision-support tools, key areas for intervention have been identified in several city districts that can significantly improve walkability, bikeability, and accessibility, optimizing mobility infrastructure and promoting healthier and more sustainable lifestyles.

				The model developed is replicable and scalable, having been successfully applied in other cities such as Madrid and Helsinki, which demonstrates the methodology’s flexibility and adaptability to diverse urban contexts. This highlights the value of data-driven urban planning that integrates both social and environmental factors, paving the way for its implementation on a global scale.

				This research also underscores the importance of collaboration among government actors, academic institutions, and citizens to implement sustainable and meaningful urban transformations. A multidisciplinary and participatory approach is essential to ensure that urban solutions are inclusive, sustainable, and tailored to the specific needs of each city. Thanks to the foundations laid and the methodology used in this study, future research could explore how the location of neighborhoods influences the provision of attractions and areas with infrastructure for sustainable modes of transportation, or objectively and quantitatively compare and rank sustainable urban mobility infrastructures across different cities.
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