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Abstract

:

The 11th sustainable development goal highlights the importance of making our cities more inclusive. For that, planning processes should become more engaging and empower citizens to actively participate in designing their environments. However, the COVID-19 crisis exposed inequalities and posed challenges to communal activities due to restrictions on face-to-face activities. These constraints brought many researchers and practitioners to rethink the process of co-designing workshops, putting digitalization in the spotlight. The present study consists of a systematic literature review focusing on understanding how digital technologies affect participatory approaches in urban design and how they have evolved since the 1990s. Also, it investigates the correlation between levels of participation and interaction in different types of collaborative design workshops held in communities. We found that many authors have been developing new methodologies and digital tools aiming to digitalize the co-designing experience through mediation. However, there is no evolutionary evidence of tools in the field creating bridges between digitalization, participation, and interaction. We argue that a research agenda is required to produce more sophisticated tools to tackle social barriers and support inclusive design towards sustainable urban development patterns.
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1. Introduction


The recent global experience of COVID-19 has imposed limitations on face-to-face events, forcing co-design researchers and practitioners to rethink the process of collaboration [1]. Therefore, significant attention has been paid to developing alternative methodologies with different degrees of digitalization, to overcome the lack of citizen participation in the process of designing collective spaces [2,3].



This study is inspired by the seminal work of Arnstein [4] which explored categorization of participation levels in the governance of neighborhoods according to the empowerment of citizens. This consists of three basic levels, with only the highest representing a genuine participation process: non-participation (manipulation and therapy), tokenism (informing, consultation, placation), and citizen control (partnership, delegation, citizen control). The current study focuses on the process of designing urban environments. We are especially interested in understanding to what extent digital tools foster the interaction of citizens in collaborative design workshops in the field of urban design. Thus, we extracted from the literature a classification of different levels of planning process digitalization described in the studies. We then used this classification to structure the analysis of the studies and combined it with other variables that emerged from the analysis. Table 1 displays a matrix of the variables and the identified broader levels of these variables.



1.1. Defining Types of Workshops


1.1.1. Traditional Workshops


Traditional collaboration design workshops in the field of urban design consist of face-to-face discussions/interactions in a physical environment [5]. Their main aim is to promote the direct interaction of participants within the design process by utilizing tools such as physical models and other complementary objects [6]. Despite the advantages that traditional workshops offer, digital tools are popular. They help to expand the experience during events and enable a large number of participants to be involved [5,7].



Level of Participation


When discussing the community’s participation in the designing process, it is crucial to highlight the role of direct interaction, and traditional workshops are the most natural way to convene. On the one hand, this approach creates opportunities to establish a dialogue between multiple stakeholders to determine the challenges faced by communities. Furthermore, it also provides simple tools to allow these discussions to take place within a collaborative environment to develop plans to overcome the problems identified [6]. On the other hand, traditional workshops depend on a laborious process to fully engage the community and secure their attendance [5]. The recruitment process is time-consuming, and since their presence is required, many community members are reluctant to dedicate time and efforts to contribute to events whose benefits they are not aware of in advance [6].




Level of Digitalization


Traditional workshops are built upon manual tools and therefore have a low level of digitalization. If any digital tools are involved, they are restricted to computer graphics and the screen-sharing of proposed design alternatives, where the participants have the opportunity to discuss and evaluate the material presented [8].




Level of Interaction


Despite the influence of digital technologies, some authors still focus their studies on workshops that use traditional tools [9]. They suggest that traditional non-digitally based workshops trigger a higher level of interaction between participants and produce the most valuable insights for the designing process [2,10,11].





1.1.2. Digital Workshops


In contrast with traditional workshops, digital workshops may be defined as events or gatherings based on virtual perception deploying interactive 3D visualization to support the perception of the design process and increase the level of engagement among different stakeholders [12,13]. Conversely, this process brings a critical concern which is the interaction level with the design object [14].



Level of Participation


Public participation plays an essential role in urban design regarding decision-making and community acceptance of a proposed intervention in the urban environment [15]. In the past five years, many authors have focused on building a bridge between the participatory and design processes through virtual visualization [10,16,17,18,19,20,21,22,23]. In response to this demand for digital participation in the making of cities, the use of digital tools and online platforms have become popular [24,25]. Therefore, many tools and methods have been proposed and designed to create an interactive virtual workshop to support citizen participation in the urban design process [2,10,11,12,15,16,17,22]. The advantage of digital workshops is the high participation level reached through online platforms [15,26,27,28,29]. Those platforms are primarily designed to stimulate a larger number of players to participate in the process [16,29,30] and to engage communities in discussion forums guided by expert knowledge while the decision-making process unfolds [31,32]. Workshops based on this methodology consist mainly of discussion and feedback collection [21]. This approach plays an essential role in the design process because it can be scaled up [18]. Some authors consider the digitalization of community workshops to be an innovative approach that offers opportunities to foster the potential for inclusive design processes and consequently to increase the quality of life in the urban environment [10,33,34,35]. However, collaboration across disciplines and different areas of expertise presents major challenges [34].




Level of Digitalization


As mentioned in the previous section, the technological development of mediating tools has drawn significant attention across many different design-related disciplines relating to the urban environment. During the pandemic, authors developed many proposals and suggestions for how to digitalize the process of collaborative workshops. Many digital tools, methodologies, and apps have been proposed to allow citizens more access to the design process through discussion/feedback forums. For example, Community Crit is a mobile online tool developed for the community to give their feedback about ongoing projects taking place in their neighborhoods [20]. This kind of tool involves digital design technologies aiming to facilitate the collaboration between participants in different workshops via online platforms and social networks [36,37,38].



However, many challenges are faced when developing this level of digitalization. One of the main challenges is to provide digital tools with the capacity to generate interactive 3D visualization allowing for realistic perception of the design process and empowering stakeholders with different skills to make informed arguments and decisions [12]. These tools aim to stimulate collective curator practices to democratize the decision-making process in contemporary urban planning at a neighborhood scale [35,39].



Additionally, digital participation technologies have the potential to reshape professional practice in the co-designing process [12,40]. Also, digital design files can be easily processed and shared with digital fabrication hubs, enhancing the communication of ideas to the clients [20] as a crucial activity to secure the success of the design process [16]. According to Batty [16], visualization is the most significant of all activities in the co-designing process; it is also the most affected by the development of digital technologies.



Ultimately, emerging technologies based on digitalization may support the achievement of sustainable and inclusive goals. Therefore, we need to develop solutions that meet the needs of diverse age groups of the population, which is only possible to achieve using an interdisciplinary approach [10]. Digital workshops tend to be well accepted by younger demographics but the process still has to be developed to include the elderly [21].




Level of Interaction


Technological development has demonstrated many benefits regarding inclusiveness in the co-design process. Nevertheless, the main concern lies in how technology affects the interaction between citizens and the design process. As explained above, digital tools can facilitate social connection among participants by significantly affecting their numbers. Furthermore, they can also foster citizens’ empowerment and promote community building during collective discussions as part of the urban design processes [41,42].



Mahyar [20]–citing the Community Crit app–emphasizes the importance that technology can have in engaging the community in the design process. It has been noted that most people have neither time nor expertise to participate in co-design activities [10]. Therefore, the Community Crit app should become fully based on digital tools inviting citizens to contribute to the activities in question with meaningful input [20]. Community Crit played an essential role in encouraging people to participate in complex urban design tasks, yet there were many challenges affecting the interaction between participants in the design process [20].



It is notable that many published studies focus on the effect of technology on the co-design process, and how to involve different stakeholders through digitalization [16,20,21,35,40]. Such approaches, however, have failed to address certain issues regarding the interactivity of stakeholders with each other and with the design object during the co-design process. As described by Gosta [43], digital workshop platforms are increasingly being used to capture real-time feedback, user experiences, and perceptions, to promote–according to the topic in question–the voices of vulnerable populations. This leads to significantly higher levels of inclusiveness and consequently increases the level of participation. Gosta’s and many other authors’ arguments are restricted to the advantages that digital workshops offer; however, their studies overlook other issues they raise, particularly the level of interaction among participants.



Another interesting point to be considered is determining how to analyze and process design outcomes over time and space, which is a relevant point for designers interested in gauging interaction outcomes [44].





1.1.3. Mixed-Methods Workshops


Mixed-methods workshops–as the name suggests–consist mainly of events where mixed methodologies are applied, and their design combines technology and the physical environment. The favored technology used in this type of workshop is AR (augmented reality). It is used to create a 3D model for urban design, blending real and virtual spaces. AR-based workshops allow users to interact with the proposed environment by moving items on a table surface [45]. Ultimately, mixed methodology workshops aim to enhance the experience of users over existing physical environments mediated by digital tools that allow them to directly interact with it and to have direct impacts on the designing process and decision-making [46].



Level of Participation


Mixed-methods workshops are designed to help participants become involved in exploration of and discussions about the topic in question, resulting in some kind of decision-making or recommendations [47].



According to Beattie et al. [25], a face-to-face workshop employing a mixed-methods approach can have a significant impact on the results of the final design. His research consists of a co-design workshop with a mixed-modes methodology aimed at involving the participants in the process of rethinking city design. Workshop participants were able to interact with urban elements, made available as tools in the software, with which participants were “playing” while discussions evolved. Based on the analysis of the collected data, the study concluded that high interaction of participants is the primary indicator of a successful co-design process [25]. This approach consists predominantly in involving the community in decision-making. Therefore, the groups consisted of a small number of participants, with a high level of interaction with the software and tools given [25].



On the other hand, mixed methodologies workshops blending physical and virtual environments have some constraints. Most notable is that their delivery must be restricted to a small number of participants. This conclusion derives from the limitations imposed by the digital tools used during the workshops [22,23,26,47]. Additionally, before the workshop starts, the participants must be trained to become familiar with the media employed [40].



Regardless, in addition to restrictions in size, it has also become evident that such an approach could face challenges in delivering solutions that efficiently address citizens’ concerns [48]. Studies have suggested that this problem that could in some cases be solved using storytelling as an additional component [40].




Level of Digitalization


Workshops based on mixed-methods approaches provide the ability to explore dynamically visual representations of the design–i.e., users can see targeted real-time changes where these are considered particularly informative [47,49,50].



Some authors have stated that the advantage of using a mixed-methodologies approach is that digital technology can be used to expand the reach of the workshop ‘beyond engagement’ [8,17,47].



Salter [47] showed that mixed-methods workshops can deliver strong interaction among participants, especially when dealing with a complex environment. This study provides an interactive tool between landscape visualization and the workshop process [47].



Seichter [45] proposes a prototypical system based on AR technology to create a 3D model for urban design, where the primary interaction modus is dragging. This type of interaction offers full transparency around the likely changes. All instances (remote or local) can be dragged to the same position in the model space. Another similar application is proposed by Terracciano [18], based on AR technology that allows the user to experience a street in seven minutes. This application could reproduce the actual context of the area by reading the map, certain symbols, and other detailed information from the site such as images and videos containing storytelling features [19,23].




Level of Interaction


Mixed-methods workshops are designed for a specific purpose beyond entertainment. These workshops increase cooperation between participants, improve engagement with the design processes, facilitate perception, and provoke discussion about relevant issues. They can directly impact decision-making, foster interaction between stakeholders, designers, and planners, and help shape opinions to become more informed and collective-driven [25,46].



In these mixed-methods workshops, digital storytelling is considered an interactive tool that can facilitate social connections among participants [23,41,51].



Piga and Morello [44] presented an overview of human/environment interaction in a simulation experience, where the importance of technological services was affirmed by improving the user experience and consequently improving support for the decision-making process. This is especially relevant because, with time, the necessary technological tools will become gradually more affordable and consequently more accessible for many people. On the other hand, Besserud and Hussey [52], demonstrate the need for increased scientific research into simulation to find a balance between simplicity of use and technological sophistication [52].



“City Science Group” has already conceptualized and developed a data-driven platform to increase the level of user interaction, offering additional advantages compared to traditional methods, especially regarding urban interventions. This platform helps enormously to foster collaboration across groups of participants. Another similar project improves decision-making through the simultaneous combination of an interactive interface and a real-time feedback system [53].



Similarly, Ishii [14] proposed an augmented reality workbench to facilitate communication around concepts and ideas. This workbench combines and integrates multiple physical and digital design representations (2D drawings, 3D physical models, and real-time simulations), providing a hybrid and compound experience that is highly beneficial to the design process. In that proposal, a 3D GIS simulation tool (equipped with a 3D database) visualizes a 3D model in a real-time interactive environment so that the entire design team have access to more advanced levels of communication, intervention, and interaction than were possible with previous alternatives [54]. The major concern with this real-time simulator is the demand for high-performance hardware; the entire system can lose performance and operationality when using common graphics cards.






1.2. Research Gap


In summary, many studies have focused on developing different digital tools, aiming to increase the level of participation in the urban design process. Some of these studies explore certain aspects of the development of the identified tool. However, there remains a lack of a comprehensive research into digital collaborative design tools to explore the impact of those tools on different relevant aspects of co-design processes.





2. Materials and Methods


To address this problem, we pursued a systematic review of digital tools used in collaborative workshops within the field of urban design. Our study was conducted in June 2021 to address the research question: Do digital tools facilitate the interaction of citizens in collaborative design workshops for urban design? We employed Semantic Scholar [55] as the main search tool, as it offers specific filtering functions and its search engine is powered with artificial intelligence delivering accurate results.



2.1. Search Criteria


The syntax of the initial search consisted of a combination of the terms “urban design”, “community workshops”, and “digital tools”.



The first result–without any restrictions–retrieved 722 papers in total, published from 1990 onwards. The highest number of published papers was from 2017, with 72 papers. After this peak, a slight decrease was observed, bringing the approximate average to 50 papers published annually.



We sorted the papers by citations and selected all papers with twenty citations or more. This was essential to save highly influential papers from being filtered out during the refinement process where chronological restrictions were imposed. We found five papers in this category—three papers older than five years accounting for 35 to 178 citations (Table 2).



Subsequently, we restricted the search to the past five years, resulting in 298 papers, taking into consideration the COVID-19 pandemic period and its impact on the topic.




2.2. Gathering and Filtering Data


In the next refinement step, the content of papers was scrutinized. A total of 236 papers were excluded, which focused on digital tools but in other fields or sectors such as medical/mental health, teaching methods, agriculture, building construction materials, economy, art, etc. This reduced the total number of papers published during the five years to 62. Another selection of papers was made according to their relevance to our research question, which concluded in 20 papers.




2.3. Categorization


We started working with the three typologies of workshops (i.e., traditional workshops, digital workshops, and mixed-methods workshops) to classify the ability of the different methods to involve participants in the participatory process. Subsequently, we broke down these categories into four variables to operationalize the assessment of potential patterns and validate the assumption that the level of digitalization is increasing and is associated with improvements in other qualities inherent in collaborative methods (Table 3). The variables that we could identify as present across our selection of studies were:



The year of publication—this is helpful to provide insights into whether any evolutionary patterns could be observed within the time range investigated. It is numeric and the only continuous variable.



The level of digitalization—this aims to identify the predominance of digital tools in the deployed method. In level 1 are categorized the studies that represent low digitality i.e., those based on analogical tools to mediate the process. Level 2 collects studies based on medium digitality. Level 3 includes all studies which represent the highest level of digitality, employing sophisticated tools such as mixed realities and digital platforms.



The level of participation—influenced by Arnstein’s ladder of citizens’ participation [4], we assigned three levels of citizens’ participation across the studies. Level 1 typically describes a study where participants were informed about the design. Level 2 includes studies where participants were involved in the design process. In level 3 are categorized the studies which aimed at collaboration with or among participants.



The level of interaction—this aims to identify how the tool enables participants to influence and change the design. In a level 1 study, participants were unable directly to manipulate the design, but they could give feedback. In level 2, the studies are based on mediated interaction, where a professional team supported the digital workshop tools according to the participants’ discussion. In level 3, the collected studies are based on indirect interaction, where the participants interacted with the digital workshop tools in a physical or virtual environment.




2.4. Analysis


The association between categories was tested using Spearman’s nonparametric correlation. The Spearman correlation allows for tests between categorical variables and–as in our case–a mixed sample of continuous and categorical variables [56]. The statistical significance was tested at 0.005 Alpha.





3. Results


Ideally, progress in participatory design should be observed as digitalization becomes more intensively employed. Consequently, digital tools would increase their capacity to support non-specialists to directly impact design outcomes. Figure 1 displays the studies we investigated, ordered chronologically with inputs colored from light to dark according to their rank. In this visualization, only the level of interaction variable seems to display any degree of evolution, while the other variables do not follow any evident patterns.



To gain further insight into possible correlations between variables not revealed through the visualization in Figure 1, we plotted the dataset with different combinations using a matrix of correlations (Figure 2). In this context, the chronological time variable was disregarded. We expected to be able to recognize patterns that suggest some degree of correlation between the variables; such patterns are usually described as linear or curved forms. Once more, no evident correlations could be observed.



Finally, we tested the correlations statistically using SPSS. The Spearman correlation was chosen since it can test correlations between continuous and categorical variables. In our case–although numeric–all variables were categorical except for the year of publication. Once again, none of the correlations between the tested variables succeeded in refuting the null hypothesis and they do not demonstrate statistical significance (Table 4).




4. Discussion


While collecting the sample for this project, we assessed several studies dedicated to exploring the digitalization of community workshops. This suggests that massive efforts have been made to develop and test new tools to empower workshop participants, with different degrees of success. Indeed, there is a strong consensus in the field on the potential of new technologies to overcome the challenges posed by collaborative design workshops in the complex context where urban design operates. However, when reflecting on the latent development potential of the so-called digital workshops, one might reach a set of assumptions.



(1) Digitalization. The most fundamental assumption would be that the tools employed in this field should become more sophisticated, because they built upon past experiences. Increments in digitalization would be a natural consequence of this process, since this is a ubiquitous phenomenon observed in other societal fields. Nevertheless, our results showed that this is not necessarily the case. Digital workshops–or in other words workshops deploying more sophisticated digital tools [16,47]–are underrepresented and some date from more than ten years ago. Contrary to the demand for digitalization in the field, manually deployed workshops e.g., [34], Guzman [8], etc., are still favored.



(2) Participation. That leads us to the second assumption, that digital tools will lead to higher levels of participation since they ease the engagement of participants. Once more, our results refute this assumption. There is no evident correlation indicating that digital tools consistently increase participation levels. For example, one study [16] used some of the most sophisticated digital tools, but the level of participation was restricted to involvement in the design process.



(3) Interaction. Finally, digitalization is expected to empower citizens, giving them a stronger voice in the design process through community workshops. That requires tools that allow more direct actions by all actors, reducing mediators’ impact. Our study shows that this pattern of development is not consistently recognizable. All studies based on non-mediated interaction of participants [10,11,35] were designed as traditional workshops operating by analogic means.



The digitalization of society has had tremendous impact on the behavior of citizens, as studies from different fields have shown [57]. The COVID-19 pandemic exposed how important it is to follow this trend [58]. However, contrary to expectations, patterns of development in the field do not point in the expected direction. Perhaps that indicates the need to create a digital community workshop agenda defining strategies to trigger more effective progress in the field, steering the research towards areas of impact. It could also indicate the need for multidisciplinary approaches enabling technological advancements to yield more socially oriented results and ultimately make planning processes more inclusive.




5. Conclusions


The technological advancements behind digital tools have had a great impact on people’s interactions in several sectors, with evolving efficacy in recent years. It may be stated that the primary purpose of any technology is to facilitate the execution of intended tasks, but that the implementation of technology ends up transforming the field in which it was deployed. This is applicable in the field of urban design, where simulation tools have recently gained importance. One of the main goals of sustainable urban development is to make cities more inclusive, so planning processes should consequently become more democratic. Thus, there is high demand for tools that allow a higher level of participation with more direct interaction between multiple stakeholders.



Despite growing awareness in the field of urban design about the role of participatory approaches, our findings reveal that coordinated actions between interdisciplinary teams to steer progress in the intended direction are still lacking. Many studies exploring the digitalization of the design process have failed to provide a more sophisticated level of user interaction. Conversely, other studies have explored more interactive experiences but have failed to offer more advanced levels of digitalization.



Furthermore, we were very surprised to note the scarcity of studies dedicated to exploring the associations between digitalization and urban design. Although the available number of studies is sufficient to give insights into the questions raised by this study, a larger body of research would help to solidify our conclusions and would contribute to the exploration of unexpected patterns. We consider this the major limitation of this study.



There are many ways to extend the scope of the present study. The use of blockchain technology, for example, could increase the capacity of digital workshops to turn them into more accessible platforms for direct exchanges among peers increasing both the reach of the tool (trust), the reliability of the feedback generated (traceability) and users’ safety (transparency) [59,60]. However, as mentioned previously, what we consider most urgent is the constitution of a comprehensive research agenda on digital collaborative design tools. Steering mechanisms–both practical and theoretical–are required to ensure that digital co-design overcomes the imminent trap of the digital divide.
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Figure 1. List of studies ranked using a three-point scale of categories according to their year of publication, levels of digitalization, participation, and interaction. 
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Figure 2. Matrix of correlations. The scattered diagrams do not reveal any clear patterns such as linear forms or curves to indicate a significant correlation between variables. 
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Table 1. Matrix of types of workshops according to three variables and levels derived from analysis of the sample studies.
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	Workshop Design
	Traditional Tools
	Mixed Tools
	Digital Tools





	Level of Participation
	Informing
	Involving
	Collaborating



	Level of Digitalization
	Low digitality
	Medium digitality
	High digitality



	Type of Interaction
	Feedback
	Mediated interaction
	Direct interaction
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Table 2. The three most influential papers in the field with twenty citations or more were detected and secured. They were added to the remaining studies filtered by chronological constraints.
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	Salter, J., Campbell, C., Journeay, M., & Sheppard, S. (2009). The digital workshop: exploring the use of interactive and immersive visualisation tools in participatory planning. Journal of environmental management, 90 6, 2090-101.
	178



	Batty, M., Chapman, D., Evans, S., Haklay, M., Kueppers, S., Shiode, N., Hudson-Smith, A., & Torrens, P. (2001). Visualizing the City: Communicating urban design to planners and decision-makers.
	152



	Mellis, D., Follmer, S., Hartmann, B., Buechley, L., & Gross, M. (2013). FAB at CHI: digital fabrication tools, design, and community. CHI ‘13 Extended Abstracts on Human Factors in Computing Systems.
	35
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Table 3. Assigning a numerical code to variables representing the categories derived by analysis of the sample of studies.
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	Workshop Design
	1

Traditional tools
	2

Mixed tools
	3

Digital tools



	Level of Participation
	1

Informing
	2

Involving
	3

Collaborating



	Digitality
	1

Low digitality
	2

Medium digitality
	3

High digitality



	Type of Interaction
	1

Feedback
	2

Mediated interaction
	3

Direct interaction










[image: Table] 





Table 4. Spearman’s rho correlation. None of the criteria tested showed significant correlation between the categorical variables (Alpha < 0.05).
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Year

	
Digitalization

	
Participation

	
Interaction






	
Year

	
Correlation Coefficient

	

	
−0.100

	
0.044

	
0.408




	
Sig. (2-tailed)

	

	
0.676

	
0.853

	
0.074




	
Digitalization

	
Correlation Coefficient

	
−0.100

	

	
−0.048

	
0.129




	
Sig. (2-tailed)

	
0.676

	

	
0.840

	
0.589




	
Participation

	
Correlation Coefficient

	
0.044

	
−0.048

	

	
0.025




	
Sig. (2-tailed)

	
0.853

	
0.840

	

	
0.917




	
Interaction

	
Correlation Coefficient

	
0.408

	
0.129

	
0.025

	




	
Sig. (2-tailed)

	
0.074

	
0.589

	
0.917
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