
ABSTRACT 

AHMADI OLOONABADI, SEYYED SAEED. A Novel Mobile Augmented Reality Participatory 

Platform to Engage Under-Resourced Communities in Improving Neighborhood Walkability. (Under the 

direction of Dr. Perver Baran). 

Research has shown that community engagement may mitigate disparities faced by under-resourced 

communities in terms of access to walkable neighborhoods. The emergence of digital participatory 

planning has created new opportunities to improve community engagement by saving participants time, 

reducing engagement costs, and expanding the inclusion of diverse stakeholders. However, further 

improvements are needed to make current digital methods more intuitive and interactive, increase their 

ability to foster two-way communication between the public and decision-makers, and improve 

accessibility for under-resourced communities. Moreover, the impacts of microscale features of the built 

environment (such as sidewalks) on walking behavior have rarely been assessed by subjective methods. A 

digital tool with in-situ visualization capabilities offers great potential to capture local residents' 

perceptions of such features. 

This dissertation addresses these two needs by introducing, demonstrating the use of, and evaluating a 

novel Augmented Reality Participatory Platform (ARPP) and its main component, a mobile augmented 

reality (mobile AR) app called CommunitAR. ARPP goes beyond current participatory planning methods 

by offering an in-situ, visually intuitive, and accessible tool for engaging communities – particularly those 

that are under-resourced – in finding design solutions for improving walkability. When used as a tool for 

the subjective assessment of microscale features, CommunitAR provides a mobile-based apparatus that 

enables pedestrians to visualize microscale features in situ and express their perceptions of how these 

features could impact walking in a street of interest. 

A mixed method design mainly guided by a community-based participatory research approach was used 

to collect a variety of quantitative and qualitative data from research participants. Volunteer community 

members from an under-resourced community in Charlotte, NC, carried out a series of activities to 

evaluate the participatory aspects of ARPP. Through these activities, the strengths and limitations of 

using ARPP as a digital participatory platform and CommunitAR as a subjective assessment tool for 

walking-related microscale features were evaluated. CommunitAR’s usability was also evaluated, first by 

experts in the field of human-computer interaction, and then by community participants. A design activity 

was conducted with graduate urban design students and the local government's urban planners to develop 

several walkable design scenarios. These scenarios were based on community feedback and ultimately 

were voted on by community participants.  



The findings suggest that ARPP is a valuable addition to current participatory planning and community 

engagement methods. It provides an intuitive way to visualize street features and future designs at their 

actual locations. ARPP enhances users' understanding of walkability conditions and the designs 

developed to address them by allowing users to experience such future alterations in situ. ARPP also 

makes community engagement more inclusive by providing the opportunity for participation to those who 

might not otherwise do so due to time and financial constraints or personal preference. Moreover, ARPP 

facilitates two-way communication between community members and decision-makers, allowing 

community members to directly provide feedback on walkability improvements to decision-makers and 

facilitating the presentation of design solutions to the community and acquisition of their votes. As a 

subjective assessment tool, CommunitAR provides rich contextual data through geotagged images of 

microscale features placed along the street, a quality important to the accurate analysis of street-level 

walkability. The findings of this dissertation contribute to participatory planning and physical activity 

research and practice. As a digital participatory platform, ARPP can be used in participatory planning 

efforts to engage communities – particularly those that are under-resourced – in identifying design 

solutions that improve walkability. As a subjective assessment tool for walking-related microscale 

features, CommunitAR collects unique sets of user-generated visual and spatial data, allowing researchers 

to gain a deeper understanding of the ways the built environment impacts walkability. 
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1.1. Background and research needs 

1.1.1. Community engagement in planning and design 

In the twentieth century, automobiles became the primary mode of transportation in the United States, 

generating auto-dependent, homogeneous, low-density urban developments (Handy, 2005). This form of 

growth contributed to a wide range of adverse consequences on the physical and social qualities of the 

environment and overall human health (Johansson et al., 2016; Knaap & Talen, 2005). One of the health-

related ramifications is physical inactivity, which has increased non-communicable diseases such as 

obesity, among others (Frank et al., 2004; Giles-Corti et al., 2016; Spence & Lee, 2003). Studies in urban 

planning and public health have shown that walking, the most prevalent form of physical activity 

(Humpel et al., 2004; Kelly et al., 2007; Leslie et al., 2007; Saelens et al., 2003; Suminski et al., 2005), 

mitigates these health consequences by enhancing levels of physical activity (Day et al., 2006; Lin & 

Moudon, 2010; Van Cauwenberg, Van Holle, et al., 2014). It is well-established that neighborhood design 

influences walking behavior (Giles-Corti et al., 2010; Saelens et al., 2003; Van Dyck et al., 2009), and 

therefore, developing neighborhoods that support walking (i.e., walkable neighborhoods) would likely 

alleviate health consequences of auto-dependent approaches to urban planning. 

Despite the benefits of walkable neighborhoods in terms of improving health, many lower socioeconomic 

status and racial-ethnic populations are not afforded equitable access to environments that encourage 

walking (Kelly et al., 2007). From this point forward, the term “under-resourced” community will be used 

to refer to such populations, rather than using terms such as “disadvantaged,” “marginalized,” and 

“minority,” in order to emphasize the importance of employing inclusive language. Under-resourced 

communities often live in less walkable neighborhoods, resulting in a broad spectrum of disparities that 

impacting their healthy lifestyles (Coughlin & Smith, 2016). One way to address such neighborhood-level 

disparities is by engaging under-resourced communities in improving their neighborhood environment 

(Adams et al., 2017) in ways that encourage walking (Kassavou et al., 2013; Krieger et al., 2009). 

Community engagement builds capacity to promote individual and community health and provokes 

resident-led solutions to enhance neighborhood conditions (Smith, 1973). Several conventional 

participatory planning methods such as public meetings, community-based workshops, and focus groups 

have been employed by decision-makers and governments to engage communities in planning and design 

(Ertiö, 2018; Rowe & Frewer, 2000, 2004; Sanoff, 2000). While these methods have been beneficial in 

involving residents in identifying solutions and facilitating design interventions (Ambrose, 2013), they 

usually fail to engage the entire community (Mueller et al., 2018). Conventional methods often demand 
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lengthy processes and require gathering places (Jasim et al., 2020), and thus are generally time-

consuming and cost-intensive and may discourage less privileged residents from participating. 

Integrating digital technologies into participatory planning may mitigate these issues (Lybeck, 2018) by 

facilitating the dissemination of information to the public (Macintosh, 2004) and expanding the 

involvement of broader sociocultural groups in design and planning (Ertiö, 2015; Saad-Sulonen, 2014). 

Various digital participatory planning methods such as digital participatory mapping (Brown & Kyttä, 

2014), online participatory tools (Afzalan et al., 2017), mobile participation (Ertiö, 2018), and immersive 

technologies (Al-Kodmany, 2002; Hanzl, 2007) have been developed for community engagement. These 

methods enable residents to produce and share information, problems, and solutions related to their 

neighborhood (Afzalan & Muller, 2018; Desouza & Bhagwatwar, 2014; Falco & Kleinhans, 2018; 

Steiniger et al., 2016). When data are generated and collected by residents, problems in the neighborhood 

are better identified (Atzmanstorfer et al., 2014; Haklay, 2010) and more effective solutions often 

suggested. Therefore, digital participation may help residents to address neighborhood-level issues, 

including those that hinder walkability. 

While digital participatory platforms often offer more inclusive participation than do conventional 

methods, many fall short in providing community engagement involving all residents (Brabham, 2009; 

Dickinson et al., 2019). Under-resourced communities continue to face issues related to the digital divide 

(Marzouki et al., 2017) such as access to appropriate digital technologies (Dickinson et al., 2019), the 

skills to use them (Pak et al., 2017), and the digital literacy necessary to understand their utility (Baykurt, 

2011). Research has suggested that mobile devices may have the potential to overcome some of these 

barriers (Boyera, 2007; Harpur & Villiers, 2012). Under-resourced populations frequently use mobile 

devices; for some, it is their only way to connect to the digital world (Tsetsi & Rains, 2017). The rate of 

smartphone ownership in under-resourced communities is similar to that of the general public (Rhoades et 

al., 2017), and therefore the use of smartphones does not exclude such community members from 

expressing their opinions during the decision-making process. Moreover, mobile devices are omnipresent 

and benefit from a range of sensors (Ertiö, 2015) such as global positioning system (GPS) and cameras, 

which allow all residents, including under-resourced community members, to gather and share 

information about their neighborhoods. Mobile devices have previously been used to engage communities 

in planning and design (Lybeck, 2018), and have shown promise in promoting inclusive community 

engagement (Ertiö, 2018). Therefore, a mobile-based digital participatory platform would be beneficial 

for engaging under-resourced communities in making decisions regarding their neighborhood 

environment. 
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Digital participatory platforms are heavily dominated by visuals such as images and maps (Hudson-Smith 

et al., 2002) that present existing and future data to stakeholders, such as proposed design and 

development interventions. Visuals are essential to improving participation (Khan et al., 2014) and 

enhancing inclusivity in community engagement (Al-Kodmany, 1999). Visual data improve spatial 

literacy and create a common language that enables designers and community members alike to 

communicate their design knowledge and ideas (Lovett et al., 2015; Senbel & Church, 2011). 

Particularly, in digital participation, visualization helps residents view existing conditions and future 

states of design interventions (Marzouki et al., 2017). However, many visualization technologies are not 

easily understandable by laypeople (Jamei et al., 2017), as they often create another world through digital 

media to represent the real world. Such incomprehensible spatial design visualizations are problematic as 

they reduce the engagement of lay citizens in decision-making (Gordon & Manosevitch, 2011). It has 

been argued that when visualization is offered in situ, public participation improves because such 

visualization facilitates the perception of design interventions on site (Lange, 2011) and encourages direct 

interaction with the real world (Wilson et al., 2019). Nonetheless, little has been done to develop a tool 

with such capabilities, and therefore there is a need for a digital participatory platform that offers intuitive 

in-situ visualization.  

Most digital participatory platforms currently in use primarily provide decision-makers only with the 

ability to inform the public, without necessarily involving them in giving feedback (Thiel & Fröhlich, 

2017). However, research has shown that two-way communication between the public and decision-

makers contributes to more effective community engagement (Hudson-Smith et al., 2002). Two-way 

communication allows decision-makers to acquire local knowledge, which has proven instrumental in 

design and planning (Bugs et al., 2010). Two-way communication also enables the public to actively 

collaborate on defining spatial problems (Macintosh, 2004) and helps decision-makers better understand 

those problems. Considering the mutual benefits of two-way communication for meaningful participation, 

a digital participatory platform offering this type of communication between community members and 

decision-makers is imperative.  

1.1.2. Assessing the microscale features of the built environment 

Research has demonstrated that the built environment impacts walking behavior on macro-, meso-, and 

microscales (Day, 2016, p. 201; Saelens & Handy, 2008). Macroscale attributes of the built environment 

such as residential density and street connectivity (Harvey & Aultman-Hall, 2016) mostly impact the 

layout and density of multiple neighborhoods. Mesoscale characteristics are often considered to be 

neighborhood-level (Kim et al., 2014), as they focus on factors such as density, land-use diversity, and 
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distance to transit (Cervero et al., 2009; Ewing & Cervero, 2010). Lastly, microscale features like 

sidewalks and biking infrastructure capture street-level elements of a neighborhood (Park et al., 2014; 

Sallis et al., 2015). It has been argued that modifying the built environment at the microscale level is often 

quicker and more cost-effective than macro- and mesoscale interventions (Phillips et al., 2017; Van 

Cauwenberg, Van Holle, et al., 2014), and hence are more practical for design interventions seeking to 

improve walkability. 

Measuring the built environment characteristics is required to fully understand how it might impact 

walking (Brownson et al., 2009; Maghelal & Capp, 2011). A wide range of objective, subjective, and 

combination methods have been developed to measure such characteristics (Brownson et al., 2004, 2009; 

Chiang et al., 2017; Lin & Moudon, 2010). Objective methods gather data through observations of the 

environment made in the field or virtually (Badland et al., 2010), or through administrative and archival 

GIS data (Brownson et al., 2009). In contrast, subjective methods acquire data through interviews and 

self-reported questionnaires and generally are based on residents’ perceptions (Brown et al., 2007). 

Microscale features are mainly assessed through objective methods (Cain et al., 2017; Millstein et al., 

2013; Steinmetz-Wood et al., 2019), though these methods often fail to fully capture pedestrians' walking 

experiences (Yin, 2017) and direct perceptions of the street environment (Park et al., 2014). Microscale 

features are identified on a street level. It is paramount to capture pedestrians’ perceptions of these 

features, and therefore a subjective method is needed that facilitates assessment of microscale features 

that contribute to improving walking. 

Assessing pedestrians’ walking-related perceptions is especially beneficial when carried out on site. 

Researchers have used methods such as walking and go-along interviews to capture pedestrians’ real-

world behavior (Battista & Manaugh, 2017; Lee & Dean, 2018), interviewing them as they walk in the 

environment to better understand their perceptions of neighborhood issues (Carpiano, 2009; Hand et al., 

2017; Jones et al., 2008). Place-based data collected through these methods provide rich information that 

cannot be otherwise achieved (Evans & Jones, 2011). Using visual representations of street features such 

as images (Bereitschaft, 2017) and manipulated pictures (Van Cauwenberg, Holle, et al., 2014) have also 

shown promise in assessing the built environment (Chow et al., 2014). The potential benefits of using in-

situ visualization methods to generate contextual data for assessing pedestrian perceptions may even be 

enhanced if they are integrated with a digital technology such as smartphones. 

Smartphones’ GPS, wireless connections, and other embedded sensors (Jee, 2017; Shoaib et al., 2014) 

make them powerful tools for collecting user-generated spatial data (Dörrzapf et al., 2019; Resch et al., 

2020), capturing pedestrians’ perceptions in situ. Smartphones also offer a unique means of visualizing 
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data (Büschel et al., 2017; Roberts et al., 2014) such as in pictures and 3D computer-generated models 

(Chittaro, 2006). These visualizations are beneficial for users in terms of perceiving the environment 

(Gordon et al., 2011) and gaining a thorough understanding of the space (Dennis et al., 2009). 

Smartphones have frequently been used to measure the impacts of the built environment on health (Miller 

& Tolle, 2016; Yun et al., 2019), but rarely – if at all – to help pedestrians assess microscale features of 

the built environment that impact walking. Therefore, there is a need for a mobile-based tool that offers 

in-situ visualizations for use in assessing the microscale features of the built environment that contribute 

to improving walking.  

1.1.3. Summary of research needs 

As discussed in Section 1.1.1, there is a need for a mobile-based digital participatory platform that 

engages residents, particularly in under-resourced communities, in finding solutions for improving 

neighborhood designs that support walking. This platform should allow for use in situ, be visually 

intuitive, and offer two-way communication between residents and decision-makers. Moreover, Section 

1.1.2 discussed the need for a mobile-based tool with in-situ visualization capabilities for subjective 

assessment of microscale features of the built environment that are believed to improve walking. The next 

section describes the research purpose, objectives, and questions posed to address these two overarching 

research needs. 

1.2. Research purpose, objectives, and questions 

This research builds upon the premise that mobile augmented reality (Mobile AR) has the ability to 

simultaneously address the two aforementioned needs (i.e., an in-situ and visually intuitive digital 

participatory platform that offers two-way communication and a mobile-based tool that provides in-situ 

visualization for the subjective assessment of microscale features). Mobile AR combines wireless 

communication and location-based services available in smartphones with augmented reality (AR), a 

technology that merges real and virtual objects (Azuma, 1997) by superimposing computer-generated 

content on the real world (Allen et al., 2011; Furht, 2011). Mobile AR has shown promise in visualizing 

designs in their real-world locations, resulting in an enhanced understanding of future design 

interventions (Billinghurst et al., 2015). This technology also offers intuitive visualization of designs, 

particularly when used outdoors (Rao et al., 2017; Wolf et al., 2020), making it very beneficial in 

exploring design interventions in situ before they are realized (Redondo et al., 2017).  
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1.2.1. Research purpose and objectives 

The purpose of this research is to develop, utilize, and evaluate a digital participatory platform using 

mobile AR, called the Augmented Reality Participatory Platform (ARPP). ARPP was developed to 

engage residents, particularly those in under-resourced communities, in finding solutions to improve the 

walkability of their neighborhoods. ARPP also allows residents to subjectively assess the microscale 

features of the built environment believed to improve walking through its main component, an AR app 

called CommunitAR. To address this research purpose, the following research objectives (Os) were 

identified: 

O1: Develop a digital participatory platform using mobile AR that engages under-resourced 

communities in finding solutions to improve neighborhood walkability. 

O2: Explore the potential of ARPP's main component, the AR app, for subjective assessment of 

microscale features of the built environment that contribute to improving walking.  

O3: Evaluate the extent to which ARPP's main component (the AR app) can effectively, 

efficiently, and satisfactorily be used by expert and novice users. 

O4: Evaluate the ARPP's participatory advantages and drawbacks in community engagement. 

The first two objectives (O1 and O2) dealt with developing ARPP and exploring how it could be used for 

community engagement and the subjective assessment of walking-related microscale features of the built 

environment. These objectives were achieved by addressing four questions called development questions 

(DQs). The last two objectives (O3 and O4) focused on evaluating the AR app’s usability and 

participatory aspects of ARPP. These objectives were fulfilled through two questions referred to as 

evaluation questions (EQs).  

1.2.2. Research questions 

The research questions included four development questions (DQs) and two evaluation questions (EQs), 

as follows:  

1.2.2.1. Development Questions 

To address O1, the following three development questions were identified: 
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DQ1.  At the conceptual level, how is ARPP broadly defined and articulated? 

DQ2.  What are the technical components of ARPP, and how are they related to each other? 

DQ3. How is the AR app, the main component of ARPP, utilized to engage under-resourced 

communities in finding solutions that improve neighborhood walkability?  

To fulfill O2, the following development question was specified: 

DQ4. How can the AR app be utilized in the subjective assessment of microscale features of the 

built environment that contribute to improving walking? 

1.2.2.2. Evaluation questions 

To address O3, the following evaluation question was identified: 

EQ1. Does the AR app provide effective, efficient, and satisfactory user interaction for both 

expert and novice users? 

To fulfill O4, the following evaluation question was specified: 

EQ2. What are the advantages and drawbacks of using ARPP in the process and outcomes of 

community engagement, as compared to a conventional method using printed maps?  

The first two development questions (DQ1 and DQ2) were conceptual and technical in nature; hence, no 

data collection was required to address them. However, all other questions (DQ3, DQ4, EQ1, and EQ2) 

were empirical and addressed by collecting data from a range of participants. The research design and 

methods employed to address these empirical questions are described briefly in the next section. 

1.3. Research design and methods 

ARPP is a digital participatory platform that uses mobile AR to engage residents, particularly in under-

resourced communities, in finding design solutions to improve neighborhood walkability. Through 

ARPP, residents can also assess microscale features of neighborhood streets believed to improve walking. 

To answer the empirical questions (DQ3, DQ4, EQ1, and EQ2), a mixed method design mainly guided by 

a community-based participatory research (CBPR) approach was used to collect a variety of quantitative 

and qualitative data from research participants. Mixed method research is useful for acquiring a rich 
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understanding of the issues impacting under-resourced communities (Mertens, 2007; Ponterotto et al., 

2013). CBPR is also an integral part of engaging these communities to address health-related needs and 

disparities (Ahmed & Palermo, 2010; Wallerstein & Duran, 2010). Therefore, a hybrid model utilizing 

these two approaches added strength to this study, which was designed to engage under-resourced 

communities in enhancing neighborhood-level walkability. 

Research participants included: (a) residents from North End neighborhoods (i.e., community 

participants) in Charlotte, North Carolina (NC); (b) graduate urban design students (i.e., student 

participants) at a public research university in NC, coached by urban designers and planners from the 

city's local government; and (c) experts in the field of human-computer interaction (HCI) working at a 

public research university in New Jersey. Research participants performed a range of activities that 

included participatory, evaluation, and design activities (see Figure 1.1). Community participants carried 

out the majority of activities for this research, including four participatory and two evaluation activities. 

Student participants and their coaches engaged in a design activity, and the HCI experts conducted an 

evaluation activity.  

Participatory activities engaged in by community participants (described below) and the design activity 

by student participants and their coaches (to create walkable street design scenarios) were implemented to 

address DQ3, DQ4, and EQ2. Evaluation activities for community participants (to assess the AR app’s 

usability and ARPP’s participatory aspects) and HCI experts (to assess the AR app’s usability) were 

carried out to answer EQ1 and EQ2. Figure 1.1 is a comprehensive diagram that includes the research 

participants and activities in which they were engaged, questions addressed in each activity, and data 

collected throughout this research. 

Community participants performed their activities (except evaluation activity 2, which focused on 

assessing the usability of the AR app) through a process informed by CBPR. A hybrid model intersecting 

CBPR and mixed method research (DeJonckheere et al., 2018) was adopted and modified to guide this 

process (see Figure 1.2). In their model, De Jonckheere and colleagues (2018) explored how and to what 

extent mixed method research was used in the seven phases of CBPR. These phases include: (1) forming 

a CBPR partnership, (2) assessing community strengths, (3) identifying priority issues and research 

questions, (4) designing and conducting research, (5) providing feedback and interpreting findings, (6) 

disseminating and translating findings, and (7) maintaining and evaluating CBPR partnership (De 

Jonckheere et al., 2018; Israel et al., 2013).  
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Figure 1.1. A diagram showing the main research components including participants, activities, research questions, and the data collected. Arrows indicate 

the sequence of qualitative and quantitative data collected in each activity and how the data generated in activities were used in the subsequent activities. For 

community participants, the relevant CBPR phase of each Participatory Activity (See Figure 2) and meeting numbers are also included. 
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Some of these phases were used either directly or indirectly to engage community participants in this 

research, and some were modified to fit the research purpose. CBPR is a continuum of efforts focusing on 

transforming community members into research partners who engage in different phases of the research 

process (Balazs & Morello-Frosch, 2013). While it is possible that along this continuum a full CBPR is 

not attained (Westfall et al., 2006), as much as a study can enable community participants to take active 

roles in research, it is considered CBPR (Jacquez et al., 2013). By using a CBPR approach, the present 

work enabled community participants to actively contribute to various phases of the research process. 

Community participants identified the research setting (i.e., the target street), walking-related street 

features specific to the community and target street, and appropriate walkable design scenarios for that 

target street. 

Phases 1 and 7 (i.e., forming a CBPR partnership and maintaining and evaluating that partnership, 

respectively) framed the partnership with the community. In line with Phase 1, a partnership with the 

North End Community Coalition (NECC), an alliance of eight North End neighborhoods, informed the 

collaboration with community participants. While a full partnership was not achieved, trust and 

relationships were established with NECC members and the entire community by participating in several 

NECC meetings and two community-wide events in North End neighborhoods, both of which featured a 

substantial number of community members. Moreover, suitable communication avenues between 

community participants and the researcher were established, and equitable participation was discussed 

with NECC leaders. Additionally, the researcher has maintained a relationship with NECC since the 

research started (i.e., Phase 7) and has been invited to community meetings to discuss matters related to 

and beyond the research scope, such as writing grants and providing digital appliances. Moreover, the 

researcher and NECC leaders informally evaluated the partnership in terms of its advantages and 

drawbacks for addressing the needs of the community.   

Phases 2 and 6 (i.e., assessing community strengths and disseminating findings, respectively) were 

indirectly utilized in this research. In line with Phase 2, before data collection began, the researcher 

informally involved community participants in addressing the potential environmental, social, and 

cultural strengths of their community. Similarly, in accordance with Phase 6, community participants 

shared with other community members in North End the research process and outcomes such as the map 

of less-walkable streets (see Figure 1.3) and street features identified by the community. Furthermore, 

community participants were (and will continue to be) engaged in presentations about this research at 

conferences, youth summer camps, and other related events. Phases 1, 2, 6, and 7 only informed the 

partnership with the community and research activities, and therefore are not reported in this dissertation. 

However, the remaining three phases of the CBPR process (i.e., Phases 3, 4, and 5) in large part guided 
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the data collection process with community participants, as depicted in Figure 1.2. Hence, the three 

phases were modified and reported upon accordingly in this dissertation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2. Diagram showing activities conducted for this research with community participants and their alignment 

with the phases of the CBPR process (adapted from De Jonckheere et al.,  2018). Activities and modified CBPR 

phases used in data collection that involved community participants are highlighted in dark and light purple, 

respectively. Related original CBPR phases are shown in gray. 

In accordance with Phase 3, participatory activities 1 and 2 were conducted to identify walkability issues 

in the neighborhood and understand walking-related community concerns and priorities. In participatory 

activity 1, community participants worked together to identify the least walkable street in the 

neighborhood as the target street for walkability improvements. Then, in participatory activity 2, 

community participants identified community-specific street features that would encourage or discourage 

walking for the target street. In line with Phase 4, community participants utilized ARPP (and a less 

advanced method with printed maps) in the participatory activity 3 to determine which location-specific 

street features were required to improve walkability for the target street. A range of qualitative and 

quantitative data was collected from participants through the AR app, printed maps, and focus group 

discussions. Lastly, to fulfill Phase 5, community participants were engaged in participatory activity 4 to 

provide feedback on walkable street design scenarios developed by student participants and their coaches 

and select the one most preferred. Moreover, they evaluated the process and outcomes of activities 

employed in this research during evaluation activity 3.  
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Figure 1.3. Map of less-walkable streets in the neighborhood as identified by community participants. Following 

data collection, participants shared the map with the community and used it in their meetings.    

Mixed method designs are often procedural; the data collected (or generated) in one phase is used in the 

subsequent phase(s) (Creswell & Clark, 2017). As depicted in Figure 1.4, community participants, the 

researcher, and student participants and their coaches collaborated in generating and using the data for 

this process. Community participants identified the target street in participatory activity 1 and used the 

inventory of street features (see Chapter 3) provided by the researcher to identify community-specific 

street features in participatory activity 2. In participatory activity 3, community participants using ARPP 

(through the AR app) and printed maps narrowed down the community-specific street features into 

location-specific features. Next, student participants and their coaches used the outcomes from 

participatory activity 3 to develop walkable street design scenarios (i.e., the design activity), which were 

then delivered to community participants to use in participatory activity 4. During this activity, 

community participants selected their preferred walkable street design scenarios through a voting process 

and shared them with the researcher. The researcher and community leaders then contacted the city's 

planners and designers to share the design scenarios selected by the community and other research 

outcomes.  
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Figure 1.4. Diagram showing the process by which research data were generated and used in collaborations 

involving the community, researcher, graduate urban design students, and their coaches. The purple and grey boxes 

represent activities and the data generated from those activities, respectively.  

1.4. Dissertation organization  

This dissertation is comprised of six chapters (see Figure 1.5), as follows: 

Chapter 1, the current chapter, summarizes the research background and needs, research purpose, 

objectives and questions, and research design and methods. 

Chapter 2 introduces ARPP on conceptual and technical levels and describes HCI experts and community 

participants’ evaluation of the usability of its main component (the AR app). Chapter 2 includes 

discussions of evaluation activities 1 and 2 and addresses DQ1, DQ2, and EQ1. 

Chapter 3 presents the AR app and demonstrates its use by community participants as a tool for the 

subjective assessment of microscale features that impact walking. Chapter 3 includes discussions of 

participatory activities 1 (briefly), 2, and 3, and addresses DQ4. The chapter also describes development 

of the inventory of microscale features relevant for use in the AR app. 

Chapter 4 outlines ARPP utilization by the target community and evaluates its participatory aspects by 

comparing it to a conventional community engagement method that uses printed maps. Chapter 4 focuses 

on the design activity, participatory activity 4, and evaluation activity 3 to address DQ3 and EQ2.  
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Chapter 5 concludes the research findings and summarizes the main implications and potential 

applications of utilizing ARPP (as a digital participatory platform) and the AR app (as a tool for 

subjectively assessing the microscale features that impact walking) in both research and practice. 

Seven appendices comprise the supplementary information for this dissertation. The appendices for 

Chapter 2 include the AR app’s heuristic checklist and task scenarios for HCI experts and community 

participants. The appendices for Chapter 4 are comprised of the flyer used to recruit community 

participants and the virtual charrette questionnaire and participation evaluation questionnaires for the AR 

and map community groups.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.5. Organization of the dissertation, including research questions, activities, and other contents covered in 

each chapter. Gray boxes indicate activities. 
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CHAPTER 2 

Augmented Reality Participatory Platform: A Novel Digital Participatory Planning and 

Community Engagement Method 

 

Abstract 

Engaging communities and utilizing local knowledge can alleviate the disparities faced by under-

resourced neighborhoods with regards to providing sufficient opportunities for walkability. Digital 

technologies have created new opportunities to improve community engagement by fostering active and 

meaningful citizen-government communication. Moreover, the ubiquity of smartphones and their 

situating and sensing capabilities make them powerful tools for creating user-generated content and 

diversifying users. This chapter introduces a novel digital participatory platform called the Augmented 

Reality Participatory Platform (ARPP). ARPP uses mobile augmented reality (mobile AR) to engage 

residents, particularly in under-resourced communities, in identifying the design improvements necessary 

to enhance neighborhood walkability. 

With recent technological advances in mobile AR and its potential for planning and design, integrating 

mobile AR into community engagement is timely. In the chapter, ARPP’s conceptual framework and 

technical components are described and its potential benefits for community engagement explained. At 

the conceptual level, ARPP intersects participatory planning and mobile AR to engage residents in 

decision-making. It provides a platform for two-way communication between residents and decision-

makers, with potential benefits for both groups. ARPP allows residents to actively engage in making 

decisions for their neighborhoods while interacting with design interventions in situ. ARPP also assists 

decision-makers in engaging communities in planning and design and enhancing their experiences in the 

neighborhood environment. At the technical level, ARPP consists of a mobile AR app, cloud-based 

database, and real-time mapping service. To determine if ARPP is user-friendly, experts and a group of 

residents from an under-resourced community evaluated the usability of the AR app and found that except 

for must-solve issues related to help and documentation, it is largely usable. 
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2.1. Introduction 

Walking, the most prevalent form of physical activity (Kelly et al., 2007; Leslie et al., 2007; Saelens, 

Sallis, & Frank, 2003), has shown considerable health benefits (Day et al., 2006; Lin & Moudon, 2010). It 

is well established that neighborhood design impacts walking behavior (Giles-Corti et al., 2010; Saelens, 

Sallis, & Frank, 2003; Van Dyck et al., 2009). A growing body of research has demonstrated that 

communities comprised of those of lower socioeconomic statuses and racial-ethnic backgrounds are 

disproportionately more likely to live in neighborhoods unsupportive of walking (Cutts et al., 2009; Kelly 

et al., 2007; Zhu & Lee, 2008), resulting in higher risks of physical inactivity and related health issues 

(Coughlin & Smith, 2016; Perez et al., 2011). It has been shown that such inequities can be reduced and 

their adverse outcomes mitigated if residents of these under-resourced communities are engaged in 

decision-making processes designed to improve neighborhood walkability (Adams et al., 2017; Mahmood 

et al., 2012; Sandt et al., 2016).  

Various conventional community engagement methods such as public hearings, town hall meetings, focus 

groups, and workshops have been developed to involve communities in planning and design (Horelli, 

2002; Rowe & Frewer, 2000, 2005; Sanoff, 2000; Stratigea et al., 2015). With community engagement, 

decision-makers are able to attain a unique understanding of neighborhood issues, in part by leveraging 

residents' local knowledge (Butterfoss, 2006) and ability to identify implementable solutions to improve 

disparities in neighborhood walkability. While conventional participation methods are designed to 

empower communities to address neighborhood issues (van Asselt Marjolein & Rijkens-Klomp, 2002), in 

reality, many do not provide inclusive engagement involving diverse stakeholders throughout the 

community (Bryson et al., 2013; Levine et al., 2005). These methods are often time-consuming and 

resource-intensive (Jasim et al., 2021; Mueller et al., 2018) and require participants to be physically 

present (Ertiö, 2015), which may hinder the participation of residents with multiple jobs or limited 

transportation access (Kleinhans et al., 2015).  

The emergence of Information and Communication Technology (ICT), Web 2.0, and Web 3.0 has 

inspired new participation methods (Jäske & Ertiö, 2019; Kubicek & Aichholzer, 2016) that address some 

of the barriers facing conventional community engagement (Ertiö, 2018). Digital participatory platforms 

such as Public Participation GIS (PPGIS) (Brown, 2012), mobile participation (Höffken & Streich, 2013), 

and social networking services (Afzalan et al., 2017) expand the inclusion of broader groups in public 

participation (Ertiö, 2015; Saad-Sulonen, 2014). Digital participatory platforms challenge the existing 

top-down power dynamics in public participation (Boudjelida et al., 2016) by enabling residents to 

collaborate on documenting and analyzing their environment (Chowdhury & Schnabel, 2020; Ertiö, 2018; 
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Falco, 2016). Moreover, digital participation is generally more affordable (Le Blanc, 2020) and provides 

virtual engagement opportunities for those with time and transportation limitations (Afzalan & Muller, 

2018). Digital participatory platforms also facilitate communication among all stakeholders (Desouza & 

Bhagwatwar, 2014) by accelerating the mutual flow of information. Despite these benefits, digital 

participation may fall short in terms of providing two-way communication between residents and 

decision-makers, as it is mainly used to inform the public via one-way channels of communication (Ertiö, 

2015; Thiel & Fröhlich, 2017). In community engagement, it is paramount that knowledge and 

information are communicated between the public and decision-makers in a way that expands the role of 

residents beyond that of bystanders and engages them in giving feedback on problems defined by 

decision-makers (Desouza & Bhagwatwar, 2014; Macintosh, 2004). Overlooking such communication 

can lead to ineffective public participation, and eventually, unsuccessful decision-making. 

Using visual data has been shown to be beneficial for fostering two-way communication among 

stakeholders, particularly with regards to neighborhood conditions (Annear et al., 2014). Visual data are 

widely used in digital participation, both in 2D such as with images and maps (Bartosh & Clark, 

2019), and 3D such as with digital models (Lovett et al., 2015; Yin & Shiode, 2014). While 2D visual 

data help communicate designers' intent, they are limited in terms of fully portraying spatial dimensions 

because arbitrary two-dimensional representations of three-dimensional designs are often employed 

(Christmann et al., 2020). In contrast, 3D visualizations provide extra spatial information (Yin, 2017) that 

may assist residents in better understanding design interventions (Steiniger et al., 2016). Among the 

different ways to disseminate 3D visual data, immersive technologies such as virtual reality (VR) and 

augmented reality (AR) have shown promise in providing more intuitive visualization (Bartosh & Clark, 

2019; Metze, 2020), making them powerful tools for engaging the public in design and planning (Al-

Kodmany, 2002; Hanzl, 2007). AR is an immersive technology (see Figure 2.1) that supplements reality 

(Allen et al., 2011) by superimposing computer-generated information onto physical environments (Furht, 

2011). AR differs from VR in that VR creates experiences fully immersed in the virtual world (Endsley et 

al., 2017; Ko et al., 2013; Redondo et al., 2017), while AR combines the real and virtual worlds (Azuma 

et al., 2001) and allows for direct interactions with the real world in real time (Suh & Prophet, 2018). AR 

introduces a new paradigm in delivering information (Tsai et al., 2016) by enabling users to 

simultaneously perceive physical and digital environments. 

Mobile AR has recently received significant attention because it merges AR with smartphones' wireless 

communication, location-based computing and services (LBS), camera, and Global Positioning System 

(GPS) sensors (Kourouthanassis et al., 2015). Smartphones are easy to handle, multi-functional, enhanced 

with situating and sensing technologies, and capable of running user-friendly apps to extend their 
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functionality (Ertiö, 2018). Smartphones are now ubiquitous, and virtually everyone can use them to 

generate data and participate in community matters (Evans-Cowley, 2010). Through mobile participation, 

residents can use smartphones to address neighborhood issues (Lybeck, 2018). When data are collected 

and documented by residents, neighborhood problems are better identified (Atzmanstorfer et al., 2014; 

Haklay, 2010), more informed decisions are made, and public participation is enhanced (Evans-Cowley, 

2010; Thiel & Fröhlich, 2017). Furthermore, smartphones are widely available to individuals who live in 

under-resourced communities (Pew Research Center, 2015), and for some they represent the only way to 

connect to the digital world (Tsetsi & Rains, 2017). This makes smartphones and other mobile-based 

technologies such as mobile AR powerful digital apparatuses for enhancing the inclusion of these 

communities in decision-making.  

 

 

 

 

Figure 2.1. Reality-Virtuality Continuum (adopted from Milgram et al., 1995). 

Recently, mobile AR has been used to engage the public in planning and design (Allen et al., 2011; 

Imottesjo & Kain, 2018; Reinwald et al., 2014). It has shown promise in enhancing the understandability 

of designs by improving the spatial perception of design alternatives in situ (Wolf et al., 2020). Moreover, 

mobile AR adds interactivity to public participation by providing intuitive visualization of neighborhood-

level design interventions on-site (Bartosh & Clark, 2019) and allowing participants to instantly place 

their design suggestions in the corresponding locations. Additionally, mobile AR provides visualization 

of design elements in 3D, which can be particularly helpful for involving novice users in public 

participation (Yin & Shiode, 2014). Despite the potential benefits of mobile AR for public participation, 

the technology has not yet been employed to engage residents, particularly in under-resourced 

communities, in improving neighborhood walkability. Decision-makers should involve under-resourced 

communities in participatory planning (Falco, 2016; Saad-Sulonen, 2014) to advance inclusion and equity 

in their decisions (Innes & Booher, 2004). While some digital participation methods provide inclusive 

community engagement, more effort is needed to develop digital participatory platforms suitable for 

communities with less digital literacy and limited access to the decision-making processes (Dutil et al., 
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2008; Thiel & Fröhlich, 2017). As a mobile-based technology available to under-resourced communities, 

mobile AR has the potential to further engage this population in planning and design.  

In this chapter, a novel digital participatory platform called the Augmented Reality Participatory Platform 

(ARPP) is introduced to address this need. ARPP is a mobile AR participatory platform that can be used 

to engage residents, particularly those in under-resourced communities, in finding design solutions to 

improve neighborhood walkability. The main component of ARPP is a mobile AR app called 

CommunitAR that was built to run on most smartphones, regardless of the operating system. Mobile apps 

allow for mobile participation that is accessible and free (or very affordable), and thus represent useful 

tools for engaging the public in design and planning matters (Ertiö, 2015). Digital participatory platforms 

are employed by various users with a variety of digital skills and experiences; therefore, they must be 

user-friendly (Stratigea et al., 2015). Users must be satisfied by their interaction with a platform’s 

interface when performing tasks (Haklay & Tobón, 2003). The degree of that satisfaction and whether the 

interface provides effective and efficient interactions are often gauged through usability evaluations 

(Newman et al., 2010). CommunitAR is the only component of ARPP with which users (residents) 

interact, and therefore only its usability was evaluated. 

In the following sections, the conceptual framework for ARPP as a mobile AR digital participatory 

platform for community engagement is described and its technical components explained. Then, usability 

evaluations of CommunitAR as carried out by experts in the field of Human-Computer Interaction (HCI) 

and laypeople from an under-resourced community are described, along with the findings. Following that, 

the ARPP conceptual framework is elaborated upon and its potential uses in engaging under-resourced 

communities and beyond in finding design solutions to improve neighborhood walkability are discussed. 

Finally, the lessons learned from usability evaluations are described. 

2.2. The augmented reality participatory platform 

ARPP is a novel digital participatory platform that uses mobile AR. It was developed to engage residents, 

particularly those living in neighborhoods with limited access to walking infrastructure, in finding 

planning and design solutions to improve neighborhood walkability. Conceptually, ARPP evolved from 

the domains of participatory planning and mobile AR in planning and design. Technically, ARPP consists 

of a mobile AR app (i.e., CommunitAR, the main component of ARPP), cloud-based database, and real-

time mapping service. In the following sections, the conceptual framework for ARPP is articulated and 

the technical components of ARPP and their interrelationships are described.   
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2.2.1. Conceptual framework of ARPP 

On a conceptual level, ARPP provides various potential benefits when used in community engagement by 

converging participatory planning and mobile AR for planning and design (see Figure 2.2). As a 

participatory planning method, ARPP provides a wide range of participation levels, communication 

modes, and relationship types for residents and decision-makers. As a mobile AR platform for planning 

and design, ARPP offers advantages to residents and decision-makers alike. The following two sections 

(i.e., participatory planning and mobile AR for planning and design) explain these potential benefits in 

detail.  

 

 

 

 

 

 

 

 

Figure 2.2. ARPP conceptual framework and overarching domains: (1) participatory planning (left) and (2) mobile 

AR for planning and design (right).  

2.2.1.1. Participatory planning 

In short, ARPP is a novel digital participatory planning method that can be used to engage residents in 

improving their neighborhood environment. Participatory planning is a set of practices in which 

individuals or a group of people use different tools to participate in the overlapping phases of planning 

and decision-making (Horelli, 2002). In participatory planning, all individuals, groups, and communities 

affected by design and planning decisions are involved (Smith, 1973) and their preferences and 

knowledge taken into consideration. ARPP’s domain of participatory planning articulates (1) the 

participation levels provided to engage residents in planning efforts, (2) communication modes offered 
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between residents and planning and design officials, and (3) relationship types facilitated between 

residents and decision-makers (see Figure 2.2, left). 

ARPP provides several levels of participation, including informing, consulting, involving, and 

collaborating. In participatory planning, planning actions are justified by the level of participation (Smith, 

1973); therefore, such levels are essential in guiding participation efforts and assessing planning 

interventions. Particularly in digital participation, one model that is widely used in planning research and 

practice to articulate participation levels is the Spectrum of Public Participation created by the 

International Association of Public Participation (IAP2) (Brown, 2012; Brown & Chin, 2013; Fredericks 

& Foth, 2013). IAP2 defines participation as a spectrum of actions that span five levels, including Inform, 

Consult, Involve, Collaborate, and Empower (IAP2, 2018). At the Inform level, information is provided 

to the public to help them understand issues and solutions. The Consult level acquires feedback from the 

public, while the Involve level engages them in taking those concerns into account. At the Collaborate 

level, a full partnership with the public is established to engage them in decision-making, and the 

Empower level enables the public to make final decisions (IAP2, 2018). While ARPP might not reach the 

Empower level and place final decisions in the hands of residents, it can potentially make all other 

participation levels available.   

ARPP was developed to enable residents to communicate with planning officials, planners, and designers 

in a two-way fashion. In addition to participation level, the IAP2 model categorizes communication 

modes between the public and decision-makers (Nabatchi, 2012). The Inform and Consult levels offer 

one-way communication, as in these levels the information is shared with the public by officials. The 

Consult level may also provide two-way communication by allowing the public to respond to the 

information and ask questions of decision-makers. At the Involve and Collaborate levels, communication 

is two-way. As the participation levels progress, two-way communication evolves into deliberative 

communication. At the Collaborate and Empower levels, deliberative communication ensures that the 

participatory process is equally accessible by and understandable to all (Nabatchi, 2012). At the pinnacle 

of deliberative communication, the authority to make decisions is fully shared between residents and 

decision-makers (Nabatchi, 2012). While deliberative communication is ideal in that it fully empowers 

the public to engage in decision-making, reaching that state is ambitious for a digital tool such as ARPP. 

However, ARPP provides a functioning means of two-way communication in which residents can express 

their opinions and preferences about street features and walkable street designs and decision-makers can 

present the walkable design alternatives available.     
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In addition to participation levels and communication modes, the relationship between the public and 

decision-makers plays an important role in explaining participatory planning. ARPP allows community 

members to actively engage in making decisions affecting their neighborhoods and interactively access 

and give feedback on design alternatives developed by decision-makers. As the communication mode 

transcends from one-way to two-way, the communication mechanism between the public and decision-

makers moves from passive monologue to active dialogue and finally to fully interactive relationships 

(Stauskis, 2014). Interactive relationships enable the public to have direct access and provide reliable 

feedback on goals, processes, and the consequences of planning identified by the government (Stauskis, 

2014). When participatory planning offers interactive relationships facilitated by digital participation, 

residents become co-creators of designs (Hjerpe et al., 2018). As a digital participatory platform, ARPP 

goes beyond the passive relationship between residents and decision-makers and facilitates both active 

and interactive relationships, particularly through the use of smartphones. 

2.2.1.2. Mobile AR for planning and design 

ARPP utilizes mobile AR to engage communities in neighborhood planning and design. Research has 

suggested that mobile AR is capable of providing a spectrum of services to planners, designers, and the 

public that range from engaging communities (Allen et al., 2011; Imottesjo et al., 2020) to visualizing 

spatial information on-site (Haynes et al., 2018). As a mobile AR platform, ARPP provides several 

potential benefits to both planners and designers and the community (see Figure 2.2, right). For planners 

and designers, ARPP provides a mobile-based tool for gathering information, enhancing residents’ 

placed-based experience and engaging them in planning and design. ARPP also equips the community to 

engage in in-situ perception, visualization, manipulation, and interaction with virtual street features and 

designs. 

ARPP allows planners and designers to engage communities in generating and collecting spatial data in 

situ and enhancing their experience in the space. Digital technologies offer three important functionalities 

for decision-makers, including gathering information to understand a place, providing information about a 

space in which to experience the place, and engaging communities in planning and design (Houghton et 

al., 2014). Conceptually, smartphones provide the same opportunities to planners and designers. They 

have been used by planning authorities to collect context-aware data from local residents and distribute 

environmental data to them (Ertiö, 2018; Evans-Cowley, 2010). Smartphones have also been used to 

engage a multitude of stakeholders in decision-making through mobile participation methods (Ertiö, 

2015; Höffken & Streich, 2013). ARPP provides all three capabilities. First and foremost, ARPP is a 

digital participation platform for engaging communities in design and planning. ARPP can also be 
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employed to collect a range of information (i.e., images, comments, and geospatial data) generated by 

community members. Lastly, planners and designers can use ARPP to enhance the experience of users of 

a place by augmenting virtual street features and designs in the actual environment. 

ARPP enables members of the community to perceive, manipulate, and interact with street features and 

design alternatives, all in situ. In general, AR affords users to perceive, manipulate, and interact with tAR 

content (i.e., digital information such as text, images, and 3D models used in AR experiences) (Scholz & 

Smith, 2016). Users perceive the AR content when it is visualized as 3D (and occasionally 2D) 

representations of designs in real time and on-site (Porter & Heppelmann, 2017). Users can also 

manipulate AR content to control what and how that content is visualized and experienced. Moreover, 

interaction offers users full engagement with the AR content (Scholz & Smith, 2016) and surrounding 

environment (Porter & Heppelmann, 2017). ARPP provides users with full affordances of AR through 

perception and manipulation of and interaction with the AR content. The AR content can include virtual 

street features, walkable design alternatives, and their associated data such as images, GPS information, 

and comments (as described in Section 2.2).  

Utilizing mobile AR, ARPP offers community members intuitive visualization in situ. In planning and 

design, visualization improves spatial literacy, which is useful to laypeople in understanding complex 

designs (Senbel & Church, 2011). Moreover, visualization enhances communication between community 

members and decision-makers (Metze, 2020), as it creates a mutual language (Lovett et al., 2015). In 

particular, when design visualization is provided on-site, the chances of making better decisions improve 

(Lange, 2011) because novice users can view designs materialized in their corresponding locations. 

Mobile AR facilitates such in-situ visualization (Haynes et al., 2018; Wolf et al., 2020) and therefore is a 

substantial asset. As a mobile AR platform, ARPP is capable of visualizing suggested street features and 

design alternatives in their actual locations in the real environment.   

2.2.2. Technical components of ARPP 

At the technical level, ARPP integrates three components: a mobile AR app called CommunitAR, a 

cloud-based database (i.e., Firebase Realtime Database, hereafter Firebase), and a real-time mapping 

service (i.e., Google Maps). CommunitAR is the main component of ARPP, as the AR contents are 

experienced and generated through it by users. Residents experience 3D models of virtual street features 

(such as sidewalks) and design alternative(s) through CommunitAR and generate different types of data. 

Data are stored for decision-makers in Firebase and visualized in Google Maps through its Application 

Program Interface (API). Firebase is a cloud-based Non-Relational Structured Query Language (NoSQL) 
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database by Google that provides real-time data access and synchronization. The NoSQL database stores 

data in an unstructured way in a JavaScript Object Notation (JSON) format, a popular data format derived 

from the JavaScript programming language (Pezoa et al., 2016). Google Maps API is a service provided 

by Google that consists of a set of JavaScript classes used to embed interactive Google Maps on the web 

(Zhu, 2012). The ARPP architecture and connections among its components are shown in Figure 2.3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.3. Technical components of ARPP, including CommunitAR, Firebase Realtime Database, and Google 

Maps (and its API).   

CommunitAR was developed for both Android and iOS devices, using Unity and the Vuforia Software 

Development Kit (SDK). Unity is a cross-platform game engine that is widely used to develop AR apps. 

Vuforia SDK is a free Unity package that uses computer vision and positioning technologies in 

smartphones to place 3D models in the real world (Peng & Zhai, 2017). CommunitAR runs outdoors and 

uses markerless tracking to trigger AR experiences. Mobile AR apps employ two major tracking systems 

to place objects: sensor-based and vision-based. Sensor-based tracking uses GPS, Wi-Fi, and internal 

sensors such as gyroscopes and accelerometers, while vision-based tracking utilizes the smartphone’s 

camera to find a marker (marker-based) or the ground plane (markerless) (Imottesjo et al., 2020). A 

markerless tracking system was employed in CommunitAR, as GPS tracking is imprecise for outdoor AR 

and markers are often impractical (Rao et al., 2017).  
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CommunitAR has two modes, COM for experiencing virtual street features and VIZ for experiencing 

design alternative(s). Virtual street features in COM mode and design alternatives in VIZ mode are 

preloaded onto CommunitAR as FBX format 3D models created in SketchUp. In the COM mode, users 

can select an array of virtual street features, place them in the real environment, and manipulate them 

until the intended location, orientations, and size are reached (see Figure 2.4.a). Users can also capture 

screenshots of scenes and immediately share them with their comments through social networking 

platforms and multimedia messaging systems (MMS). The time and GPS information are displayed on 

CommunitAR’s interface and when screenshots are captured, automatically stored on the device’s 

memory. The VIZ mode of CommunitAR enables users to place and visualize the entire design 

alternatives in their actual locations (see Figure 2.4.c). Users can also use VIZ to vote on their preferred 

designs by applying smiley faces, and indicate the reasons for their selections by inscribing them through 

the app interface (see Figure 2.4.d). To vote, users need to authenticate their identity by providing an 

email address and password. When prompted, CommunitAR sends two types of data to Firebase: street 

feature data (i.e., captured screenshots and their associated GPS and time information) and voting data 

(i.e., votes and comments). For security reasons, CommunitAR does not have access to the phone’s 

gallery and instead uses a dedicated Gallery to store street feature data (see Figure 2.4.b). CommunitAR 

offers users the ability to share screenshots through this Gallery via social networks and MMS, as well as 

bulk uploading from the start page.  

 

 

 

 

  

(a) 

(c) 

(b) 

(d) 

Figure 2.4. CommunitAR’s interface in different modes: (a) COM: A street feature (bike lane) placed in the street 

environment and ready for screenshots. GPS and time information are shown in the top-left corner of the screen. (b) 

COM: Gallery for viewing, deleting, or sharing screenshots. (c) VIZ: The screen before (top) and after (bottom) a 

design alternative is placed. (d) VIZ: Face emojis for voting on the overall design and a space to add comments. 
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Firebase is used as CommunitAR’s back-end service. The Storage, Database, and Authentication sections 

of Firebase handle the data received from CommunitAR and sent to the Google Maps API. When 

uploaded by CommunitAR users, street feature data are stored in Firebase’s Storage. Firebase’s Database 

handles voting data, and Firebase’s Authentication communicates with CommunitAR to validate users. 

An email and password are used for authentication. Users enter an email and password to sign up for the 

first time, and following that, only sign-in is required for authentication. While authentication is necessary 

to make public participation secure, the process was designed to be very simple to avoid registration 

hesitancy. The Google Maps API is used to import datapoints (i.e., captured screenshots, GPS, and 

timestamps) from Firebase’s Storage and visualize these data in a customized Google Maps interface (see 

Figure 2.5). Decision-makers have access to the Firebase console to view the contents of the Storage and 

Database sections, including street features and voting data. They can also view customized Google Maps 

pages with street feature data visualized in the corresponding locations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.5. A customized Google Maps interface with screenshots of street features and related comments in the 

corresponding locations. 
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2.3. Usability evaluation of CommunitAR: Methods 

Systems such as AR apps are considered usable when they create effective, efficient, and satisfactory 

experiences for users (Brooke, 2013). Whether or not a system is usable is addressed through a wide 

range of evaluation methods developed in HCI (Hartson et al., 2003). Usability evaluations of AR 

systems, apps, and prototypes are conducted by experts, and more commonly, by users (Dünser & 

Billinghurst, 2011; Kostaras & Xenos, 2009). Different expert-based evaluation methods such as heuristic 

evaluation and cognitive walkthroughs have been developed for expert evaluations (Bowman et al., 

2002). Among such methods, heuristic evaluation is affordable, fast, and convenient (Yáñez-Gómez et al., 

2014) and has shown better results in terms of detecting issues. For user evaluations, a range of methods 

such as testing and inquiry are available (Ivory & Hearst, 2001). Inquiry methods offer more affordable 

and quicker ways of collecting information (Martınez & Bandyopadhyay, 2014; Yáñez-Gómez et al., 

2014). In order to obtain a full understanding of a system's usability, it is suggested that user-based 

inquiry methods be combined with other user-based or expert-based methods (Guimarães & Martins, 

2014; Kostaras & Xenos, 2009). In this study, the usability of CommunitAR was first assessed by the 

expert-based method of heuristic evaluation and then the user-based inquiry method of a usability 

questionnaire. The usability evaluation was performed in February 2020 as part of a larger study to 

demonstrate the use of ARPP in public participation. 

2.3.1. Participants 

Three HCI experts from a public research university in New Jersey participated in the heuristic evaluation 

of CommunitAR. Subsequently, four members of the North End community, a predominantly racial-

ethnic community in Charlotte, North Carolina (NC), performed the usability evaluation. To recruit 

experts, one expert was contacted directly by the lead researcher, and that individual recruited two more 

experts from his lab. One of the three experts was female, one was White, and no incentives were 

provided to conduct the heuristic evaluation. Community participants were recruited by North End 

community leaders through paper flyers, word of mouth, emails, and announcements on a social 

networking platform. All community participants were Black, and three were female. Community 

participants received a monetary gift card, food, refreshments, and light snacks in exchange for 

conducting the usability evaluation. All participants were adults over 18 years of age, and the study was 

approved by NC State [to be hidden for review] University's Institutional Review Board.  

 



 

39 

 

2.3.2. Usability evaluation instruments 

Two paper-based instruments were developed to assess the usability of CommunitAR: a heuristic 

checklist for the experts and usability questionnaire for the community participants. For the heuristic 

checklist, in addition to the infamous 10 heuristics developed by Nielsen (1994), satisfaction and accuracy 

(Guimarães & Martins, 2014) and privacy (Yáñez-Gómez et al., 2014) heuristics were also used. For the 

sub-heuristics of each heuristic in the checklist, those developed by Yáñez-Gómez et al. (2014) for mobile 

interfaces and Guimarães and Martins (2014) for AR applications were employed. Only sub-heuristics 

potentially related to mobile AR apps were included. The resulting checklist (see Appendix 2.1) consisted 

of 13 heuristics (see Table 2.1) and 66 sub-heuristics. Experts responded ‘Yes’ or ‘No’ to each sub-

heuristic. 'Yes' responses meant that the expert was satisfied with the sub-heuristic and indicated that no 

problem was found. Conversely, 'No' responses meant that the expert was unsatisfied with the sub-

heuristic and some problems were found. For sub-heuristics with 'No' responses, the experts identified the 

problem and its severity and provided possible solution(s). Severity rates ranged from 1 to 4. A rating of 1 

indicated cosmetic problems that should be fixed only if extra time was available, 2 meant minor 

problems, 3 major problems, and 4 indicated problems that must be fixed (Guimarães & Martins, 2014). 

Space was provided at the end of the heuristic checklist for experts to comment on problems not included 

in the checklist and possible ways of solving them. 

For community participants, a usability questionnaire with 13 statements (see Table 2.2) was developed 

by modifying the questionnaire developed by Martınez and Bandyopadhyay (2014). Each statement was 

rated on a five-point rating scale, where 1 meant strongly disagree and 5 indicated strongly agree. Extra 

space was provided for comments on each statement and other issues that community participants 

experienced when interacting with the app. Except for one statement (i.e., U8: The app had many errors 

and/or crashed), all were positively worded and a higher rating meant fewer issues. Often in usability 

questionnaires, altered statements with negative wordings are used to mitigate response bias (Brooke, 

2013). However, as Sauro and Lewis (2011) indicated, response bias is not significant, and positive 

statements are encouraged. Consequently, only one negative statement was used, and the scale was 

reversed in the analysis to avoid miscoding. 
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2.3.3. Usability evaluation procedure 

2.3.3.1. Heuristic evaluation by experts 

 To perform the heuristic evaluation, experts first read and signed the informed consent form. Two 

devices (one Android and one iOS) with the app pre-installed were randomly given to two participants. 

One participant chose her iOS smartphone and installed the app on the day of the evaluation. Then, a 

printed information package that contained unique IDs randomly assigned for the authentication process, 

three task scenarios (see Appendix 2.2), and a vicinity map of a street close to the lab (see Figure 2.6.a) 

was provided to evaluators. The experts were asked to walk to the street and perform each task at the 

associated location (see Figure 2.7, left). They were required to perform the first and second tasks on the 

east and west sides of the street (Locations 1 and 2 on the vicinity map, respectively). The third task was 

at an intersection (Location 3 on the vicinity map). The experts had the freedom to use the app’s interface 

several times to perform the tasks. 

 

 

 

 

 

 

 

Figure 2.6. Vicinity maps of the streets used by (a) experts and (b) community members to perform the usability 

evaluation tasks. The numbers show the locations of the tasks to be performed. 

Notes: In map (a), arrows represent the direction each expert was required to walk to perform the first and second 

tasks (along the dotted line) or look to perform the third task. GITC indicates the lab’s location. In map (b), obtuse 

angles indicate the angles community participants were required to look to perform tasks. Step marks show the path 

from the meeting place (HYGGE) to the location of each task.  

he first and second tasks were performed to assess the usability of the app’s COM mode and included 

selecting virtual street features, placing them in a real environment, taking screenshots, and sharing them 

via MMS or social networking platforms. The third task focused on the usability of the app’s VIZ mode 

(a) (b) 
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and was performed to assess the authentication process, visualization of the entire virtual street design 

over the real environment, and voting capabilities. For the first task, evaluators were asked to stand on the 

east side of the street (Location 1 in Figure 2.6.a), select one virtual street feature of their interest, and 

place it in a location on the same side of the street. Evaluators had to manipulate the virtual feature as 

needed, take one or several screenshots of the scene, and share the screenshot(s) and their comments on 

the study’s Facebook page. The second task was designed to be similar to the first, except that the experts 

had to select a predefined virtual feature (a bike lane) while standing on the other side of the street 

(Location 2 in Figure 2.6.a) and share the screenshot(s) via MMS with the researcher. For the third task, 

evaluators were asked to stand at an intersection (Location 3 in Figure 2.6.a), sign in with their unique ID, 

and separately place in the real environment two 3D virtual design alternatives specifically created for the 

street. Evaluators had to vote on their preferred design alternative using the face icons and add comments 

indicating the reasons for their selections.  

Following the on-site experience, experts returned to the lab and responded to the heuristic checklist to 

evaluate CommunitAR’s usability (see Figure 2.7, right). All rating scores and associated comments were 

summarized in a table and discussed in a debriefing session following the evaluation. The debriefing 

session was used to reach a consensus about the usability issues found during the evaluation and 

brainstorm possible guidelines and solutions. CommunitAR was updated based on the guidelines for 

must-solve problems mainly related to the app’s help and documentation and minor cosmetic issues. 

Then, its usability was evaluated by community participants. The heuristic evaluation took around three 

hours. 

 

 

 

 

 

 

Figure 2.7. Experts performing evaluation tasks on the street (left) and filling out the heuristic checklist (right) to 

assess the usability of CommunitAR. 
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2.3.3.2. Usability evaluation by community participants   

First, community participants attended a training session to become familiar with CommunitAR. They 

were asked to download and install the app on their devices and connect to the study’s Facebook group. 

They were also provided with a printed information package that contained randomly assigned unique 

IDs, a vicinity map of a street (see Figure 2.6b) located near the meeting place, and two task scenarios 

(see Appendix 2.3). Then, all community participants were asked to run the app, read the Terms and 

Conditions, and authenticate their credentials on their devices. Following that, community participants 

moved outdoors to perform the tasks in situ (see Figure 2.8, left). Compared to those of the experts, their 

tasks were restricted in scope to only assess the app’s COM mode for selecting virtual street features, 

placing them in a desired location, taking screenshot(s), and sharing them via Facebook or MMS. This 

restriction made the evaluation feasible for those who had no prior experience with mobile AR apps.  

For the first task, participants were asked to stand at a designated location on the street (Location 1 in 

Figure 2.6.b), select one virtual street feature of interest that they thought would encourage walking, and 

place it on either side of the street. Community participants had to manipulate the virtual feature as 

needed (e.g., move, rotate, scale up/down), take screenshot(s), and share them on the study’s Facebook 

page, along with their comments. For the second task, participants were asked to move to another location 

on the street (Location 2 in Figure 2.6.b) and repeat the same task but using the remove button to indicate 

one feature that would discourage them from walking. Then, participants returned to the meeting place to 

respond to the usability questionnaire (see Figure 2.8, right). This was followed by a focus group 

discussion in which participants shared their ideas about their experience with CommunitAR and 

provided general suggestions to improve its usability. Community participants also discussed other issues 

that may not have been addressed in the questionnaire. The usability evaluation took around two hours. 

 

 

 

 

 

Figure 2.8. North End community members performing usability evaluation tasks on the street (left) and filling out 

the questionnaire (right) to evaluate the usability of CommunitAR. 
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2.4. Results of usability evaluations by experts and community participants 

Of the 66 sub-heuristics evaluated by the experts, no issues were found for 18. Three of these sub-

heuristics were related to privacy (H13), making it the only heuristic with no usability issues (see Table 

2.1). For the other 48 sub-heuristics, the experts identified problems and rated them to indicate their 

severity (1 for cosmetic, 2 for minor, 3 for major, or 4 for must-solve). For analysis purposes, a rating of 

zero (0) was added to indicate no usability issues.  

Table 2.1. Heuristics for the Heuristic Evaluation by Experts, Number of Their Associated Sub-heuristics, and 

Number of Sub-heuristics with No or Some Usability Issues. 

Heuristic 

number 

Heuristic Number of 

sub-heuristics 

Number of sub-heuristics 

(and percentage) with no 

usability issues identified 

by the three experts 

Number of sub-

heuristics (and 

percentage) with some 

usability issues (rated 

1, 2, 3, or 4) as 

identified by the three 

experts 

H1 Visibility of system status 12 4 (33.4%) 3 (25%) 

H2 Match between system and the 

real world 

6 1 (16.7%) 0 

H3 User control and freedom 6 2 (33.4%) 0 

H4 Consistency and standards 3 2 (66.7%) 0 

H5 Error prevention 6 2 (33.4%) 0 

H6 Recognition rather than recall 4 0 1 (25%) 

H7 Flexibility and efficiency of use 3 0 0 

H8 Aesthetics and minimalist design 7 2 (28.5%) 0 

H9 Help users recognize, diagnose, 

and recover from errors 

1 0 0 

H10 Help and documentation 9 1 (11.2%) 1 (11.2%) 

H11 Satisfaction 4 1 (25%) 0 

H12 Accuracy 2 0 0 

H13 Privacy 3 3 (100%) 0 
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Five sub-heuristics were identified as problematic by all three experts, three of which were related to the 

visibility of system status (H1). These sub-heuristics included giving full information to users about 

progress in response to delays greater than 15 seconds (rated 3, 3, 3), satisfactory loading time to place 

and display objects (rated 2, 3, 2), and offering visible clues to users for hand gestures (rated 2, 3, 1). The 

other two sub-heuristics were the availability of context-sensitive help (related to H10 and rated 2, 4, 3) 

and giving users feedback to start the next action after completing the previous (related to H6 and rated 2, 

3, 2). Moreover, 11 sub-heuristics (two related to H1, one to H2, two to H3, two to H5, one to H7, two to 

H10, and one to H11) were perceived as problematic by two experts. Lastly, all sub-heuristics of four 

heuristics (10 sub-heuristics in total) were identified as having some usability issues by at least one 

expert. The four heuristics included recognition rather than recall (H6), flexibility and efficiency of use 

(H7), help users recognize, diagnose, and recover from errors (H9), and accuracy (H12).   

Only six sub-heuristics, all related to help and documentation (H10), were rated with 4’s by at least one 

expert, indicating that they would have to be resolved before CommunitAR was evaluated by community 

participants. Three of these sub-heuristics included the availability of context-sensitive help (rated 2, 4, 3), 

visibility of the help function (rated 0, 4, 3), and convenience of accessing help and returning to work 

(rated 1, 4, 0). The other three sub-heuristics were only rated by one expert as must-solve problems and 

included switching between help and work, easy navigation, and resuming work after accessing help (all 

rated 0, 4, 0). Before the assessment by community participants, CommunitAR’s interface was updated 

with extra help descriptions and graphics to address these must-solve issues. 

When the app’s usability was evaluated by community participants, in most cases (83%), they either 

agreed or strongly agreed with usability statements asserting that they did not find any issues (see Table 

2.2). All four participants agreed or strongly agreed (rated 4 or 5, respectively) on almost half of the 

statements (six out of 13), and for all 13 statements, at least one participant strongly agreed. Of all 

statements, only three were rated strongly disagree or disagree (rated 1 or 2, respectively) by at least one 

participant, indicating usability issues. These statements were the messages that appeared in the app were 

self-explanatory and I understood them (U2 rated 5, 4, 2, 4), the authentication process was smooth (U7 

rated 1, 5, 4, 5), and if error messages appeared, they were clear in their description and the potential 

steps for recovery were provided (U9 rated 5, 5, 2, 3). One participant strongly disagreed with U7, and 

one participant disagreed with statements U2 and U9. In addition to these issues, in the focus group 

discussion, community members discussed the screen orientation of the app. They mostly supported the 

landscape orientation, and one participant indicated that “landscape makes sense to me because it gave me 

a bigger picture.”  
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Table 2.2. Usability Evaluation Statements and Associated Ratings by Community Participants (n = 4). 

Statement 

number 

Statement Participant ratings 

U1 The app provided me with enough feedback on what I was working on 

so I was not confused or lost while performing the task. 

3, 5, 3, 4 

U2 The messages that appeared in the app were self-explanatory and I 

understood them. 

5, 4, 2a, 4 

U3 I was in control of the app at all times. 5, 4, 3, 5 

U4 I could easily undo/redo any action if I felt to do it. 5, 4, 4, 5 

U5 Navigation through the app was easy. 5, 4, 3, 4 

U6 If I mistakenly chose the wrong feature/design scenario, I could easily 

stop placing it in the scene. 

5, 4, 4, 5 

U7 The authentication process was smooth. 1, 5, 4, 5 

U8 The app had many errors and/or crashed. 5, 4, 4, 5 

U9 If error messages appeared, they were clear in their description and the 

potential steps for recovery were provided. 

5, 5, 2, 3 

U10 The option to select the desired function was always clear and 

available all the time. 

5, 4, 4, 3 

U11 Icons helped me understand the appropriate functionality of available 

options. 

5, 4, 4, 4 

U12 It was easy to find the desired option at any time. 5, 4, 4, 4 

U13 Visually. the app was well-designed. 4, 4, 5, 4 

Note.  
a lower ratings (i.e., strongly disagree (1) and disagree (2)) appear in bold.   

2.5. Discussion 

In this chapter, a novel digital participatory platform called ARPP was presented, along with the usability 

evaluation of its main component, CommunitAR, performed by HCI experts and community participants. 

ARPP utilizes mobile AR to engage communities, particularly in under-resourced neighborhoods, in 

finding design solutions to improve neighborhood walkability. Research has suggested that a 

neighborhood's physical environment may influence walking (Kelly et al., 2007; Lovasi et al., 2009; 

Saelens, Sallis, Black, et al., 2003), and many under-resourced communities lack street features that 

support walking behavior (Park et al., 2014; Sallis et al., 2015). Therefore, such communities deserve 

more attention and neighborhood-level walkability improvements involving street features. ARPP should 

be understood in this context; improvements in neighborhood walkability can be achieved if residents of 

under-resourced communities effectively participate in planning and design, and ARPP is a digital 
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participatory platform that facilitates such participation. In this section, some of the potential benefits of 

ARPP for under-resourced communities and beyond (devised from the conceptual framework) are 

discussed. Then, lessons learned from the usability evaluation of CommunitAR are explained. 

2.5.1. Potential benefits of the augmented reality participatory platform 

ARPP is useful in participatory planning efforts to engage communities in decision-making processes 

related to improvements in neighborhood walkability. Participatory planning strives to incorporate the 

interests and voices of all residents, particularly those traditionally excluded from planning activities due 

to their socioeconomic status or racial-ethnic background (Falco, 2016; Saad-Sulonen, 2014; Sanoff, 

2000). As a participatory planning method, ARPP has the capacity to actively involve residents in 

identifying walkability issues in their neighborhoods. More importantly, ARPP enables residents to 

access design solutions developed by decision-makers to address those issues and provide feedback on the 

ones that best fit their needs. Most under-resourced communities live in neighborhoods unsupportive of 

walking (Cutts et al., 2009; Kelly et al., 2007; X. Zhu & Lee, 2008) and often have been excluded from 

decision-making processes to improve walkability conditions. ARPP provides a viable platform for 

assisting these communities in finding design interventions that make their neighborhoods more walkable. 

ARPP provides two-way communication between residents and decision-makers to improve 

neighborhood walkability (see Figure 2.9). Residents use ARPP to generate walking-related spatial 

information in the form of street feature images, comments, and other location data and share them, along 

with possible solutions, with decision-makers. Decision-makers can then use this community feedback to 

guide their development of walkable street design alternatives and present them to residents through 

ARPP. The platform also provides the opportunity for residents to identify their preferred designs by 

allowing them to cast votes and share the reasons behind their selections. Research has shown that two-

way communication contributes to more effective community engagement (Hudson-Smith et al., 2002) 

through the iterative integration of residents’ needs and preferences in decision-making. Such community 

engagement particularly benefits under-resourced communities as it enables them to actively collaborate 

on defining the spatial problems distinctive to their communities and resulting from  a long history of 

inequitable development (Wilson et al., 2008), and suggest spatial solutions. Local residents know their 

neighborhoods and understand the consequences of the planning decisions (Smith, 1973) they have lived 

with for years. Top-down approaches to contemporary urban planning and design have often neglected 

such knowledge (Cooksey & Kikula, 2005; Thomas, 2013), and two-way communication such as what is 

offered by ARPP will be useful in facilitating its reintroduction.    
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Figure 2.9. The process of two-way communication between residents and decision-makers using ARPP. (1) 

Residents share with decision-makers screenshots of their preferred street features to improve walkability, their 

comments on those features, and other associated data. (2) Decision-makers use the community feedback to guide 

their design of walkable street alternatives and share their solutions via ARPP. (3) Residents vote on design 

alternatives and communicate their votes to decision-makers, along with their comments.  

ARPP uses the rapidly advancing technology of mobile AR to offer a variety of benefits to decision-

makers and community members alike. ARPP provides decision-makers with a tool that enables 

communities to gather spatial data and experience the neighborhood environment through their 

smartphones as a means of participating in enhancing neighborhood design. It has been shown that data 

generated by residents often provide decision-makers with a unique set of place-based information that is 

otherwise unavailable (Brown, 2017). Therefore, such user-generated data may help decision-makers 

better understand and reflect on neighborhood-level problems and eventually make more informed 

decisions (Dunn, 2007; Kahila & Kyttä, 2009; Van Herzele, 2004). Furthermore, ARPP allows 

community members to interact with virtual street features and walkable design alternatives on-site 

through its main component, CommunitAR. While most AR and mobile AR systems are developed for 

indoor use (Rao et al., 2017; Zollmann et al., 2020), CommunitAR offers the opportunity to interact with 

design interventions outdoors, in their actual locations. Such direct interaction makes CommunitAR (and 

ARPP) a unique platform for participatory planning to improve neighborhood walkability. Moreover, 

CommunitAR provides in-situ visualization of suggested street features and design alternatives. It has 

been argued that in-situ visualization improves residents’ participation in design and planning by 

facilitating the perception of design interventions on-site (Lange, 2011) and direct interaction with the 

real world (Wilson et al., 2019). 

ARPP uses intuitive visual data to enable residents to put forward and explore neighborhood design 

solutions that support walking. Digital participation methods extensively use visuals such as images and 

maps (Hudson-Smith et al., 2002) to help residents view existing conditions and future states of design 

interventions (Marzouki et al., 2017). Visuals are essential to improving participation (Khan et al., 2014) 
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because they improve spatial literacy and create a common language that enables designers and 

community members to communicate their design knowledge (Lovett et al., 2015; Senbel & Church, 

2011). CommunitAR provides visuals in the form of intuitive 3D models of street features and walkable 

design alternatives, shown to be beneficial in involving novice residents in public participation (Al-

Kodmany, 1999; Yin & Shiode, 2014). Such 3D visualization also contributes to assisting residents in 

making more informed decisions on design alternatives (Steiniger et al., 2016). 

ARPP provides a mobile-based participatory platform for engaging under-resourced communities in 

planning and design. Digital participation has the capacity to attract a more diverse group of people than 

conventional in-person community engagement methods (Schulz & Newig, 2015). Among the various 

digital participation methods, mobile participation has been shown to be best for benefitting under-

resourced communities (Boyera, 2007; Harpur & Villiers, 2012; Martin, 2015), as it reduces some of the 

digital participation barriers such as digital literacy (Baykurt, 2011) and technological skill (Pak et al., 

2017). Despite these benefits, it should be noted that a digital divide exists (Cullen, 2001; Norris & 

Conceição, 2004), and there is still a considerable racial and socioeconomic gap between under-resourced 

and more privileged communities in terms of access to digital technology (Dickinson et al., 2019; Jackson 

et al., 2008). While ARPP does not aim to fully bridge the digital divide, it provides a means of 

minimizing it by offering an accessible omnipresent digital participatory platform that can expand the 

inclusion of under-resourced communities in decision-making. 

 2.5.1.1. Future directions for the augmented reality participatory platform 

Conceptually, the potential of ARPP to engage residents in decision-making goes beyond under-resourced 

communities, and therefore ARPP could be used in other types of neighborhoods that need design and 

planning improvements. Furthermore, ARPP’s focus has been on street environments because researchers 

in urban design and planning tend to study the built environment, mostly on the street level (Harvey & 

Aultman-Hall, 2016; Purciel et al., 2009), and walking primarily occurs along streets (Cutts et al., 2009; 

Pikora et al., 2003). However, ARPP could be used to engage community members in decisions related to 

other spaces that impact walking and physical activity, such as public plazas and trails. Additionally, 

although ARPP’s focus has been on improving walkability, it has the potential to engage communities in 

planning and design matters beyond walkability and physical activity. Examples could include 

architectural development, infrastructure construction, and city-wide master planning. Moreover, ARPP 

could be technically expanded to provide simultaneous interactions among users in collaborative AR 

environments. Such environments would enable all residents to engage at the same time and interact with 

one another in a shared virtual space (Villanueva et al., 2020; Wells & Houben, 2020). Lastly, at this 
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point, a few actions in ARPP are performed manually, such as uploading 3D models in CommunitAR and 

fetching images and comments from the study’s social network pages. Future versions of ARPP can 

automate these actions by incorporating database automation and deep learning methods.  

2.5.2. Lessons from usability evaluation of the mobile AR app by experts and community 

members 

Overall, both the experts and community members found CommunitAR, the backbone of ARPP, to be 

usable. This is important because digital participatory platforms must be usable to the extent that 

everyone can effectively navigate the interface and with satisfaction (Haklay & Tobón, 2003). The 

experts only found must-solve issues with six sub-heuristics, all related to help and documentation (H10). 

To solve the problems related to the availability of context-sensitive help sub-heuristic, experts suggested 

instructional information appear on the screen to guide users, particularly first-time users, in placing 

virtual objects (i.e., street features), as well as the voting procedure. To address the issue, additional short 

descriptions and graphics showing one and two fingers for scaling, moving, and rotating objects were 

added. Moreover, short onboarding and other tutorials were embedded in CommunitAR to familiarize 

first-time users with the AR experience. To solve issues related to the visibility of the help function and 

convenience of accessing help and returning to work sub-heuristics, the experts suggested adding visible 

and easily accessible help buttons to CommunitAR. To address this, help buttons were added showing 

descriptions when clicked upon and faded out automatically after 20 seconds. With this solution, the 

problems with the switching between help and work and resuming work after accessing help sub-

heuristics were also addressed, though the experts did not provide specific guidance for resolving them. 

Lastly, the issue of the easy navigation sub-heuristic was addressed by improving the app’s user interface 

(i.e., adding help descriptions and graphics) to fit users’ mental models, as was recommended by the 

experts. 

For usability issues identified as problematic but not requiring immediate attention (i.e., receiving ratings 

other than 4), the experts suggested adding a progress bar and message to give users information about the 

progress (related to H1) and starting the next action after completing the previous (related to H6). The 

progress bar would be helpful for indicating the expected loading times of objects being placed, and the 

message would indicate the success of actions such as placing objects after such actions are completed. 

The longer-than-expected loading time issue (related to H1) is inherent in mobile AR, since 3D graphic 

rendering requires substantial computational tasks (Chatzopoulos et al., 2017) that often cause delays. 

More technological improvements in mobile AR are needed to reduce the processing time of rendering 

and ground plane detection. The experts also suggested improving the graphics of some icons and 
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optimizing SketchUp 3D models of virtual features and design alternatives to facilitate smoother 

interactions. All 3D models of virtual features were optimized, and an optimization protocol was 

implemented in 3ds Max to reduce the file sizes of design alternatives before they are reimported into 

CommunitAR. A prompt was also added to the screen for “back” and “exit” actions to confirm users’ 

desire to exit the page and avoid unintended scene changes.  

After the usability issues identified by the experts were addressed, community participants had very few 

problems working with the updated app. They found usability issues related to only three of 13 

statements. To improve the authentication process (U7), which received the lowest rating by one 

participant, a sign-up button was added for first-time users. If users had previously signed up and their 

email and password were stored in the database, their email address and a notification showing they were 

already signed up were shown on the device display. To keep users informed about the authentication 

process status, a box with red messages was added to the app’s interface. This strategy also solved the 

issues related to the clarity of messages communicated through the app (U2) and error messages (U9) 

when sign-in was unsuccessful. Notifications were also added on several pages to inform users of the 

success of actions or possible errors.  

2.5.2.1. Other usability considerations for future mobile AR apps 

In the current version of CommunitAR, virtual street features are limited to being placed one at a time to 

minimize confusion and facilitate manipulation for novice users. Enabling the option to place more than 

one virtual feature is suggested for future mobile AR apps, based on users’ skill. To make the process 

smooth and less confusing, each virtual feature could be locked before the next feature is placed, as soon 

as its size and location are confirmed by the user. The experts suggested additional communication for 

novice users in future apps, such as showing percentages when scaling objects down or up, and including 

arrows to click on to move or rotate objects. During the on-site interaction with CommunitAR, both the 

experts and community participants experienced excessive battery usage. The issue of drained batteries 

has been reported previously in relation to location-based mobile AR apps (Alha et al., 2019; Shea et al., 

2017) because these apps involve continuous computational tasks, camera input, and GPS use, all of 

which consume significant energy (Chatzopoulos et al., 2017). Energy consumption improvements in 

mobile devices are needed to address this issue. Lastly, landscape orientation was preferred by 

community participants, though the app provided both landscape and portrait orientations. While 

switching orientations is often encouraged for flexible interaction (Nilsson, 2009), in street settings with 

horizontal features such as sidewalks and bike lanes, landscape orientation may work best. Landscape 

orientation reduces the size misperception of horizontal objects (Schmidt & Maier, 2019) and provides a 
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larger screen that improves the perceived control and affective qualities of smartphones (Kim & Sundar, 

2014).  

2.6. Conclusions 

The participatory platform presented in this chapter (i.e., ARPP) uses mobile AR to engage residents in 

finding design solutions to improve neighborhood walkability. Mobile AR combines the capabilities of 

smartphones and AR, making it a powerful mobile-based tool for delivering planning and design content 

to users through AR experiences. ARPP may be particularly advantageous to under-resourced 

communities with neighborhood environments unsupportive of walking. As an accessible mobile-based 

platform, ARPP could better involve these communities in decision-making processes related to making 

their neighborhoods more walkable. The main component of ARPP (i.e., CommunitAR) provided a 

relatively satisfactory, effective, and efficient user experience to HCI experts and community members. 

ARPP is suitable for implementing a wide range of participation levels, including informing, consulting, 

involving, and collaborating with residents in participatory planning efforts. Processes and outcomes of 

participatory planning directly impact neighborhood physical environments, and therefore using ARPP 

offers several potential benefits to neighborhood planning and design. ARPP has the potential to provide 

two-way communication between community members and decision-makers. ARPP also allows residents 

to actively engage in making decisions for their neighborhoods and interactively access and give feedback 

on design alternatives developed in the decision-making process. Residents can use ARPP to express their 

opinions about street features and walkable street designs by generating a variety of information such as 

images, comments, and other geospatial data. Decision-makers can also utilize ARPP to present the 

available walkable design alternatives to community members on-site. Furthermore, ARPP can enhance 

residents’ experience in the neighborhood environment by providing in-situ visualization of (and in-situ 

interaction with) design interventions. Future research should implement ARPP in a real neighborhood 

and assess its strengths and limitations as compared to other types of community engagement and 

participatory planning methods. 
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CHAPTER 3 

CommunitAR: A Mobile Augmented Reality Tool for the Subjective Assessment of Microscale 

Features of the Built Environment that Impact Walking 

 

Abstract 

Walking can easily be incorporated into daily life, and therefore is a predominant form of physical 

activity. Walkable streets offer vitality, and studies have shown that microscale features of the built 

environment such as sidewalks, pedestrian crossings, and streetlights may influence walking behavior. 

Although microscale features influence pedestrians' walking experience, their impacts on walkability 

have mainly been assessed by direct observation and not through relevant subjective methods. Moreover, 

despite current improvements in mobile-based technologies and their unique in-situ visualization 

capabilities, mobile devices have rarely been used by pedestrians to address walkability issues. This 

chapter presents CommunitAR, a novel mobile augmented reality tool useful in assessing microscale 

features of the built environment that impact walking. CommunitAR allows users to experience 

microscale features in situ by virtually placing them in the street environment, and share images and 

comments to express their perceptions regarding how such features could encourage or discourage 

walking. To demonstrate the use of CommunitAR, a process was employed that enabled volunteer 

residents of a neighborhood in North Carolina to identify walking-related street features specific to the 

community from an inventory of microscale features developed for this research. The advantages and 

drawbacks of CommunitAR’s function as a subjective assessment tool were then evaluated by comparing 

it to a non-digital method utilizing printed maps. The process facilitated the development of two new 

microscale features, remove for eliminating walkability issues and swing bench for gratifying pedestrians. 

The findings suggest that CommunitAR may give neighborhood residents a richer understanding of 

walkability issues by allowing them to assess the environment while physically present on the street. 

Moreover, CommunitAR was useful in providing contextual information through the inventory of images 

and comments created by participants.  
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3.1. Introduction 

Physical inactivity and an unhealthy lifestyle have caused serious public health issues in the industrialized 

world (Spence & Lee, 2003), particularly by increasing non-communicable diseases (Giles-Corti et al., 

2016) and obesity (Frank et al., 2004). Studies on urban planning and public health have shown that at 

least 30 minutes of daily walking can mitigate these health consequences by enhancing one’s level of 

physical activity (Day et al., 2006; Lin & Moudon, 2010; Van Cauwenberg et al., 2014). Walking is of 

moderate intensity and the most prevalent form of physical activity (Humpel et al., 2004; Kelly et al., 

2007; Leslie et al., 2007; Saelens et al., 2003; Suminski et al., 2005) and people walk for recreation and 

transportation (Saelens & Handy, 2008; Van Dyck et al., 2013). The built environment is the physical 

form of a community (Brownson et al., 2009) that is designed, built, and experienced by people (Dennis 

et al., 2009). Research has shown that attributes of the built environment correlate to measurable levels of 

walking (Boarnet et al., 2011; Doescher et al., 2014; Handy et al., 2002; Owen et al., 2004; Saelens et al., 

2003; Suminski et al., 2005). One way to evaluate such a correlation and determine how the built 

environment impacts walking is by using instruments that assess the built environment objectively, 

subjectively, or through a combination of subjective and objective methods (Brownson et al., 2004, 2009; 

Chiang et al., 2017; Lin & Moudon, 2010).  

Objective methods are used to gather data through observations of the environment made either in the 

field (Lee & Talen, 2014) or virtually (Badland et al., 2010), or through administrative and archival GIS 

data (Brownson et al., 2009; Harvey & Aultman-Hall, 2016). A range of reliable objective instruments 

such as the Pedestrian Environment Data Scan (PEDS) and Irvine-Minnesota Inventory (Boarnet et al., 

2006; Day et al., 2006) have been developed for systematic observation of the presence and qualities of 

neighborhood attributes. Subjective methods acquire data through interviews and self-reported 

questionnaires, and generally reflect pedestrians’ perceptions (Brown et al., 2007). A variety of subjective 

instruments such as the Neighborhood Environment Walkability Scale (NEWS) (Cerin et al., 2013) have 

been used to assess how individuals perceive neighborhood attributes that impact their walking behavior 

(Lin & Moudon, 2010). The subjective instruments have collected evidence useful in assessing the 

impacts of the built environment on walking (Brownson et al., 2009; Duncan et al., 2005; Humpel et al., 

2004).  

When an environment supports walking and provides a safe and encouraging setting for pedestrians, it is 

considered walkable (Brookfield & Tilley, 2016; Wang & Yang, 2019). Walkability is multi-dimensional 

(Forsyth, 2015), as it encompasses attributes of the built environment at macro-, meso-, and microscales 

(Day, 2016, p. 201; Saelens & Handy, 2008). Macroscale attributes such as residential density, land use, 
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and street connectivity (Saelens et al., 2003; Van Dyck et al., 2009, 2010) are mainly concerned with the 

layout and density of whole neighborhoods and cities (Harvey & Aultman-Hall, 2016). Mesoscale 

attributes encompass neighborhood-level walkability (Kim et al., 2014) and include the “5 Ds” of the 

built environment: density, land-use diversity, street design, destination accessibility, and distance to 

transit (Cervero et al., 2009; Ewing & Cervero, 2010). Lastly, microscale attributes, often referred to as 

microscale features or street features, are street-level pedestrian elements of neighborhoods such as 

sidewalks and bike infrastructure (Park et al., 2014; Sallis et al., 2015). Microscale features are mainly 

categorized into two groups: features related to the physical environment such as sidewalks and trees, and 

features dealing with the social environment such as aesthetics and trash. Compared to mesoscale and 

macroscale attributes, microscale features are easier and more cost-effective to modify (Phillips et al., 

2017; Van Cauwenberg et al., 2014), and therefore may offer better opportunities for research and 

application in practice.  

Microscale features of the built environment that impact walking have mainly been assessed through 

objective methods. While some of these assessments are carried out using traditional manual methods 

(Cain et al., 2017; Millstein et al., 2013), many benefit from digital technologies (Schootman et al., 2016; 

Steinmetz-Wood et al., 2019; Yin & Wang, 2016). A myriad of digital technologies such as 3D GIS 

models (Yin, 2017), webcams and participatory sensing (Schootman et al., 2016), web-based mapping 

services (Ben-Joseph et al., 2013; Griew et al., 2013), handheld devices (Yun et al., 2019; Zhao et al., 

2016), and wearables and biosensors (Dörrzapf et al., 2019; Resch et al., 2020) have been developed to 

objectively evaluate microscale features. While both manual and digital objective methods have shown 

promise in assessing walking-related microscale features, they often fall short of fully capturing the 

street-level qualities offered by such features (Harvey & Aultman-Hall, 2016). Objective methods may 

ignore pedestrians' walking experiences (Yin, 2017) and direct perceptions of the street (Park et al., 

2014). Therefore, to complement current objective methods, it is paramount to develop subjective 

methods that capture pedestrians’ perceptions of the microscale features of the built environment.  

Assessing these microscale features is uniquely useful  when carried out in situ through visual data. Being 

in place makes pedestrians interact directly with their surrounding environment (Adams & Guy, 2007). 

Previously, in-situ methods such as walking and go-along interviews have been used to capture the 

experiences and behaviors of pedestrians on site (Battista & Manaugh, 2017; Lee & Dean, 2018). 

Researchers interview participants as they walk in the environment to determine their perceptions of 

neighborhood issues (Carpiano, 2009; Hand et al., 2017; Jones et al., 2008). Place-based data collected 

through such methods provide rich information difficult to collect by other means (Evans & Jones, 2011). 

Moreover, using visual data related to microscale features has shown promise in evaluating the impacts of 
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the built environment on walking behavior (Chow et al., 2014). A wide variety of data sources such as 

images of microscale features (Bereitschaft, 2017), panoramic photographs of a street manipulated with 

different sets of street features (Van Cauwenberg et al., 2014, 2016), Google Street View imagery 

(Brookfield & Tilley, 2016; Zhou et al., 2019), and streetscape pictures taken by participants (Lockett et 

al., 2005; Mahmood et al., 2012) have been employed to acquire such visual data. The potential of using 

in-situ and visual data to assess pedestrians’ perceptions of microscale features would be enhanced if 

integrated into digital technologies (Blečić et al., 2018).   

Subjective assessments of the built environment are mainly carried out manually (Chiang et al., 2017), 

and thus are often costly, time-consuming (Quercia et al., 2015), and resource-intensive (Hanibuchi et al., 

2019). Recent advancements in digital technologies have shown the potential to capture pedestrian 

perceptions of streetscape qualities (Resch et al., 2020) through methods that are less expensive and easier 

to operate. However, to date, digital technology has rarely been used for the subjective assessment of 

microscale features that impact walking. Smartphones are a digital technology with the capacity to be 

useful when evaluating street features. Smartphones have shown promise in health-related research 

(Istepanian et al., 2007; Silva et al., 2015), as they are equipped with Global Positioning System (GPS), 

wireless connections, cameras, and other built-in sensors (Jee, 2017; Shoaib et al., 2014). Moreover, 

smartphones are omnipresent, and virtually anyone can use them to generate spatial data (Dörrzapf et al., 

2019) and contribute to addressing issues with the built environment (Lybeck, 2018). These capabilities 

make smartphones powerful tools in subjectively assessing attributes of the built environment that 

correlate with walking (Miller & Tolle, 2016; Yun et al., 2019), particularly on site (Resch et al., 2020) 

and through the visualization of data (Büschel et al., 2017). 

Visual data can be disseminated in many ways to assess the built environment. One potential way is by 

using immersive technologies such as virtual reality (VR) and augmented reality (AR), offering 

meaningful and intuitive visualization (Bartosh & Clark, 2019). VR immerses users in a virtual computer-

generated world (Endsley et al., 2017; Ko et al., 2013; Redondo et al., 2017), while AR combines real and 

virtual worlds (Azuma, 1997) by superimposing computer-generated content onto the real world (Allen et 

al., 2011; Furht, 2011). Immersive technologies enable researchers to create visually realistic 

environments and study how participants perceive them (Joseph et al., 2020). Immersive technologies are 

also capable of simulating walkable environments and allowing researchers to design interactive 

experiences and evaluate a range of participants’ walking-related responses (Birenboim et al., 2021). 

Despite this potential, only a very limited number of studies have used immersive technologies for the 

subjective assessment of street features impacting walking. All such studies have used VR or VR-related 

technologies such as immersive virtual environments (IVEs) (Birenboim et al., 2021; Nakamura, 2020). 
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Other types of immersive technologies, and in particular, AR, have not been utilized for such 

assessments.  

AR delivers information by facilitating the simultaneous perceptions of physical and digital 

environments. It offers enhanced visual perception (Tsai et al., 2016) that serves to improve one’s 

understanding of the environment (Shelton & Hedley, 2004), specifically when used on site. Vision 

augmentation is the most common use of AR (Endsley et al., 2017), and therefore most devices utilizing 

AR are display devices such as smartphones (Kostaras & Xenos, 2009). When AR is delivered on 

smartphones (i.e., mobile AR), wireless communication and location-based services available in 

smartphones (Miller & Tolle, 2016) are combined with AR capabilities. Mobile AR enables users to 

interact with the real-world environment by pointing their mobile devices at objects and letting augment 

the screen display with camera outputs (Kourouthanassis et al., 2015). When using mobile AR, 

geolocated visual data are generated on-site (Haynes et al., 2018; Wolf et al., 2020), which is beneficial to 

pedestrians assessing the built environment.  

This research presents CommunitAR, a novel mobile AR tool developed to facilitate the subjective 

assessment of microscale features of the built environment that impact walking behavior, and 

demonstrates its use in a neighborhood in Charlotte, North Carolina (NC). CommunitAR is a mobile AR 

app and the main component of the digital participatory platform introduced in Chapter 2 (i.e., ARPP). 

CommunitAR facilitates pedestrians' subjective assessment of the built environment by allowing them to 

visualize microscale features in situ by virtually placing them in the street environment. It also enables 

pedestrians to take image(s) of microscale features placed in the surrounding environment and inscribe 

comments to share their perceptions of how these features impact walking. Due to CommunitAR’s 

novelty and unique user interaction requiring the virtual placement of street features in the field, none of 

the existing inventories used for measuring walking-related microscale features were suitable for this 

research. Therefore, a new inventory of microscale features relevant for use in CommunitAR and similar 

mobile AR apps was developed and integrated into CommunitAR to facilitate the identification of street 

features. 

To demonstrate and evaluate the use of CommunitAR, a two-step process was employed to engage 

volunteer neighborhood residents in identifying microscale features that would improve walking on a 

neighborhood street. In this process, the strengths and limitations of using CommunitAR to capture 

residents’ perceptions of their neighborhood’s walkability were evaluated by comparing the tool to a less 

advanced method using printed maps. In the following sections, CommunitAR and the development of 

the AR-relevant inventory of microscale features are described. Then, the study setting, participants, and 
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(c) 

(b) 

(a) 

two-step process for collecting data are explained. Finally, the study findings are discussed, as well as the 

advantages and limitations of using CommunitAR to assess walking-related microscale features. 

3.2. CommunitAR and the AR-relevant inventory of microscale features   

CommunitAR is a mobile AR app for the subjective assessment of microscale features impacting walking 

and the main component of the AR participatory platform (ARPP) introduced in Chapter 2. The ARPP 

was developed to engage residents in assessing their neighborhood’s walkability. To use CommunitAR, 

users run the app on their smartphones while outside on a street of interest. On the HOME screen, they 

select virtual street features from a pre-loaded library of realistic 3D objects representing features (see 

Figure 3.1.a). The smartphone automatically detects the ground and places virtual street features in the 

real environment at the correct angle. CommunitAR allows users to manipulate street features until the 

intended location, orientation, and size are reached (see Figure 3.1.b). Users can then capture screenshots 

of the scene and share them with other users via social networking platforms or multimedia messaging 

systems (MMS). When sharing, users also have the opportunity to add contextual information about 

screenshots by adding comments (see Figure 3.1.c). The time and GPS information are displayed on the 

app’s interface, and when screenshots are captured, this information is stamped on the images and stored 

in the device’s memory. If users choose to upload, the images, times of capture, and GPS information are 

transferred to a cloud-based database for further data analysis. 

 

 

 

 

 

 

Figure 3.1. CommunitAR’s interface: (a) The HOME screen where users can choose virtual street features from the 

library by pressing the right or left arrows. (b) An example of a virtual street feature (a bike lane) placed in the street 

environment by the user. Pressing the camera button would capture a screenshot of the scene, including the bike lane 

and its surrounding environment. GPS and time information are shown in the top-left corner of the screen. (c) The 

image captured by the user is being shared on a social media platform (a dedicated Facebook page). Users can add 

relevant comments when sharing the image. 
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3.2.1. AR-relevant inventory of microscale features 

To best leverage the utility of CommunitAR, microscale features relevant to using such a mobile AR app 

first needed to be identified. Currently, numerous inventories and checklists of street features are used to 

determine how microscale features of the built environment might influence walking behavior (Boarnet et 

al., 2006; Brownson et al., 2009; Hoehner et al., 2007; Moura et al., 2017). However, none of the existing 

inventories were suitable for CommunitAR. Often, they measure built environment features according to 

levels such as five- or 10-point scales (Humpel et al., 2004; Suminski et al., 2005), requiring responses to 

statements ranging from strong disagreement to strong agreement. These scales are useful but tend to be 

time-consuming (Chiang et al., 2017), and more importantly, do not fit CommunitAR’s user interface, 

which requires the placement of virtual features in the street environment. One way to overcome this 

issue is by using dichotomous responses (Brownson et al., 2004; Day et al., 2006) in which the street 

feature is either absent or present in the environment. When a feature is perceived as absent from the 

street (i.e., it is missing but is needed to improve walkability), users can employ CommunitAR to place 

the virtual feature in the environment. Conversely, when the presence of a feature discourages 

walkability, users can utilize CommunitAR to indicate the need for its removal. 

Four instruments were selected to develop the AR-relevant inventory of microscale features with 

dichotomous characteristics (i.e., being shown as present or absent). Selection criteria (being microscale 

and dichotomous) were also established to filter built environment features. Three of the instruments used 

were subjective: the frameworks developed by Pikora et al. (2003) and Ewing and Handy (2009), and the 

Neighborhood Environment Walkability Scale (NEWS) (Cerin et al., 2006). One was objective: the 

Microscale Audit of Pedestrian Streetscapes (MAPS) (Millstein et al., 2013). The Pikora et al. (2003) 

framework was selected due to its frequent use in the literature for the assessment of built environment 

features associated with walking in a neighborhood (Pikora et al., 2006; Suminski et al., 2005). The 

Ewing and Handy (2009) framework was used because of its unique integration of urban design qualities 

that capture pedestrians' perceptions of street environments (Ewing et al., 2006; Ewing & Clemente, 

2013). NEWS was also utilized as a subjective assessment tool focused on neighborhood residents (Cerin 

et al., 2006) in order to add street features that may have been ignored by the Pikora et al. (2003) and 

Ewing and Handy (2009) frameworks. Lastly, MAPS was employed to complement the inventory as an 

objective tool specifically developed to measure microscale features (Cain et al., 2014; Millstein et al., 

2013), especially recommended for use by neighborhood residents (Cain et al., 2017).   

As a starting point, the Pikora et al. (2003) framework was used. This framework consists of 36 features 

(Day et al., 2006) grouped into four domains: functional, safety, aesthetic, and destination. By applying 
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the criteria of being microscale and dichotomous, 14 features were determined to be relevant. These 

included: sidewalk, shared path for walking, speed limit sign, and cul-de-sac for the functional domain; 

streetlight, crosswalk, bridge, underpass, and median refuge for the safety domain; tree, no litter, and 

landscapes for the aesthetic domain; and park and bus stop for the destination domain. The Ewing and 

Handy (2009) framework led to the addition of four additional features: pedestrian, outdoor dining, small 

planter, and public art. The first two features were added to the functional and destination domains, 

respectively, while the other two were included in the aesthetic domain. NEWS (Cerin et al., 2006) added 

only one additional feature, walk signal, in the safety domain. After applying  MAPS (Cain et al., 2017; 

Millstein et al., 2013), seven more microscale features were identified as relevant for use in 

CommunitAR. These included: bicycle lane, awning, bench, trash bin, safety signal, no graffiti, and 

transit shelter. The first four features were added to the functional domain, and each of the remaining 

three features to the safety, aesthetic, and destination domains, respectively.  

The outcome (see Figure 3.2) provides an inventory of 26 walking-related microscale features suitable for 

use in CommunitAR and other similar mobile AR apps. Only two features (litter and graffiti, which are 

accompanied by no) represent microscale features that should be removed to improve walking in a 

neighborhood. A subset of the inventory was integrated into CommunitAR as a library of 3D street 

features (see Figure 3.1.a). Users can select features from the library, visualize them in situ, place them in 

the street environment, and manipulate them as needed. The AR-relevant inventory or a subset can also be 

integrated into other mobile AR apps.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. Walking-related microscale features relevant for inclusion in CommunitAR. 
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3.3. Methods 

This chapter describes part of a larger study conducted with residents of several communities in Charlotte, 

NC, to demonstrate the use of a novel participatory platform, the main component of which is 

CommunitAR, in engaging communities in improving neighborhood walkability. The public assisting 

with decisions that advance their well-being is highly encouraged (Healthy People 2030 Framework, 

2020), and other studies have used participatory approaches to examine the impacts of the built 

environment on walking (Fancello et al., 2020; Fusco et al., 2012; Mahmood et al., 2012; Moura et al., 

2017). In the original study, eight participants from the study community engaged in a range of activities; 

those focused on assessing the microscale features of a street to improve walkability are described in the 

present chapter. The original study was conducted from February to August 2020 and approved by NC 

State [to be hidden for review] University's Institutional Review Board. In the following sections, the 

study setting, participants, and data collection process are described.  

3.3.1. Study setting 

The study was conducted in the North End neighborhoods located north of Uptown Charlotte, NC, and 

surrounded by I-277, I-77, I-85, and North Davidson Street (see Figure 3.3). In 2011, the Center City 

2020 Vision Plan established the Applied Innovation Corridor (AIC) North End as an area for economic 

growth and infrastructure investment (City of Charlotte, 2011). North End is also a hub for the City of 

Charlotte's Smart District initiative, which applies data and innovative technologies to enhance mobility 

options, safety, economic development, and informed decision-making (Clampitt, 2018; Simmons, 2017). 

In 2014, the North End area had about 9,000 residents, with 85% identifying as African American. Most 

inhabitants commuted more than 20 minutes to work, and only 14% of those working used public transit 

(Hazel, 2017). For these reasons, North End was a very suitable community to serve as the setting for an 

assessment of CommunitAR.  
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3.3.2. Study participants 

This study focused on adults over 18 years of age. A partnership was formed with the North End 

Community Coalition (NECC), a collaborative alliance of eight North End neighborhoods established in 

2015. North End residents were recruited by NECC community leaders through paper flyers, word of 

mouth, emails, and announcements made on the social networking platform Nextdoor. Eight community 

members were recruited, with half expressing interest in working with CommunitAR. Seven participants 

were North End residents; the one who did not live there had worked in the area for a substantive period 

of time and knew it well. Participants were all non-white, predominantly Black (six), and mostly female 

(six), with the majority (seven) being 30 years of age or older. The four participants interested in working 

with CommunitAR were Black and between 30 and 64 years of age. Only one had prior experience with 

AR apps. Each participant received monetary gift cards and refreshments in exchange for their 

participation. 

3.3.3. Data collection process 

Capturing how pedestrians perceive their walking environment can be complex (Park et al., 2014), and 

therefore a combination of qualitative and quantitative data is needed (Mertens et al., 2014; Resch et al., 

Figure 3.3. North End neighborhoods’ location in Charlotte, NC (adopted from Charlotte Mecklenburg Planning 

Department map). 
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2020; Van Cauwenberg et al., 2014). A sequential two-step process was used to collect such data, as 

depicted in Figure 3.4. In Step 1, from the inventory of 26 microscale features (see Section 3.2.1), 

participants identified 10 community-specific microscale features that would enhance the walkability of 

the street they had selected as the least walkable in the area (i.e., the target street). In Step 2, participants 

narrowed down the community-specific features to five location-specific microscale features by placing 

them in different locations along the target street. All participants were involved in Step 1. They were 

divided into two groups to perform Step 2, one using CommunitAR (i.e., the AR group) and the other 

employing printed maps (i.e., the map group). Maps have previously been utilized to capture local 

residents' perceptions of walking (Chiang et al., 2017), mainly drawing upon walking experiences. In this 

study, maps were used as a non-digital variant of CommunitAR to explore whether different tools might 

impact the subjective assessment of microscale features and evaluate the strengths and limitations of 

using CommunitAR.  

 

 

 

Figure 3.4. The two steps carried out to collect data from participants. Step 1: identifying community-specific 

microscale features from the inventory of 26 features; and Step 2: determining location-specific microscale features 

by selecting a subset of community-specific features and placing them along the street, either virtually via 

CommunitAR or manually via printed maps. 

In Step 1, the lead researcher provided participants with the inventory of 26 microscale features and asked 

them to select at least 10 that would impact walking on the target street, discuss other features not 

included in the inventory, and if needed, expand the inventory. The 10 most frequently mentioned 

features were selected as community-specific microscale features. These were limited to 10 to give 

participants enough time to select and place a subset of them in their locations for Step 2. Limiting the 

features to 10 also facilitated their navigation by AR group participants in CommunitAR's interface, as 

opposed to integrating all 26 AR-relevant features.  

The goal of Step 2 was to determine five location-specific microscale features that would improve 

walking along the target street from the 10 community-specific features identified in Step 1. The AR 

group participants used CommunitAR to visualize virtual street features in situ and place them in the 

street environment, while the map group participants placed icons of street features at their associated 

locations on separate printed maps. Each participant was asked to select up to five features and place each 

of those features along the street as many times as they preferred. Location-specific microscale features 
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were limited to five to ensure that participants did not select all 10 that were available. The AR group 

participants completed Step 2 first. After an introductory presentation in the meeting location by the lead 

researcher on how to install, run, and navigate CommunitAR, they were asked to install the app on their 

devices and walk to the target street. Participants used CommunitAR to navigate a pre-loaded library of 

10 community-specific microscale features (those identified in Step 1) and place five of them in situ while 

standing along the street (see Figure 3.5.a). The AR group participants were also asked to take images of 

the scene with the virtual street features in place and share them on a designated Facebook page, along 

with their inscribed reasons for their selections. The AR group participants were able to send images and 

their comments from the street if they preferred to use their cellular data, or later via free Wi-Fi access 

after returning to the meeting venue.  

The map group participants arrived at the meeting location after the AR group participants left. Each was 

provided with a table-sized satellite map of the target street and icon stickers of the 10 community-

specific microscale features. Similar to the AR group, map group participants were asked to select up to 

five features from the 10 community-specific features and place them at their approximate locations on 

the map. They were also asked to add sticky notes with their corresponding comments about the reasons 

for their selections (see Figure 3.5.b). 

 

 

 

 

 

 

Figure 3.5. Determining the five location-specific microscale features in Step 2: (a) An AR group participant using 

CommunitAR on the target street to visualize and place a street feature in situ. (b) A map group participant using 

icon stickers of street features and placing them in the appropriate locations on the map. 

 

 

(a) (b) 
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3.4. Results 

3.4.1. Step 1: Identifying community-specific microscale features   

In Step 1, participants identified 10 community-specific microscale features relevant to improving the 

walkability of the target street. They were provided with the inventory of 26 features developed for this 

study (see Figure 3.2) and asked to identify at least 10 that they thought would encourage them to walk 

along the target street. Two of the features in the inventory were no litter and no graffiti. Participants were 

also able to select either or both of them to indicate if these features would prevent them from walking. 

Subsequently, the 10 microscale features specific to the community and uniquely relevant to the target 

street were chosen (see Table 3.1). All eight participants selected bicycle lane and no litter as their 

features, and six chose bench and trash bin. Five indicated shared path, but eventually the community 

decided to combine this feature with sidewalk and refer to both as the latter. Half of the participants 

selected streetlight and transit shelter, but only three preferred crosswalk, bus stop, and landscape. 

The participants collectively decided to drop bus stop, as bus shelter would imply the presence of both. 

Two participants selected no graffiti, but after some discussion, the group suggested remove as a “feature” 

to encompass all street features that should be removed to improve walking. The community also decided 

to invent the swing bench, as participants found the feature (suggested by two participants) to be very 

useful. While one or two participants selected some of the remaining street features, no one chose awning, 

bridge, or underpass from the inventory. The 10 community-specific microscale features were separately 

narrowed down in Step 2 by the AR and map groups to determine five location-specific microscale 

features. To represent remove in CommunitAR, a separate and clearly distinguished red broom icon was 

added to the app’s interface (see Figure 3.6). When the icon was selected, a virtual red cross was overlaid 

on street feature that should be removed to encourage walking.  

 

 

 

 

Figure 3.6. CommunitAR’s interface with the broom icon added to represent remove. 

 

Remove icon 
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Table 3.1. Top Ten Community-Specific Microscale Features and Respective Frequencies. 

Feature Frequency 

Bicycle lane 8 

Remove a 8 

Sidewalk b 7 

Bench 6 

Trash bin 6 

Streetlight 4 

Transit shelter 4 

Landscape 3 

Crosswalk 3 

Swing bench c 2 

Notes. 
a 'Remove' was initially 'no litter' in the inventory, but the community decided to use 'remove' instead to capture not only litter but 

all features perceived as obstacles to walking. 
b ‘Shared path' was combined with 'sidewalk' by the community.  
c ‘Swing bench' was added to the inventory by the community as a novel feature. 

3.4.2. Step 2: Determining location-specific microscale features   

In Step 2, participants determined a subset of five location-specific microscale features from the 

previously identified 10 community-specific features. Remove was also included in the five-feature limit. 

For the AR group, the process involved selecting virtual street features from CommunitAR’s library of 

community-specific features or the remove feature, visualizing them in situ, placing them in the street 

environment, and inscribing comments via Facebook to justify the selection. For the map group, the 

process included selecting street features, affixing their icons onto the street map, and commenting about 

the reasons for their selections. For the AR group, the number of images the participants captured after 

placing virtual features in the street (whether or not shared on Facebook) was considered the number of 

microscale features. Images were downloaded from the cloud database connected to CommunitAR and 

analyzed accordingly. For the map group, the number of feature icons affixed by participants onto their 

maps (whether or not accompanied by a comment) indicated the number of microscale features. This 

section describes the number of participants placing each microscale feature, number of times each 

feature was placed, and reasons for each selection as shared by participants. 
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As depicted in Figure 3.7, all 10 community-specific microscale features were placed by at least one 

participant in both groups, except for trash bin and transit shelter, which were placed by none of the AR 

or map group participants. Unlike landscape, which was placed by all map group participants, none of the 

features were placed by all AR group participants. Moreover, half of the microscale features (i.e., 

crosswalk, bicycle lane, remove, swing bench, and transit shelter) were placed by three of the four AR 

group participants. However, only three features (i.e., crosswalk, sidewalk, and trash bin) were placed by 

the same number of map group participants. Lastly, crosswalk and streetlight were the only features 

placed by the same number of participants (three and two, respectively), regardless of the tools used 

(either CommunitAR or map). 

 

 

 

 

 

 

Figure 3.7. Community-specific microscale features and the number of participants placing them as location-

specific microscale features (blue for the AR and red for the map group). The order of features is based on the most 

to the least number of participants from the AR group placing each feature. 

As participants could place each of their five location-specific microscale features along the target street 

as many times as they saw fit, the number of times each was placed was compared for the two groups. 

The most frequently placed features for the AR and map groups were remove (10 times) and landscape 

(11 times), respectively (see Figure 3.8). Sidewalk and bicycle lane were placed an equal number of times 

by both groups, six for sidewalk and four for bicycle lane. Lastly, the number of times AR group 

participants placed each feature remained relatively balanced, regardless of the order of features in the 

app's interface (see Figure 3.9).  
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Figure 3.8. The number of times each microscale feature was placed along the street by the AR group (blue) and 

map group (red). The order of features is from the greatest to the least in value for the AR group.  

 

 

 

 

  

 

 

 

   

 

Figure 3.9. The number of times each microscale feature was placed along the street by each of the AR group 

participants and the averages for all four participants. The order of features follows the order presented in the 

CommunitAR’s library. 

When placing microscale features, participants were also asked to express the reasons for their selections. 

The AR group participants used Facebook to comment, and map group participants used sticky notes. 

Overall, the map group participants offered more comments than did the AR group participants, mostly 

because the latter shared less than half of the images on Facebook and commented accordingly. A 

comparison of the content of participants’ comments (see Table 3.2) revealed that while both groups 
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shared reasons for selecting some features, there were also reasons behind selections that were unique to 

the particular group. No participants offered reasons for selecting transit shelter. For both groups, 

improving pedestrian and cyclist safety was a common reason for choosing sidewalk and bicycle lane. An 

AR group participant felt that "a complete sidewalk would help keep pedestrians safe," and a map group 

participant stated the need for sidewalks "on both sides of the street to discourage pedestrians from 

walking on [the] road.” Similarly, an AR group participant indicated that bike lanes "remind motorists 

they are sharing the road with cyclists," while a map group participant asserted that bike lanes are "needed 

for [the] safety of bike riders." Moreover, participants in both groups selected remove to clean up litter 

and trash and eliminate overgrowth blocking the sidewalk. Lastly, visibility at night and enjoying the 

view were considered by both groups to be reasons for selecting streetlight and swing bench, respectively.  

In addition to explanations common to both groups, each group had unique reasons for selecting street 

features. AR group participants were interested in using remove to eliminate the fencing and signage 

blocking the walkway, as depicted in Figure 3.10. Map group participants suggested that a trash bin be 

placed adjacent to the proposed transit shelters and bench swings, as well as in places along the target 

street where car drivers tended to reduce their speed and litter. Lastly, reducing the driving speed, 

implementing visual aids to inform drivers about pedestrians, and making street crossings safe for 

children and teens were the main reasons why map group participants selected crosswalk.  

 

 

 

 

Figure 3.10. AR group participants using the remove feature to suggest a range of obstacles along the target street 

that if removed would improve walkability.  
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Table 3.2. AR and Map Group Participants’ Reasons for Microscale Feature Selection. 

 Note. 
a No reason shared on Facebook or comments provided on the map. 

 

 

 

 

 

 

 

 

 

Microscale 

feature 

Reason common to both 

groups 

Reason specific to the AR group Reason specific to the map group 

Bicycle 

lane 

Improving safety by 

separating pedestrians and 

cyclists from vehicles 

Encouraging exercise and physical 

activity 

n/aa 

Remove Foliage overgrowth 

blocking the sidewalk 

Cleaning up the litter n/a 

Uneven sidewalks inhibiting 

wheelchair navigation 

Obstacles blocking the sidewalk 

Sidewalk Keeping pedestrians safe Completing incomplete sidewalks n/a 

Bench n/a n/a Providing a place for children to wait 

before being picked up from the pool or 

walking home 

Trash bin n/a n/a Needed for litter discarded from cars 

To discourage littering 

Close to bus stop and bench swing 

Streetlight Lighting the street at night n/a For parked cars 

Crosswalk n/a Using areas where sidewalks end at 

intersections 

For children/teens going to the pool and 

school 

Reducing the driving speed 

Visual aid to inform drivers about 

pedestrians 

Landscape n/a n/a Making intersections more interesting 

Buffer for pedestrians 

Shade during summer 

Swing 

bench 

Enjoying the view and 

breeze 

Relaxing Making the area more inviting and 

beautiful 

Enjoying the breeze A place for kids to wait 
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3.5. Discussion 

This chapter presented a mobile AR app called CommunitAR and evaluated its use by a group of 

community participants in a neighborhood in Charlotte, NC. CommunitAR is capable of capturing the 

street-level perceptions of pedestrians with regards to microscale features of the built environment that 

impact walking. A unique inventory of 26 microscale features was developed for use in CommunitAR 

and similar mobile AR apps, and a two-step process employed to collect data from participants. In this 

process, all participants first engaged in identifying a subset of community-specific microscale features 

for a target street from the AR-relevant inventory. Then, they were divided into two groups (AR and map) 

to evaluate the use of CommunitAR as compared to a less advanced method that utilized printed maps. 

Both groups used their respective tools to select and place location-specific microscale features along the 

target street. In this section, the benefits of CommunitAR for the subjective assessment of microscale 

features, AR-relevant inventory of microscale features, and process utilized for data collection are 

discussed. The limitations of the study and future improvements in CommunitAR are also explained.  

3.5.1. Benefits of CommunitAR 

CommunitAR contributes to a rich understanding of street-level walkability issues by enabling 

participants to visualize microscale features in situ and assess walkability conditions while physically 

being present on the street. For instance, in this study, the majority of participants (including those who 

later used CommunitAR) selected trash bin as a community-specific microscale feature. Trash bin was 

also a location-specific feature that most of the map group participants selected and placed on their 

printed maps. However, none of the AR group participants chose this feature, and only one placed remove 

for the purpose of removing litter. This difference may indicate that when participants located indoors 

assessed the target street’s walkability, they identified trash bin as a feature that was needed to encourage 

walking. However, using CommunitAR while outdoors, AR group participants realized that the presence 

of a trash bin might not be necessary as a street feature of the target street to improve walkability. AR 

uniquely facilitates user interaction with the real world (Redondo et al., 2017) by allowing users to be 

physically present in the environment (Carmigniani et al., 2011). Being on site while assessing the 

environment is likely to contribute to capturing more accurate spatial data (Yun et al., 2019). Being 

present in the place may also improve the perceived relationship between the built environment and 

walking behavior (Nasar, 2008), mitigating some of the memory errors and cognitive flaws (Mertens et 

al., 2014; Resch et al., 2020) usually associated with subjective assessments.  

https://www.zotero.org/google-docs/?bYF00C
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CommunitAR is useful in providing contextual data about the walkability conditions of a neighborhood 

through the inventory of images generated by users. For instance, images that the AR group participants 

captured in situ using the remove feature revealed a range of unpleasant conditions hindering walking 

along the target street (see Figure 3.10) that were not captured by map group participants working 

indoors. Digital photographs have been used widely in subjective assessments of the built environment 

(Chow et al., 2014; Hurvitz, 2014; Waller & Hodgson, 2013) and show great promise for capturing 

pedestrians' perceptions and providing contextual data (Cao et al., 2019; Carpiano, 2009; Van 

Cauwenberg et al., 2012). Such contextual information is particularly beneficial in planning and design 

interventions for street improvements essential to enhancing physical activity (Schulz et al., 2005). 

Despite these benefits, CommunitAR fell short in terms of displaying an overview of the entire target 

street, as AR group participants’ remarks revealed. Map group participants provided comments such as 

"need to make this whole corner more interesting" or "sidewalks all along” the target street; however, no 

AR group participant made such references. Viewing the street from above may have offered the 

advantage of perceiving the target street as a whole entity, a perceptual quality missed by those using 

CommunitAR.  

Images and comments captured by users via CommunitAR are geotagged and time-stamped, utilizing 

their smartphones’ GPS and other built-in sensors. Such visual data are a great source of street-level user-

generated content (Liu & Fuhrmann, 2020) and useful in subsequent behavioral analyses. For instance, 

location data extracted from such images can be used in web-based maps (see Figure 3.11.b) to monitor 

participants’ movement (Loveday et al., 2015) and track the quality of their subjective assessments. 

Furthermore, temporal data generated through CommunitAR may be used in longitudinal analyses to 

compare pedestrians’ perceptions at different times of day or in different seasons. By integrating 

geolocated data into digital images (as CommunitAR provides), concerns about the lack of sufficient 

contextual data for a rigorous subjective assessment of microscale features can also be addressed (Van 

Cauwenberg et al., 2014). Moreover, images and comments can be retrieved to create interactive maps 

such as Google Maps (see Figure 3.11.a), and thus used to visualize street features in their corresponding 

locations. Images and narratives generated by local residents provide rich place-based data (Dennis et al., 

2009) useful for neighborhood-level design interventions. Such geospatial data can also be integrated into 

participatory mapping platforms such as OpenStreetMap (Haklay & Weber, 2008) or crowdsourcing 

platforms such as FixMyStreet (Pak et al., 2017) to engage the public in improving walkability 

conditions.  
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Figure 3.11. Visualization of the geolocated data captured via CommunitAR by AR group participants: (a) Tracking 

the movement of participants based on GPS data retrieved from images of microscale features using GPS Visualizer 

(https://www.gpsvisualizer.com/). (b) Images of features (represented by feature icons) and corresponding 

comments from participants, via Google Maps.  

3.5.2. Advantages of the inventory of dichotomous AR-relevant microscale features 

This study developed a new AR-relevant inventory with 26 microscale features because existing 

inventories were not compatible with CommunitAR’s interface. Simple inventories with a limited number 

of street features are often easier for novice users (Hoehner et al., 2007) and practitioners (Sallis et al., 

2015), particularly when combined with digital technologies (Hanibuchi et al., 2019). The microscale 

features included in the AR-relevant inventory were dichotomous in nature (i.e., they were either absent 

or present in the environment). Previously, many objective tools (Brownson et al., 2004; Day et al., 2006) 

and some subjective tools (Roda et al., 2016) have used dichotomous responses to assess the built 

environment characteristics, mostly by allowing participants to respond by selecting yes/no or 

present/absent. Such dichotomy makes responding easy and quick (DiStefano et al., 2016), and thus 

(a) 

(b) 
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suitable for novice users. As a mobile AR app, CommunitAR adds visualization and interactivity to 

dichotomous responses, making them more intuitive and visually appealing. A subset of the inventory can 

be integrated into CommunitAR as a library of street features. When users perceive that a street feature is 

absent but needed to improve walkability, they could select that feature from the library and virtually 

place it in the street environment. In contrast, when the presence of a street feature is perceived as 

discouraging walking, users could virtually mark it for removal by overlaying a red cross on it. As the 

findings revealed, the library of features in the app did not lead to any positioning effects (Murphy et al., 

2006), and being the first or last in the library did not affect selection by participants. The AR-relevant 

inventory or a subset can be integrated as a library of street features in other similar AR apps to capture 

pedestrians’ preferences in situ. Furthermore, the strategy used in this research of only considering 

features to be dichotomous can be used in future work to guide the development of new inventories of 

microscale features useful in mobile AR apps. 

3.5.3. Advantages of the two-step process utilized for data collection  

The two-step process used in this study to engage participants in identifying microscale features that 

would improve walkability resulted in expanding the AR-relevant inventory of microscale features and 

devising novel features. Participants collectively decided to expand no litter to be the remove feature after 

discussing in Step 1 the quality of sidewalks and barriers such as planter overgrowth. Adding remove as a 

feature was practical, as it enabled participants to capture all street features that would discourage walking 

along the target street. Remove goes beyond no litter and no graffiti in the AR-relevant inventory and 

other no statements in existing assessment tools and creates a general feature to indicate the elimination of 

a myriad of obstacles to walking along a street. Participants also suggested swing bench, a novel 

microscale feature, which has not previously been reported in the literature. This development illustrates 

how engaging participants, particularly local residents, in the research process may result in identifying 

new features of the built environment (Day et al., 2006).  

The qualitative data (i.e., comments collected from the participants in Step 2) facilitated a richer 

understanding of how microscale features may impact walking along the target street. Sidewalk and 

bicycle lane were considered to be features that encouraged walking by improving safety by separating 

pedestrians and cyclists from vehicles. Participants also commented that the presence of a streetlight 

created a safe and visible environment in which to walk. Other microscale features such as landscape and 

swing bench were also selected to improve walkability by creating an inviting environment. Perceived 

safety and aesthetics have been reported in previous studies as important factors impacting walking 

(Corseuil Giehl et al., 2017; Nasar, 2015; Owen et al., 2004). While the two-step process was beneficial, 

https://www.zotero.org/google-docs/?Xb9itj
https://www.zotero.org/google-docs/?Xb9itj
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it is not a requirement, and CommunitAR or other similar mobile AR apps can be used for the subjective 

assessment of microscale features irrespective of the process.    

3.5.4. Limitations and future improvements 

Due to the limited number of participants, the current study should be seen as an exploratory first step for 

other work demonstrating the use of mobile AR in the subjective assessment of microscale features, 

ideally with more participants. Furthermore, it should be noted that the local residents participating in the 

present research may have been biased when judging their neighborhood environment (Nasar, 2008) and 

the images they captured and comments they provided about the walkability of the target street may not 

have reflected all walking-related issues. Additionally, when using CommunitAR, virtual street features 

are placed at a distance from where users stand along the street, adding inaccuracy to the GPS data 

generated based on the device’s location. Therefore, web-based maps and other GPS-related visualization 

of data collected in this research (see Figures 3.11) were manipulated for accuracy, something to consider 

in real-world applications. Moreover, CommunitAR was used outdoors to assess the built environment. 

The impacts of adverse weather (Evans & Jones, 2011), safety concerns (Carpiano, 2009), and limitations 

on walking for older adults and physically impaired individuals are sure to affect the process and quality 

of outdoor data collection, and thus should be considered in future uses of CommunitAR. 

The scope of this study was limited to street-level walking. However, CommunitAR can easily be 

modified for assessing other types of physical activity in other settings such as parks, trails, and public 

spaces. Moreover, as AR apps used outdoors have been reported to influence physical activity (Althoff et 

al., 2016; Nigg et al., 2017), the potential of using CommunitAR beyond walkability assessments and for 

actual improvements in levels of physical activity should be explored. For research purposes, this 

assessment was conducted using the street perceived by participants as least walkable. In future studies, 

comparing multiple streets of a neighborhood or several neighborhoods would expand the use of 

CommunitAR to assessing neighborhood-level walkability. Moreover, in this study, CommunitAR was 

compared to a non-digital method using printed maps. Future research could assess CommunitAR and 

other similar mobile AR apps by comparing them to other non-digital or digital subjective assessment 

methods. Lastly, with future object detection improvements in mobile AR, modifications in CommunitAR 

that use computer vision to allow for more advanced ways of detecting and removing street features are 

expected. In particular, enhanced object detection would significantly improve the remove functionality 

by actually removing street features instead of simply overlaying cross marks.  



 

86 

 

The AR-relevant inventory of 26 microscale features developed in this study was an important first step in 

developing a comprehensive AR-based inventory of microscale features that supports walking. This 

inventory is simple and dichotomous and has the potential to be used in developing a perception-based 

walkability index in future research. However, the inventory should be empirically compared to existing 

checklists and inventories currently used in subjective tools for assessing microscale features, and 

validated for future use. The library of community-specific features used in this study was limited to 10 

microscale features, due to challenges such as the extra time needed to explore a large number of features 

and the complexity of navigating these features in CommunitAR. Future work should explore the optimal 

number of microscale features that could be integrated into an AR app’s interface and whether usability 

issues such as battery drain and long rendering time or reasons such as participant fatigue may contribute 

to determining such a number. 

3.6. Conclusions  

This chapter presented CommunitAR, a novel mobile AR tool for the subjective assessment of microscale 

features of the built environment that impact walking. CommunitAR enables users to visualize, 

experience, and place virtual microscale features believed to improve walking in a street environment, 

take image(s) of the scene, and share them, along with comments describing the reasons for their 

selections. Moreover, an inventory of microscale features relevant for use in CommunitAR and similar 

mobile AR apps was developed and utilized by a group of neighborhood residents in Charlotte, NC to 

identify microscale features required to improve the walkability of a neighborhood street. A two-step 

process was employed to identify community-specific microscale features and evaluate the capabilities of 

CommunitAR in the subjective assessment of microscale features by comparing it to a non-digital method 

that used printed maps. 

The findings reveal that CommunitAR facilitated a better understanding of street-level walkability by 

allowing community participants to visualize and assess microscale features in situ. The unique set of 

visual-spatial data generated via CommunitAR provided rich contextual data about the walkability issues 

of the target street that otherwise would have been difficult to achieve. Moreover, this research asserts 

that utilizing this process can result in the identification of novel microscale features of the built 

environment that improve walking. In particular, remove and swing bench were suggested by participants 

as features that would eliminate walking-related issues such as litter and overgrowth and encourage 

pedestrians to relax and enjoy the view, respectively.  
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CommunitAR will benefit future studies and the practice of physical activity research and urban planning. 

CommunitAR generates a unique set of geotagged images and verbal datasets on walking-related 

microscale features identified by local residents. Such subjective data can be combined with information 

generated by objective assessment methods to achieve a deeper analysis of the built environment. Such 

data can also be integrated into web-based crowdsourcing platforms to engage residents in urban planning 

improvements to make neighborhoods more walkable. 
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CHAPTER 4 

Mobile Augmented Reality for Engaging Communities in Design and Planning  

 

Abstract 

Current digital participatory platforms such as online polling, participatory mapping, and mobile 

participation enable communities to document, analyze, and enhance their neighborhoods' conditions. 

Despite significant benefits, more improvements are needed to make current digital participatory 

platforms more visually intuitive for novice users and accessible to under-resourced communities. This 

chapter introduces a novel augmented reality participatory platform (ARPP) that uses mobile augmented 

reality (mobile AR) and evaluates ARPP’s participatory aspects by comparing it to a conventional method 

that uses printed maps, often used in participatory planning practices. When used outdoors, mobile AR 

has shown promise in improving the understandability and intuitive visualization of design interventions 

in situ. Through a series of participatory activities with volunteer members of an under-resourced 

community in North Carolina, the participation process and outcomes of both methods were assessed. To 

mimic the potential of ARPP in providing two-way communication between residents and decision-

makers, student participants were engaged to develop design solutions based on community members’ 

feedback. These solutions were later voted upon by the community members. The rich qualitative and 

quantitative data collected from participants were analyzed to demonstrate ARPP's benefits for 

participatory planning. It was found that while both ARPP and printed maps were useful participatory 

planning methods for engaging communities in design and planning, ARPP offers important advantages. 

It enhances the interactivity and understandability of design interventions by providing intuitive 

visualizations of neighborhood conditions and design solutions in situ. As a mobile-based participatory 

platform, ARPP also enhances the inclusion of under-resourced communities in decision-making 

processes. Therefore, ARPP will be a valuable digital participation addition to the toolbox of community 

engagement and participatory planning methods. 
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4.1. Introduction 

Participatory planning involves the public in decision-making (Stratigea et al., 2015), improving the 

quality and legitimacy of decisions (Brown, 2017), promoting a power balance between decision-makers 

and the public, and building the capacity to improve individual and community health (Smith, 1973). 

While a wide range of conventional participatory planning methods such as public hearings, town hall 

meetings, and workshops (Rowe & Frewer, 2000, 2004; Sanoff, 2000) have been used to engage 

communities in design and planning (Smith, 1973), they have their own issues. These methods are often 

cost-intensive and time-consuming for decision-makers, as they require dedicated gathering places (Jasim 

et al., 2020) and lengthy processes for inviting and engaging participants. Moreover, conventional 

methods may fall short in engaging the entire community, as they require stakeholders to be physically 

present in a venue at certain times of the day (Ertiö, 2015), reducing the chances of individuals with 

multiple jobs, childcare responsibilities, and limited access to transportation to attend and be heard 

(Kleinhans et al., 2015). Furthermore, vocal members of the community who feel comfortable sharing 

their preferences with others are more likely to attend meetings (Mueller et al., 2018), and eventually may 

come to dominate design and planning outcomes. 

Integrating digital technologies (i.e., information and communication technology (ICT), Web 2.0, and 

Web 3.0) into participatory planning may mitigate some of the issues faced by conventional community 

engagement (Afzalan & Muller, 2018; Evans-Cowley & Hollander, 2010; Lybeck, 2018). Digital 

participation is more affordable (Silva, 2010) and may offer a more inclusive community engagement by 

facilitating the dissemination of information to a wider population (Macintosh, 2004; Mueller et al., 2018) 

and expanding the ability of the public to be co-producers of spatial data related to their environment 

(Stratigea et al., 2015). In design and planning, various digital participatory platforms have been 

developed (Falco & Kleinhans, 2018; Silva, 2010) to engage residents in decision-making processes 

(Desouza & Bhagwatwar, 2014). Digital participatory platforms use diverse technologies (Afzalan et al., 

2017; Evans-Cowley, 2010), and categorizing them can be challenging (Evers et al., 2019). However, at 

present, a wide range of web-, mobile-, and map-based digital participatory platforms have been 

developed to engage the public in design and planning.  

Web-based participatory platforms provide community engagement services through the web to decision-

makers and the public. Some web-based platforms such as MetroQuest, Bang the Table (Rucker, 2014), 

and PublicInput (PublicInput.com, 2019) are centralized participatory tools used by local governments 

and non-profit organizations to engage the public. Social networking platforms are also dynamic web-

based platforms used for social interactions (Zhang & Leung, 2015), often utilized to engage communities 
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in design and planning (Evans-Cowley & Hollander, 2010; Kleinhans et al., 2015). Social networking 

platforms such as Nextdoor (Masden et al., 2014) have been used by public organizations and 

communities to inform local residents about matters related to their neighborhoods (Afzalan & Muller, 

2018; Steiniger et al., 2016). Others, such as Facebook, Twitter, and Instagram, have been employed by 

decision-makers as venues for improving participation in planning practices and by the public to generate 

crowdsourced data (Atzmanstorfer et al., 2014). While some web-based platforms are designed to run on 

mobile devices such as smartphones and tablet computers, mobile-based participatory platforms 

specifically utilize mobile devices to enable the public to connect, vote, generate, and share information 

(Ertiö, 2018). Mobile devices provide an interactive and participatory network of embedded sensors 

(Ertiö, 2015) such as geographic positioning systems (GPS) and cameras, which allow residents to gather 

and share location-specific information (Höffken & Streich, 2013). The ubiquity of mobile devices makes 

them ideal tools for residents to use in addressing neighborhood-level issues, particularly when employed 

by a large number of individuals (Lybeck, 2018).  

Map-based participatory platforms include a range of tools that integrate GIS, geospatial data, and online 

mapping in participatory processes to facilitate the visualization of local communities' needs and interests 

(Butt & Li, 2012; Pánek, 2016; Zhang, 2019). Some map-based platforms (e.g., CommunityViz (Bailey et 

al., 2011), UrbanSim (Waddell, 2002; Waddell et al., 2008), and Envision Tomorrow (Minner, 2015)) are 

GIS-based planning support systems used to involve residents in envisioning future designs and planning 

scenarios (Pettit et al., 2018). Others such as public participation GIS (PPGIS) (Brown & Kyttä, 2014) 

and volunteered geographic information (VGI) (Goodchild, 2007) create opportunities for residents to 

generate, share, and use spatial data and geographic information (Brown, 2017; McCall & Minang, 2005). 

The third set of map-based platforms such as Ushahidi (Steiniger et al., 2016), MindMixer (Rucker, 

2014), FixMySreet (Pak et al., 2017), and CityPlanner (Hjerpe et al., 2018) transcend these capabilities by 

using videos, 3D models, social networks’ content, and other crowdsourced geospatial data generated by 

the public to support community engagement (Atzmanstorfer et al., 2014). Lastly, platforms such as 

OpenStreetMap (Haklay & Weber, 2008) enables the public to easily create maps (Kleinhans et al., 2015) 

and share geospatial data with others on readily available online platforms. 

Digital participation has the capacity to expand channels of communications between residents and 

decision-makers (Khan et al., 2014) by allowing residents to engage in the generation of data (De 

Longueville, 2010) and share information and solutions with decision-makers (Mueller et al., 2018). 

However, in reality, most digital participatory platforms primarily provide one-way communication 

(Falco & Kleinhans, 2018; Thiel & Fröhlich, 2017), as they are mainly used by decision-makers to inform 

the public through communication channels designed to be top-down (Ertiö, 2015). Two-way 
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communication in which residents engage in a dialogue with decision-makers by giving feedback on the 

information being provided or problems defined can considerably benefit community engagement 

(Hudson-Smith et al., 2002). There is evidence that decision-makers may prefer conventional meetings 

over digital participation because of the two-way communication they provide (Jasim et al., 2020). This is 

despite the fact that digital participatory platforms have great potential for providing two-way 

communication (Bugs et al., 2010; Falco & Kleinhans, 2018), due to the inherent capacity of digital 

technologies to foster interaction and collaboration. While digital participation may not achieve full 

partnership between the public and decision-makers with both collaborating to define all problems, 

processes, and solutions (Macintosh, 2004), the capacity of digital participatory platforms to provide two-

way communication should be strengthened and prioritized. One way to achieve this is by developing 

more digital participatory platforms that offer two-way communication between residents and decision-

makers.  

Digital participatory platforms rely heavily on visuals such as images and maps (Hudson-Smith et al., 

2002) to present data, future design models, and development scenarios to stakeholders. Such visual 

elements can improve how participants perceive problems (McEvoy et al., 2018) and solutions, and hence 

contribute to fostering participation (Khan et al., 2014; van Leeuwen et al., 2018). However, many such 

visualizations are not easily understandable by laypeople (Jamei et al., 2017), as most create another 

world through digital media to represent the real world. Depicting the world this way limits a full 

understanding of the design (Rao et al., 2017), and eventually may negatively impact the effective 

participation of laypeople in decision-making. Immersive technologies (i.e., virtual reality (VR), mixed 

reality (MR), and augmented reality (AR)) can enhance design interventions' understandability and spatial 

perception by offering realistic three-dimensional visualization of designs (Jamei et al., 2017; van 

Leeuwen et al., 2018). Moreover, immersive technologies enhance communication in design and planning 

processes (Chowdhury & Schnabel, 2020; Williams et al., 2020), enabling all stakeholders, particularly 

laypeople, to experience future developments (Drettakis et al., 2007). Therefore, immersive technologies 

may offer great potential to engage the public in design and planning (Al-Kodmany, 2002; Hanzl, 2007).  

Among immersive technologies, AR provides more intuitive visualization (Imottesjo et al., 2020; St-

Aubin et al., 2010) by superimposing virtual content onto the real world in real time (Allen et al., 2011; 

Furht, 2011). AR has occasionally been used for community engagement purposes. For instance, Ishii et 

al. (2002) used a tangible interaction workbench that employs AR to overlay 2D drawings, 3D physical 

models, and digital simulations to engage urban design students. Recent technological improvements in 

smartphones have significantly facilitated the deployment of AR on mobile devices (Ko et al., 2013), 

often referred to as mobile AR. Mobile AR merges the visualization capabilities of AR with smartphones' 
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wireless communication, location-based computing and services (LBS), cameras, and GPS sensors 

(Kourouthanassis et al., 2015). Mobile AR has been used in many fields, such as cultural heritage, 

entertainment and games, navigation and path-finding, and collaborative design (Chatzopoulos et al., 

2017; Papagiannakis et al., 2008). In design and planning, mobile AR has shown promise for visualizing 

designs in their full scale and at their final locations, resulting in an enhanced understanding of future 

designs in situ (Billinghurst et al., 2015).  

More recently, mobile AR has been used to engage the public in decision-making. Allen et al. (2011) 

utilized mobile AR to communicate 3D design proposals to the public, and Alissandrakis and Reski 

(2016) introduced the augmented reality for public engagement (PEAR) to visualize data generated from 

public discussions held on social networking platforms. Furthermore, Qureshi et al. (2018) developed a 

prototype for a mobile AR app called CityAR Wellington to facilitate the navigation experience of 

residents in cities by visualizing cultural buildings and new developments. Urban CoBuilder is another 

mobile AR app developed for outdoor urban simulation that uses AR and game mechanics (Imottesjo et 

al., 2020). This app enables stakeholders, including residents, to collaborate on creating designs in urban 

environments (Imottesjo & Kain, 2018). While most AR applications have been developed for indoor use 

(Calabrese & Baresi, 2017), when mobile AR is used outdoors, it offers more intuitive visualization of 

designs on site (Rao et al., 2017). These capabilities make mobile AR particularly useful in outdoor 

settings, ideal for exploring design interventions in situ before they materialize (Redondo et al., 2017), 

and a potentially powerful participatory planning apparatus to be used in community engagement. 

Digital participatory platforms should be accessible to the public to address the core tenets of 

participatory planning. However, many digital participatory platforms may disadvantage under-resourced 

communities (Gosman & Botchwey, 2013; Pak et al., 2017), as the digital divide (Cavallo et al., 2014), a 

lack of access to digital technologies (Ertiö, 2015, 2018), and limited digital literacy (Kleinhans et al., 

2015; Markopoulou et al., 2018) remain pervasive in these communities. Mobile-based platforms may 

have the potential to mitigate some of the issues hindering the participation of under-resourced 

communities and ensure that the priorities of these populations are understood and included in the 

decision-making process (Rhoades et al., 2017; Tsetsi & Rains, 2017). The rate of smartphone ownership, 

text messaging, and downloading apps in under-resourced populations is similar to that of the general 

public (Rhoades et al., 2017). Moreover, this population uses mobile devices more frequently, particularly 

for social interactions, and for some, a mobile device is their only way of connecting to the digital world 

(Tsetsi & Rains, 2017). Furthermore, mobile apps have been shown to be better options for engaging 

under-resourced communities in decision-making, because unlike web-based platforms, they don’t require 

an internet connection to run (Pak et al., 2017). With the benefits of mobile-based platforms as accessible 
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digital technologies for under-resourced communities, utilizing these platforms to engage these 

communities in the design and planning of their neighborhoods is a promising possibility. 

The purpose of this article is two-fold: (a) to present a novel mobile-based participatory platform using 

mobile AR called the augmented reality participatory platform (ARPP) and (b) evaluate its participatory 

aspects by comparing it to one type of conventional participatory planning method that uses printed maps. 

To address the second aim, volunteer participants from an under-resourced community in North Carolina 

(NC) were recruited to carry out a series of participatory activities in two separate groups, one using 

CommunitAR, a mobile AR app and the main component of ARPP, and the other using printed maps. 

The participatory aspects of participatory planning methods and whether they are successful and effective 

for community engagement are mainly evaluated by assessing the process and outcomes of the 

participatory activities performed (Brown & Chin, 2013; Flacke et al., 2020; McEvoy et al., 2018). 

Therefore, after conducting all of the participatory activities, community participants assessed the 

process, outcomes, and their levels of satisfaction with both. Under-resourced communities 

disproportionately live in neighborhoods with inequitable access to walkable environments (Cutts et al., 

2009; Kelly et al., 2007; Zhu & Lee, 2008), and therefore ARPP focuses on engaging such communities 

to improve neighborhood walkability. 

ARPP can provide two-way communication between residents and decision-makers (see Chapter 2). 

Through ARPP, residents are able to generate walking-related spatial information and give decision- 

makers feedback on neighborhood-level walkability issues. Decision-makers can then use the community 

feedback to develop design solutions that address those issues and present them to residents through 

ARPP. Eventually, residents can use ARPP to visualize design solutions and vote on those they prefer. To 

mimic the two-way communication offered by ARPP, in addition to participatory activities for 

community participants, a design activity was also conducted with graduate urban design students 

(representing future decision-makers) and coaches from the local government’s planning department. 

Through this design activity (i.e., virtual charette), several walkable design scenarios were developed 

based on community feedback, which ultimately were voted on by community participants.  

In the following sections, ARPP and its main component, CommunitAR, is first described. Then, the 

research method comprised of the study setting, participatory activities with community participants, and 

the design activity with students and their coaches is explained. Next, a wide range of qualitative and 

quantitative data collected during the participatory activities with the community and the design activity 

are analyzed and the results reported. Finally, the advantages of using ARPP in community engagement 

and avenues of future research are discussed. 



 

105 

 

4.2. The augmented reality participatory platform and CommunitAR, its main component 

The novel ARPP is a digital participatory platform that uses mobile AR to engage residents, particularly 

in under-resourced communities, in design and planning activities. ARPP enables residents to actively 

engage in making decisions for their neighborhoods while interacting with design solutions outdoors and 

on site. ARPP can also accelerate concurrent interactions of residents and decision-makers by utilizing 

social networks and real-time mapping services. ARPP and its three components, including 

CommunitAR, a real-time mapping service, and a cloud database, are introduced in detail elsewhere (see 

Chapter 2). ARPP goes beyond representing design solutions on printed boards or online mapping and 

visualizes design solutions in situ through CommunitAR. 

The core of ARPP is a mobile AR app (i.e., CommunitAR). Although web-based mobile AR has attracted 

attention recently (Qiao et al., 2018), mobile AR apps that are installed on mobile devices and work 

without internet connection have been shown to be powerful means of creating AR experiences (Höllerer 

& Feiner, 2004). Mobile AR apps can perform several tasks simultaneously using available tracking, 

rendering, and interaction components of mobile devices (Chatzopoulos et al., 2017). The tracking 

component handles the device position and allows the rendering component to generate augmentations of 

the real world with digital contents, visualizing them through the device’s camera. The interaction 

component enables users to interact with the camera output (Chatzopoulos et al., 2017; Grubert et al., 

2017), using the app’s interface. CommunitAR benefits from markerless tracking to register 3D content, 

and thus no physical marker is needed to guide the position and orientation of virtual objects in the real 

environment. In markerless mobile AR, GPS and other built-in sensors in the smartphone determine and 

stabilize object placement (Cirulis & Brigmanis, 2013). Moreover, CommunitAR allows users to interact 

with the real environment by pointing the mobile device towards the ground and letting it augment the 

display through the camera output.  

CommunitAR has two main modes, COM and VIZ. In the COM mode, users can select an array of 3D 

models of street features, place them in the environment, and manipulate them until the intended 

locations, orientations, and sizes are achieved (see Figure 4.1.a). Users can also capture screenshots of 

scenes and (both immediately and later) share those images and related comments via multimedia 

messaging systems (MMS) or on social networks. Social networking platforms expand the interaction of 

community members beyond participatory platforms (Atzmanstorfer et al., 2014), and thus have been 

integrated into ARPP. All screenshots and their corresponding locations, times, and comments are 

transferred to the mapping service through the ARPP cloud database for real-time visualization.  
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Figure 4.1. CommunitAR’s interface: (a) COM mode: a virtual street feature placed in the environment and ready to 

be captured by the camera. GPS and time information are shown on the top-left corner of the screen. (b) VIZ mode: 

face emojis and a comment section allow users to express their votes on the overall design. 

The VIZ mode allows users to place and visualize 3D models of walkable design scenarios in their real-

world locations. The 3D models are registered with GPS, and users can manipulate them to correct GPS 

inaccuracies and misalignments. While GPS accuracy is an issue for mobile AR (Santana et al., 2017), 

particularly in urban environments (Cirulis & Brigmanis, 2013), this approach allows for a robust 

registration of 3D content (Woodward, 2010) and creates a smooth AR experience for users. Following 

the experience of design scenarios, users can vote on their preferred design by indicating one of the three 

smiley faces to show if they liked, disliked, or were neutral towards the design (see Figure 4.1.b). Users 

can also indicate the reasons for their selections by simply describing them via the app interface. The 

cloud database handles the voting results and feedback comments and makes them available to decision-

makers for further analysis. The focus of the present chapter is on demonstrating the VIZ mode of 

CommunitAR, as the COM mode and its usage were described elsewhere (see Chapter 3).     

4.3. Methods 

This chapter discusses a portion of a larger study aimed at implementing ARPP in an under-resourced 

neighborhood environment and assessing its participatory aspects. One of the requirements for 

meaningful participation is two-way communication between residents and decision-makers, in which 

residents give feedback on the information provided and problems defined by decision-makers (Hudson-

Smith et al., 2002). To mimic the process of such two-way communication, a range of activities were 

designed to take place across four phases (see Figure 4.2). In a community engagement context, activities 

are actions (Thissen & Twaalfhoven, 2001) that enable participants to structure problems, find solutions, 

make decisions, and implement interventions (McEvoy et al., 2018). Two groups of participants 

performed such activities in the present study: community members from the North End neighborhoods 

of Charlotte, NC (i.e., community participants) and graduate urban design students at a public research 

university in NC (i.e., student participants). Three phases of the study (Phases 1, 2, and 4) were 

(a) (b) 
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community-based, as they were carried out by community participants. Phase 3 was performed by student 

participants and coaches from the local government. 

In Phase 1, community participants worked together to identify the least-walkable street in the 

neighborhood (i.e., the target street) and community-specific street features that would improve its 

walkability. In Phase 2, community participants were divided into two groups; one (the AR community 

group) used CommunitAR, and the other (the map community group) utilized printed maps. Each group 

separately determined community-specific street features in their locations and gave feedback on how to 

improve the walkability of the target street, using only the tools made available to them. In Phase 3, 

feedback from community participants was given to the student participants coached by urban design and 

planning experts from the local government to develop walkable design scenarios in a design activity. The 

student participants were divided into four teams. The two AR student teams worked with the feedback 

from the AR community group, and the other two map student teams used feedback from the map 

community group. In Phase 4, the AR and map community groups engaged separately in a voting activity 

to determine if the walkable design scenarios successfully solved the walkability issues identified in 

Phases 1 and 2. Eventually, both community groups assessed the process, outcomes, and levels of 

satisfaction with the activities that comprised the community-based phases of this study (Phases 1, 2, and 

4). Responses were collected using two participation evaluation questionnaires. 

 

 

 

 

 

 

 

 

Figure 4.2. Four phases of the study and related activities. Phases reported in this chapter (Phases 3 and 4) are in 

grey.     
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The focus of this chapter is on Phases 3 (the design activity) and 4 (the voting activity), as well as the 

participants’ evaluations of the community-based phases of this study. Phases 1 and 2 were discussed in 

Chapter 3. Data collection was performed from February to August 2020. All activities were 

photographed, audio recorded, and video recorded as needed, and the study was approved by NC State [to 

be hidden for review] University's Institutional Review Board. In the following sections, the study setting, 

participants, activities carried out in Phases 3 and 4 to collect qualitative and quantitative data, and 

instrument used for the participation evaluation are described in detail.  

4.3.1. Study setting 

This study was performed in the North End neighborhoods located north of uptown Charlotte, NC, and 

surrounded by I-277, I-77, I-85, and North Davidson Street (see Figure 4.3). The city of Charlotte has 

identified North End as an investment target in its Community Investment Plan (CIP). In 2011, the Center 

City 2020 Vision Plan established the Applied Innovation Corridor’s North End as an area for economic 

growth and infrastructure investment (Charlotte Center City, n.d.). North End is also a hub for the 

Charlotte “Smart District” initiative, which applies data and innovative technologies to enhance mobility 

options, safety, and economic development (Clampitt, 2018; Simmons, 2017). Based on 2014 data, the 

North End area had about 9,000 residents, with 85% identifying as African American. Most inhabitants 

commuted more than 20 minutes to work, and only 14% of those working used public transit (Hazel, 

2017). The North End neighborhoods are considered to be of lower socioeconomic status (Leading on 

Opportunity, 2017; Nichol & Hunt, 2016). 

 

 

 

 

 

 

 

Figure 4.3. Location of the North End neighborhoods (i.e., the study area) in Charlotte, NC (adopted from 

Charlotte Mecklenburg Planning Department map).  
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4.3.2. Study participants 

4.3.2.1. Community participants 

Eight community participants were recruited for this study, four each in the AR and map groups. To 

recruit community participants, a partnership was established with the North End Community Coalition 

(NECC), a collaborative alliance of eight North End neighborhoods established in 2015. NECC 

community leaders contacted North End residents through flyers (see Appendix 4.1), word of mouth, 

emails, and announcements on the social networking platform Nextdoor. All community participants were 

required to commit to performing all participatory activities originally planned for the following three 

months, but extended to seven months due to the COVID-19 pandemic. Each participant received 

monetary gift cards, refreshments, and light snacks in exchange for performing their activities. 

Seven community participants were North End residents; the one who did not live there had worked in the 

area for a substantive amount of time and knew it well. Community participants were all non-White and 

six were Black. One participant was Hispanic, and one identified as “other” in terms of race. The 

household incomes of four of the community participants were under $50,000, and all of the participants 

had at least some college education. All community participants were adults over 18 years of age, and six 

were female. All four AR community participants had smartphones with iOS operating systems; only one 

had prior experience with AR apps.  

4.3.2.2. Student participants and planning coaches 

Eleven graduate urban design students from a public research university in NC were recruited to 

participate in the design activity. These were divided into four student teams, two to work with the AR 

community group's feedback (the AR student teams) and two with the map community group's feedback 

(the map student teams). All teams were comprised of three student participants except for one map 

student team that had two participants. To recruit student participants, the instructor of one of the urban 

design studios at the university whose projects were focused on the North End was contacted and asked to 

locate student volunteers. Each student team was supervised by a coach who was an urban planner from 

the city of Charlotte. One of the principal urban planners was asked to recruit three volunteers from the 

city’s planning department; these individuals knew the area well and had extensive experience in 

community engagement.   
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4.3.3. Study activities 

4.3.3.1. Design activity: Virtual charrette with urban design graduate students and government planners    

The design activity in Phase 3 was a virtual charrette conducted with student participants and their 

coaches. Charettes are quick collaborative decision-making activities used to develop and finalize design 

and planning alternatives (Sanoff, 2000). The virtual charrette focused on creating four walkable design 

scenarios for the target street, which in Phase 1 was identified as the least-walkable and most in need of 

improvement by community participants. Student participants used the community feedback on street 

features that were required to encourage walking at locations along the target street (collected in Phase 2). 

The charrette was planned to be held in person, but performed virtually through an online conferencing 

platform due to the COVID-19 pandemic. After a presentation by the lead researcher about the overall 

study and expectations for the charrette, participants were randomly assigned to two AR student teams 

and two map student teams. Coaches from the city of Charlotte planning department used their urban 

planning and design experience to assist teams in developing design scenarios. All four student teams 

performed the virtual charrette concurrently in different virtual breakout rooms. The four breakout rooms 

were overseen by the lead researcher who was available to address any questions emerging during the 

activity.  

Each AR student team was provided with interactive, customized Google Maps containing images of 

virtual street features in their corresponding locations and related comments collected in Phase 2 from the 

AR community participants (see Figure 4.4.a). Similarly, each map student team was provided with four 

modified maps with icons of street features in their corresponding locations and related comments from 

map community participants (see Figure 4.4.b). Maps were modified and digitized using Adobe 

Photoshop. Student participants in each team used the data provided and the SketchUp program to 

develop a walkable design scenario for the target street. The 3D SketchUp models of the target street and 

its surrounding area and all street features were provided to accelerate the creation of 3D models of the 

design scenarios (see Figure 4.5). At the end of the design activity, student teams briefly presented their 

designs, addressed why they considered their designs walkable, and explained how they used data from 

the community to inform their design scenarios. 
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Figure 4.4. Community feedback provided to AR and map student teams: (a) an interactive digital map including all 

AR community participants' images and comments in their corresponding locations, and (b) two of the digitized 

versions of street features selected by map community participants and their feedback on the associated locations.  

In charettes, both developed designs and the process of development are important (Sanoff, 2000). 

Therefore, as part of the design activity, students were also asked to complete an online questionnaire 

about the virtual charette process (see Appendix 4.2). The questionnaire assessed the adequacy of the 

community feedback to be helpful in developing the design scenarios, the charrette's duration and speed, 

any technical difficulties experienced, and the likelihood of participating in virtual charrettes in the future. 

In a subsequent focus group discussion, students shared their overall experience with the virtual charrette 

and how it could be improved. 

 

 

 

 

Figure 4.5. A screenshot of students and their coach in a virtual charrette session, working on a SketchUp model of 

the street to develop a walkable design. 

The outcomes of the virtual charette were four walkable design scenarios for the target street, two (i.e., 

AR1 and AR2) to be used by the AR community group and two (i.e., MAP1 and MAP2) by the map 

community group (see Figure 4.9). The lead researcher finalized all four design scenarios for the 

subsequent Phase 4 voting activity. AR1 and AR2 were optimized and uploaded into CommunitAR's VIZ 

(a) (b) 
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mode. The 3D models of MAP1 and MAP2 were digitally rendered and printed on 36" x 48" boards. The 

design activity lasted four hours. 

4.3.3.2. Voting activity: Community participants’ selection of the preferred walkable design scenario 

In Phase 4, separate community meetings were held for each AR and map community group to view the 

walkable design scenarios, vote on each, select the one most preferred, and discuss findings. Three 

separate locations on the target street (i.e., the west end (A), middle (B), and east end (C)) were identified 

for the voting activity (see Figure 4.6) to allow the community participants to fully experience the design 

scenarios. The AR community group experienced the design scenarios in situ in three locations (see 

Figure 4.7.a), while the map community group viewed the design scenarios on two boards through layout 

views of the three locations (see Figure 4.7.b). Both community meetings were conducted in compliance 

with pandemic guidelines, including physical distancing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7. Examples of design scenarios presented to community participants for the voting activity: (a) AR2, 

shown before (upper right) and after being placed at location A (lower right) and (a) MAP2 with layout views of 

locations A, B, and C. 

Figure 4.6. Locations A, B, and C on the target street that were used to visualize design scenarios developed 

during the design activity. 

 

(a) (b) 
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AR community participants were asked to walk to the target street and use the VIZ mode of 

CommunitAR to visualize both design scenarios in all three locations and then cast their vote (see Figure 

4.8.a). Participants voted on their preferred design for each of the three locations by selecting 1 for AR1 

and 2 for AR2 and specified their reasoning via the app interface (see Figure 4.9). Additionally, after 

experiencing them in all three locations, participants were asked to cast their overall vote for either design 

using one of three smiley faces in the app (indicating dislike, neutral, or like). While casting their overall 

vote, they had the opportunity to inscribe general comments about each design while still physically 

present on the street. When participants returned to the meeting location, the lead researcher retrieved the 

votes from the database in real time and shared the results for both scenarios in all three locations, as well 

as the general ratings and preferred design receiving the most votes from community participants. In a 

focus group, participants discussed both design scenarios and added their comments about making the 

preferred design scenario more walkable.  

 

 

 

 

 

Figure 4.8. Voting activity with community participants: (a) AR community participants experiencing alternative 

design scenarios at one of the determined locations (location A). (b) Map community participants viewing both 

design scenarios and preparing to vote on their preferred designs. Participants practiced physical distancing because 

of the pandemic. 

 

 

 

 

Figure 4.9. CommunitAR’s interface for voting on the walkable design scenarios for each location (1 for Scenario 1 

and 2 for Scenario 2) and inscribing comments. 

(a) (b) 
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Map community participants performed a similar voting activity (see Figure 4.8.b) using printed maps. 

Participants were asked to review both design scenarios printed separately on two boards with layout 

views of the three locations. They added their comments and concerns via sticky notes to each location 

and voted for the overall design using smiley faces printed on sticky dots. Sticky dots are a quick and 

intuitive polling technique often used in community meetings (Davis et al., 2013). In a focus group 

setting, the lead researcher presented the ratings of both scenarios and asked participants to discuss other 

possible ways to make the preferred design scenario more walkable. 

4.3.4. Participation evaluation 

After the Phase 4 voting on walkable design scenarios, the AR and map community groups evaluated the 

overall process and outcomes of the community-based phases of the study (Phases 1, 2, and 4) via 

participation evaluation questionnaires. While there is no comprehensive questionnaire that can fully 

capture all participatory aspects of community engagement, several existing frameworks were utilized to 

develop separate questionnaires for each community group. During a post-activity focus group held after 

they had responded to their corresponding questionnaires, the AR and map community participants 

discussed their ideas about the activities in which they had engaged and how they could be improved. The 

two participation evaluation questionnaires used in the evaluation and their dimensions are discussed in 

the following section (see Appendices 4.3 and 4.4 for the AR and map community group questionnaires, 

respectively).  

4.3.4.1 Participation evaluation questionnaires 

The participation evaluation questionnaires developed for this study assessed the process and outcomes of 

the activities performed by community participants, according to the dimensions of transparency, 

inclusiveness, facilitation of communication, social learning, consensus, and satisfaction. Tools are 

essential in participatory planning to organize the process and communicate the content to participants 

(McEvoy et al., 2018; Thissen & Twaalfhoven, 2001). Therefore, using frameworks that center on tools is 

vital in participation evaluation. Two existing frameworks developed by Flacke et al. (2020) and Evers et 

al. (2019) were modified to create dimensions for assessing the process and outcomes of the activities 

performed during the community-based phases of this study. Both frameworks were very relevant, as the 

dimensions used to evaluate the process and outcomes of the participatory planning were developed based 

on the tools used in the activities, and therefore could directly address the two tools employed in this 

study (i.e., CommunitAR and printed maps). The first three dimensions (i.e., transparency, inclusiveness, 

and facilitation of communication) were related to the process, and the next two (i.e., social learning and 
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consensus) evaluated the outcomes. The final dimension (i.e., satisfaction) assessed community 

participants' satisfaction with both the process and outcomes of the activities.  

The dimensions were assessed by 14 statements, 12 of which (S1 to S12) were common to both the AR 

and map community groups, and two additional statements (S9_a and S9_b) that were designed only for 

the AR community group. Five of the statements assessed the process (S1 to S4 and S6), three evaluated 

the outcomes (S5, S7, and S12), and six gauged participants' satisfaction with the process and outcomes 

(S8 to S11) (see Table 4.1). The two statements specific to the AR community group (S9_a and S9_b) 

evaluated the level of satisfaction with CommunitAR. From the 14 statements, five (S1 to S5) evaluated 

activities carried out by the community participants in all community-based phases of the study. Other 

statements (S6 to S12) only assessed activities in Phases 2 and 4, identifying community-specific street 

features and voting on the walkable design scenarios, respectively. These statements excluded Phase 1 

(identifying the least-walkable street and community-specific street features) to focus on activities carried 

out separately by the AR and map community groups. From these statements, one statement (S10) only 

focused on Phase 2, two (S11 and S12) on Phase 4, and the remainder (S6 to S9) on both Phases 2 and 4. 

Several studies on participatory planning and community engagement were used to generate the 

statements used in the questionnaires. The work by van der Stroom (2016) was utilized to develop 

statements S2, S4, S5, and S12, while the research by Laurian and Shaw (2009) was employed for S3, 

S10, and S11. Statements S1, S6, and S7 were modifications of statements suggested by Brown and Chin 

(2013) and Kovács et al. (2017). Four statements (S8, S9, S9_a, and S9_b) were included to assess what 

participants liked most and least about the activities, per McEvoy et al. (2018).  

All five statements that assessed the process (S1 to S4 and S6) and two statements that evaluated the 

outcomes (S5 and S7) were rated on a 10-point scale, with 0 = strongly disagree and 10 = strongly agree 

(Evers et al., 2019; van der Stroom, 2016). Two statements evaluating the level of satisfaction (S10 and 

S11) used a combination of a 10-point scale and open-ended question format, while the remaining five 

(S8, S9, S9_a, S9_b, and S12) were solely open-ended questions. 

 

 

 

 

https://www.zotero.org/google-docs/?Z6b9Cd
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Table 4.1. Participation Evaluation Dimensions, Associated Statements, and Study Phases.   

 Evaluation 

dimension 

Phases 1, 2, and 4 Phases 2 and 4 Phase 2 Phase 4 

Process  Transparency S1: Process was easily 

followed. 

S6: It was clear how the 

discussion of target street 

walkability contributed to 

the final design scenario. 

n/a n/a 

S2: Information was 

clear and understandable. 

Inclusiveness S3: Participants were 

given an equal voice. 

n/a n/a n/a 

Facilitation of 

communication 

S4: Exchanging ideas 

with others was possible. 

n/a n/a n/a 

Outcome Social learning S5: Understanding of the 

interests of others was 

improved. 

S7: A better understating 

of the target street 

walkability was achieved. 

n/a n/a 

Consensus 

reached 

n/a n/a n/a S12: Interests 

were taken into 

consideration in 

the preferred 

design scenario. 

Satisfaction with process 

and outcome 

n/a S8: What was liked about 

the activities? 

S10: How 

were the 

activities 

rated? 

S11: How were 

the activities 

rated? 

S9: What was disliked 

about the activities? 

S9_aa: What was liked 

about the AR app? 

S9_ba: What was 

disliked about the AR 

app? 

 

Note. In Phase 1, the least-walkable street and community-specific street features were identified. In Phase 2, community 

participants placed street features in their locations using CommunitAR and printed maps. In Phase 4, community participants 

voted on alternative design scenarios developed based on feedback provided in Phase 2 through the CommunitAR and printed 

maps. 

 
a Only for CommunitAR. 
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4.4. Results 

The results are reported below, as follows. First, the findings from Phase 3 (the design activity) are 

described. Then, the main outcomes of Phase 4 (the voting activity) are summarized. Lastly, key findings 

of the participation evaluation performed with community participants are explained. 

4.4.1. Virtual charrette with urban design students and government planners  

During the virtual charrette, two AR student teams worked with data obtained from the AR community 

group and two map student teams addressed information from the map community group. In this section, 

the findings from the questionnaire and focus group discussion on the adequacy of the data provided to 

develop the design scenarios, the charrette's duration and speed, technical difficulties, and student 

participants’ overall experience are explained. 

In terms of the information provided by the community to create walkable design scenarios for the target 

street, all AR and map student participants responded that they either strongly agreed or agreed that the 

data were adequate (see Table 4.2). This was despite the fact that the data were presented differently to 

students (i.e., customized Google Maps with geolocated images and community comments for the AR 

student teams and modified maps of the target street with street feature icons and community feedback for 

the map student teams). The AR student teams especially appreciated the geolocated images used in the 

customized Google Maps. These visualized community needs and perceptions of a walkable street in 

ways students found intuitive and applicable. As one student put down, "the photos from the AR app 

made it exceptionally clear where the residents want to see specific features. It was easy to see/visualize 

what they were thinking and then apply an urban design lens to make it realistic and implementable." 

Moreover, using Google Maps helped the AR student teams better understand the target street and its 

context. One of the map student participants who also viewed the customized Google Maps created for 

the AR student teams expressed that it “seemed like there was a little bit more context because it's linked 

to a map. And I was like, oh, man, that's so much like those ideas that we came to maybe a little bit later." 

Most student participants found the charette duration and speed very suitable for three participants to 

develop walkable design scenarios, as it was similar to their normal four-hour design studios. However, to 

save time, some students suggested that using traditional hand-sketched drawings instead of digital 

models and employing other drawing software besides SketchUp might help. Moreover, some student 

participants suggested that more community participants and background information about the target 

street would have been helpful in developing higher-quality walkable design scenarios. In particular, they 
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suggested that adding voice recordings to CommunitAR would have maximized the ability to obtain 

insights from community members. This would have enabled residents to add other qualitative input in 

addition to images and comments and helped the students achieve a deeper understanding of residents' 

needs. The charrette went smoothly for the AR student participants and they reported very few technical 

difficulties, unlike the map student participants who frequently encountered issues. For them, the main 

reason was not the difference in the data provided, but rather crashes and freezes in the SketchUp models, 

mainly due to their lack of experience with the software and lag in the online meeting platform. 

Table 4.2. Summary of the Virtual Charette’s Statements and Students’ Ratings. 

Statement Frequency of AR 

student responses 

(n = 6) 

Frequency of map 

student responses (n 

= 5) 

Previous virtual charrette experience Yes 0 0 

No 6 5 

Data provided for designing scenarios 

were adequate. 

Strongly Agree 2 2 

Agree 4 3 

Neither agree nor disagree 0 0 

Disagree 0 0 

Strongly disagree 0 0 

Charette’s duration and speed were 

satisfactory. 

Strongly Agree 3 0 

Agree 3 4 

Neither agree nor disagree 0 1 

Disagree 0 0 

Strongly disagree 0 0 

No technical difficulties. Strongly Agree 2 0 

Agree 3 1 

Neither agree nor disagree 1 1 

Disagree 0 2 

Strongly disagree 0 1 

More likely to attend future virtual 

charrettes. 

Strongly Agree 2 0 

Agree 1 1 

Neither agree nor disagree 2 2 

Disagree 1 2 

Strongly disagree 0 0 

As suggested by some of the student participants, virtual charrettes would add a powerful tool to the 

public participation toolbox, particularly in combination with ARPP. The charrette was held virtually in 

the early months of the pandemic, and none of the student participants had prior experience with this new 

type of interaction. However, none expressed that they were very unlikely to participate in a similar 

activity in the future (see Table 4.2). For them, the virtual charrette was a convenient way to design 

remotely and should be available in the future for those who might not be able to attend a charrette in 

person. Despite these benefits, virtual charrettes' limitations of requiring computers and eliminating in-

person physical interactions were perceived as barriers by the student participants on both teams. Some 

students also suggested that more team members would be required in a virtual setting where all students 

might not be available all the time, meaning one or a few might end up doing most of the design-related 
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work. Eventually, four walkable design scenarios were developed for the target street, AR1 and AR2 from 

the AR community group feedback and MAP1 and MAP2 from the map group (see Figure 4.9). With the 

exception of some street features, the design scenarios for each group were relatively similar, as they were 

designed based on the same data obtained from community participants. 

4.4.2. Voting on alternative design scenarios by community participants 

For the voting activity, community participants were asked to choose one of two walkable design 

scenarios for three locations on the target street (A: west end, B: middle, and C: east end) and then cast 

their votes on the overall designs for both scenarios, indicating whether they liked them, disliked them, or 

were neutral towards them. While AR community participants chose to cast their votes on three locations 

and the overall design, map community participants cast their votes on the overall design and only 

commented on each location, without voting. In the AR community group, AR2 received more votes at 

the three locations and a higher score in the overall voting; hence, AR2 was considered the group’s 

preferred walkable design. However, in the map community group, participants gave similar scores to 

both MAP1 and MAP2 in the overall voting and suggested combining both designs into a single walkable 

design. In the overall voting, no community participants in either group disliked either of the two design 

scenarios being evaluated. 

4.4.3. Participation evaluation 

4.4.3.1. Evaluation of the process and outcomes of activities  

Assessment of the process for the activities carried out in the community-based phases of the study 

(Phases 1, 2, and 4) focused on the dimensions of transparency, inclusiveness, and facilitation of 

communication. In terms of the process transparency across all phases, which was measured with two 

statements (i.e., whether the process was easily followed (S1) and if the information was clear and 

understandable (S2)), the AR community participants provided lower scores than did their counterparts in 

the map community group (means of 8.9 vs. 10, respectively) (see Table 4.3). Only one AR community 

participant had prior experience working with AR apps, and the novelty of using this technology might 

have played a role in the lower ratings. For the process transparency in Phases 2 and 4 regarding whether 

it was clear that the discussions on walkability issues for the target street contributed to the final design 

scenario (S6), the AR and map community participants' ratings were almost the same (means of 9.3 vs. 

9.8, respectively). Comparing the ratings regarding process transparency in Phases 2 and 4 with the 

ratings of all phases of the study shows that the map community group's ratings remained almost the same 
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(10 and 9.8, respectively) while the ratings of the AR community group improved (means from 8.9 to 

9.3).  

Considering the process inclusiveness across all phases (i.e., giving an equal voice to participants (S3)) 

and facilitation of communication (i.e., enabling the exchange of ideas and thoughts with others (S4)), 

both the AR and map group participants offered similar, very favorable responses (means of 10 vs. 10 for 

S3 and 9.5 vs. 9.8 for S4, respectively). Regarding the facilitation of communication, one participant 

expressed that he admired how “everyone felt comfortable in sharing their ideas and opinions, and that 

there was no right or wrong answers. And that we all felt good about our selections and ideas, without 

anyone saying to us, oh, that's ludicrous." Moreover, one AR community participant embraced the 

process inclusiveness by indicating that: 

“[S]ome people, whenever you have a meeting, they're not able to attend that. So because of that, 

you need to have the option. Well, you know, this is what we're doing and this is where you can 

go and stand here or you have this app and this is where it is and you can do it on your own 

time.” 

The outcomes of the activities were assessed according to the dimensions of social learning and reaching 

consensus. Both the AR and map community groups perceived social learning similarly highly in all 

community-based phases of the study and Phases 2 and 4 (means 9.5 vs. 9.8 for S5 and 9.5 vs. 10 for S7, 

respectively). Both groups strongly agreed that in all phases, their understanding of what others in the 

group were interested in was improved (S5) and they gained a better understanding of issues related to the 

walkability of the target street in Phases 2 and 4 (S7). One participant explained that the benefits of the 

social learning dimension included "hearing other people's experience with that same space, like whether 

they had only driven or maybe been a pedestrian and a driver down the street or something … and 

learning how maybe it was different or similar to mine." 

In terms of reaching consensus (S12), all participants in both community groups agreed that the interests 

they expressed in Phase 2 were considered in the design scenario selected by the group in Phase 4. For 

both groups, good, open, and encouraging facilitation was emphasized as a reason for their positive 

responses. Additionally, for the AR community participants, walking in the field and the ability to place 

virtual street features and design scenarios in the street environment, as well as the community-based 

nature of the study, were perceived as reasons why consensus could be reached. For the map community 

participants, group dynamics and an eagerness to collaborate, share knowledge, and express preferences 

were all encouraging.   
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4.4.3.2. Satisfaction with the process and outcomes of activities  

With respect to the activities performed in Phases 2 and 4, the AR community participants liked (S8) 

being in the actual environment and interacting with the real world when visualizing the street features 

and proposed improvements. As one participant indicated, by being present in the physical space: 

“[Y]ou may realize something that you didn't realize when you're just seeing it on paper. Like, 

there may be some little aspect or maybe a traffic pattern is different at certain times of the day ... 

so being able to actually visualize and seeing in the space makes a difference."  

Most of what the AR community participants disliked (S9) about these activities were related to 

CommunitAR’s usability (i.e., navigation, bright sun, and weather conditions.) Regarding CommunitAR 

itself (S9_a, S9_b), while the AR community participants liked it overall, they reported some usability 

issues such as problems with ground detection and display orientation.  

Table 4.3. Rating Results for Both Groups from the Participation Evaluation Questionnaire.  

 Evaluation dimension Statement(s) AR community 

group mean 

Map community 

group mean 

Process Transparency S1 & S2a 8.9a 10.0a 

S6 9.3 9.8 

Inclusiveness S3a 10.0a 10.0a 

Facilitation of communication S4a 9.5a 10.0a 

Outcome Social learning S5a 9.5a 9.8a 

S7 9.5 10.0 

Consensus reached S12b All participants 

responded yes b 

All participants 

responded yes b 

Satisfaction with process and outcome S10 8.8 9.5 

S11 9.3 9.8 

Notes. 
a Statement(s) and rating(s) related to all community-based phases of the study (Phases 1, 2, and 4). 
b Response categories were yes, partly, and no. 

 

For the activities performed in Phases 2 and 4, map community participants liked (S8) how they were able 

to understand others' experiences through conversation, the agreements reached, and the process by which 

the design scenarios were built upon community feedback. They also appreciated the printed maps, which 

they felt facilitated discussion and idea generation. One participant indicated that “having these big visual 

artifacts and being able to look at one thing all together and then build on the ideas of others, I think that 

was really helpful." However, the map community participants did not like (S9) their inability to be 
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physically present in the street and immersed in the walking experience. They also did not like how the 

delay caused by the pandemic impacted their ability to recall previous discussions.  

Both the AR and map group participants were very satisfied with the activities in Phase 2 (S10) and Phase 

4 (S11) (means 8.8 vs. 9.5 for S10 and 9.3 vs. 9.8 for S11, respectively) (see Table 4.3). In Phase 2, the 

AR community participants were satisfied with the convenience of placing virtual street features on the 

street, though they had issues with CommunitAR’s battery drainage. In Phase 4, CommunitAR's voting 

interface met their expectations because it made them feel heard, but the lighting conditions on a sunny 

day made it difficult for them to interact with the app. Moreover, most AR community participants 

admired the ability to instantly manipulate the 3D models of the design scenarios while being in the actual 

place. One participant indicated:  

“[I]f you're using the app, you can actually be right in the space. It's right in front of you and you 

know where it is. So you say, oh, okay, it is right here, because I know where it is. I visualized it, 

and I could manipulate it … so you can be right in the moment and make that change and 

manipulate it with the app and see what it looks like.” 

For the map community participants, the freedom to share and express ideas, feelings of ownership of the 

results, and the experience being fun and engaging were all positive perceptions of Phase 2. However, not 

having a walk-through prior to engaging in the activities in this phase and not being able to experience the 

target street from a pedestrian’s point-of-view were unsatisfactory. In Phase 4, large renderings and the 

comfort of comparing both designs were perceived as benefits by the map community participants. 

However, they were not satisfied with the fact that they had to recall the maps and sketches from Phase 2 

and were unable to see the intersections during different times of the day, due to the inherent limitations 

of renderings. 
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4.5. Discussion 

This chapter presented a discussion of ARPP, a novel digital participatory platform equipped with mobile 

AR, and evaluated its participatory aspects in order to determine the advantages and drawbacks as 

compared to a conventional map-based participatory planning method. A series of participatory activities 

were engaged in by two groups of community participants in an under-resourced community in Charlotte, 

NC, one using CommunitAR, the main component of ARPP, and the other using printed maps, a less 

advanced alternative to CommunitAR. ARPP was conceptualized as a means of offering two-way 

communication between residents and decision-makers, and therefore a virtual charrette with graduate 

urban design students and their coaches from the local government was held to develop alternative design 

scenarios, which later were voted upon by community participants. The findings of this study built upon 

the qualitative and quantitative data collected from community participants and their engagement 

throughout the process, and as such provide useful insights into the potential benefits of ARPP as a novel 

digital participation method for involving residents in design and planning, particularly in under-

resourced communities. 

4.5.1. Lessons from the participation evaluation 

Overall, both the AR and map community groups rated almost the same the process and outcomes of the 

activities performed in the study, which may indicate that ARPP is as successful and effective as the map-

based method. The process of activities was found to be transparent, inclusive, and conducted in a way 

that facilitated communication among community participants, regardless of the tool they used (i.e., 

CommunitAR or printed maps). AR community participants found the process to be more transparent as 

they grew accustomed to working with CommunitAR and as its novelty diminished. Moreover, both the 

AR and map community groups found the outcomes of the activities to be valuable for social learning, as 

community participants achieved an improved understanding of the interests of other participants. 

Furthermore, both community groups reached a consensus, as the design scenarios selected in the voting 

activity addressed the walkability issues previously identified. 

As a digital participatory platform, ARPP was found to improve cognition, intuitive visualization, and 

interactivity by providing the opportunity for participants to be in the place and engage in design and 

planning. ARPP also offered more inclusive community engagement by expanding the accessibility and 

flexibility of participation. Printed maps provided useful communication tools for digitally unprepared 

populations, mostly because of the conventional visual elements. The advantages of using ARPP in 

community engagement are outlined in the following section. 
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4.5.1.1. Advantages of the augmented reality participatory platform  

ARPP provided the opportunity for community members to engage in decision-making while being in the 

actual place. This capability enabled them to better understand, visualize, and interact with the 

neighborhood issues and design solutions. Moreover, ARPP contributed to more inclusive community 

engagement by improving access of the less privileged to a means of sharing their preferences about the 

neighborhood. 

Being on site assisted community members with better understanding neighborhood issues and possibly 

making more informed decisions regarding how to address those issues. As one community participant 

indicated, CommunitAR "actually shows in the space where you're talking about versus when you look at 

a picture." While it is suggested that immersive technologies improve environmental perceptions (Wolf et 

al., 2020), one of the advantages of AR over other immersive technologies is the tangible contact with the 

real world it allows, while the user interacts with virtual information (Redondo et al., 2017). In particular, 

when AR is used outdoors, it offers cognitive advantages such as the ability to better remember the 

environment and improvements to the user’s social-situational learning (Imottesjo et al., 2020). Outdoor 

AR also facilitates the interconnection between users and their environment (Carmigniani et al., 2011) 

and improves users' understanding of design interventions by placing and manipulating them in situ. In 

this research, being in the actual place enabled community participants to virtually place 3D models of 

street features and walkable design scenarios in the street environment and instantly manipulate them 

until the desired scale, orientation, and location were achieved. Outdoor AR promotes active and real-

time interactions with design elements (Chowdhury & Schnabel, 2020) and accelerates the manipulation 

of suggested designs in real time (Markopoulou et al., 2018).  

Using ARPP outdoors was also found to facilitate a better visualization of designs and their 

characteristics, which is essential in making spatial decisions. This was expected, as outdoor AR offers a 

more intuitive visualization of design (Rao et al., 2017) as compared to indoor AR by enhancing users' 

presence (Wolf et al., 2020) in the actual places where future designs will be realized and within their 

associated context. In particular, outdoor mobile AR provides intuitive and enhanced data visualization 

(Imottesjo et al., 2020), a characteristic achieved in CommunitAR by directly superimposing 3D models 

of street features and design scenarios in the real street environment. This capability particularly helps 

novice users by simplifying comparisons and data analysis (Bartosh & Clark, 2019), which are imperative 

in any community engagement effort. In addition to visualizing design elements in situ, ARPP gathers 

context-aware and geolocated visual data in the form of images of street features that are placed in the 

environment and captured by community members through CommunitAR. Such visual data have been 
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shown to be significantly advantageous for participatory planning, as they provide contextual information 

for decision-makers (Klopfer & Squire, 2008; Stratigea et al., 2015).  

ARPP provides participants with a means of inclusive community engagement by making such 

participation flexible and more accessible to those who may not have the time, opportunity, or privilege of 

attending conventional community meetings. As one participant explained, ARPP "helps people to be 

able to provide input and not necessarily get off work early or not be at work or can't meet because of 

childcare and whatever situation." The inclusion of communities excluded from decision-making is 

intrinsic to participatory planning (Atzmanstorfer et al., 2014) and equitable development. While in-

person methods of engagement may fall short in achieving this goal (Ertiö, 2015), ARPP offers 

participants the flexibility to engage at their desired time, reducing the barriers to involvement, 

particularly in under-resourced communities where individuals may not be able to attend in-person 

meetings due to time and financial constraints. Moreover, mobile-based platforms have been shown to be 

effective for engaging under-resourced communities in decision-making (Pak et al., 2017; Tsetsi & Rains, 

2017), despite the fact that the digital divide and low internet access are pervasive problems in these 

communities (Cullen, 2001; Dickinson et al., 2019). As a mobile-based participatory platform, ARPP 

may provide better opportunities to include under-resourced communities in decision-making as AR 

community participants asserted that "I felt heard during every process” and “this whole experience was 

very community-driven." 

ARPP can expand the participation of those who prefer virtual interactions, as it is an alternative to face-

to-face community engagement methods. Different inter- and intra-personal reasons such as the user-

friendliness of digital technologies and their omnipresence in our daily lives may contribute to many 

favoring these methods, particularly younger generations (Cho et al., 2020; Kahne & Bowyer, 2019). The 

benefits of digital technologies such as mobile AR to advancing outreach and involving those who often 

hesitate to engage in improving the built environment should be further studied. However, it should also 

be noted that usability issues currently inherent in mobile AR, such as battery drainage, tracking, and 

ground detection to place 3D models may reduce the full functionality of the present iteration of ARPP. 

Moreover, conventional in-person methods may be more suitable for less digitally prepared individuals 

(Horrigan, 2016) and those who prefer face-to-face interactions. As one map community participant 

highlighted, he "especially like[d] being able to come together with residents and stakeholders to talk 

about enhancing the walkability.” Furthermore, using maps can be advantageous, as they typically require 

less cognitive demand compared to digital technologies, and certain groups may be more familiar and 

comfortable with utilizing them in community matters. As one community participant pointed out, “there 

are some people who are looking at a picture because that's what they feel comfortable [with], and some 
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people are like, oh, no, I want to go see it and I want to walk out there and walk to it,” a capability that 

ARPP provides.  

4.5.2. Lessons from the design activity 

Overall, the virtual charrette was a valuable digital method for engaging urban design students (as 

potential future decision-makers) in the process of decision-making. Furthermore, the charrette facilitated 

two-way communication between the community and student participants, enabling students to create 

walkable design scenarios for the community based on their input, which were then given to community 

participants for their assessment. While the community participants were not present during the virtual 

charrette, the data they generated were perceived as adequate by both the AR and map student teams and 

useful in creating walkable design scenarios. In particular, the geolocated images of virtual street features 

generated through CommunitAR were praised by the AR student participants as useful means of 

visualizing community preferences. Incorporating voice recording capability into CommunitAR to allow 

community members to record their comments as they walk along the street would complement the 

acquisition of community feedback (i.e., the geolocated images and comments). 

ARPP’s mapping service (Google Maps) was beneficial for developing design scenarios in the virtual 

charette. Customized Google Maps provided detailed information to the AR student participants about the 

street features the community participants felt needed in the target street to improve walkability. Map 

student participants also frequently used Google Street View to obtain contextual data about the target 

street and North End neighborhoods, as well as to check the feasibility of their design solutions in the real 

world. Online mapping services such as Google Maps and its Google Street View imaging service have 

shown promise for use in community planning as a means of accelerating the acquisition of accurate 

contextual data (Ben-Joseph et al., 2013; Li et al., 2017; Santos et al., 2011). These services have already 

been incorporated into modeling software (Tal, 2010; Xu et al., 2009) to facilitate the simultaneous use of 

geographic data while developing 3D design scenarios. Using Google Maps or other online mapping 

services is highly recommended for inclusion in the charette decision-making dashboard. Moreover, it 

was discovered that in a virtual setting, it is critical that participants have sufficient experience with 

modeling software to develop 3D models for design scenarios. In the virtual charette, SketchUp was used 

because of its compatibility with the gaming engine used to develop CommunitAR and widespread use in 

urban design and planning (Chopra, 2012; Lee & Yan, 2016). However, student participants demonstrated 

varying levels of expertise in working with the software, causing some technical issues. For better 

outcomes, assigning a captain with sufficient experience with SketchUp (or similar modeling software) 

and using hand-sketched drawings to supplement the software are recommended.  
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While in-person charrettes optimize design compromises and catalyze the transition of ideas and roles 

among decision-makers, virtual charrettes proved a viable process that complemented conventional 

decision-making methods. In particular, when in-person interactions are not feasible (such as during a 

pandemic or when working with designers in different geographical locations), virtual processes should 

be prioritized. In virtual settings, online meeting platforms play a crucial role in creating a seamless 

environment for concurrent drawing and working with 3D models. However, significant improvements 

are needed in current online meeting platforms for an uninterrupted progression of design ideas and 

reduction in technical difficulties. Innovative use of virtual and mixed reality technologies on these 

platforms will be beneficial as they have been reported to create immersive environments that facilitate 

multi-stakeholder collaboration (Lee et al., 2020; Lorenzo et al., 2012). Best efforts to approximate face-

to-face interactions are suggested for these immersive environments to provide convenient design 

compromises among decision-makers.  

4.5.3. Lessons from the voting activity 

The voting activity carried out with CommunitAR had an advantage over what was done with the printed 

maps, as it facilitated analyzing the votes in real time through the ARPP cloud database. The instant 

tracking of votes is particularly beneficial when monitoring and comparing the votes of a large number of 

community members, as the ratings are immediately presented to decision-makers. However, discrete 

voting through CommunitAR prevented AR community participants from viewing the ratings of their 

peers, which may have influenced their responses in favor of one design scenario over another. 

Conversely, simultaneous viewing of others' feedback and ratings led map community participants to 

combine both scenarios into one design, a result that could not be achieved with CommunitAR. Showing 

the ratings of participants to their peers in the app’s interface in real time might contribute to enhancing 

consensus building.  

The inclusion of several locations on the street during the voting process was helpful for both the AR and 

map community groups. For the AR community participants, this strategy created highly accurate 

positioning of design scenarios in the street environment by minimizing GPS errors in the field, as has 

been suggested in previous studies (Lee et al., 2012). In future mobile AR apps, particularly with outdoor 

markerless positioning that automatically detects the ground, it is suggested that several locations along a 

street be utilized to register the 3D models in the environment. Similarly, providing the layouts of a 

design in multiple locations also benefited map community participants as it enabled them to view 

walkable design scenarios in detail on a larger scale. This strategy also helped participants compare both 

designs and potentially engaged them in more informed decision-making.  
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4.5.4. Study limitations and future work  

Due to the limited number of participants, this study should be seen as an exploration of using and 

evaluating ARPP as a community engagement method. In particular, the ratings from the participation 

evaluation questionnaires and means used to compare ARPP with printed maps should be interpreted with 

caution. Moreover, a volunteer sampling was utilized to recruit community participants, which may have 

caused sampling and mapping biases (Brown, 2017). Involving more participants, possibly from several 

neighborhoods in different parts of a city, would strengthen the study's findings. Additionally, activities 

engaged in by study participants were designed to mimic communications between the public and 

decision-makers. However, they were not meant to include all possible interactions of stakeholders, and 

therefore the findings cannot be generalized to other settings. Moreover, outside factors such as sunlight 

and adverse weather conditions may have hindered the full interaction of community participants with 

CommunitAR. Using the app at other times of the day and during warmer seasons would enhance user 

interaction and may contribute to more robust results. Furthermore, 3D models of design scenarios 

developed by student participants and their coaches in the virtual charrette were uploaded manually into 

CommunitAR. While this was appropriate for research purposes, to make the app fully functional for 

daily use by end users, the automated and seamless uploading of 3D data directly by decision-makers is 

suggested in the future.  

In future studies, comparing ARPP with other digital participatory platforms would give clearer insights 

into the platform's advantages as a novel community engagement method. ARPP was developed as a 

mobile-based platform to make community engagement accessible to the public, particularly in under-

resourced communities. If AR glass (Leue et al., 2015) becomes widely available, the potential for 

expanding ARPP use to those who may not feel comfortable walking in the street and individuals with 

hand impairments unable to interact with mobile devices could be studied. Moreover, in future 

applications, ARPP would significantly benefit from improvements in collaborative AR and the ability to 

engage in simultaneous user interactions in immersive environments (Villanueva et al., 2020; Wells & 

Houben, 2020). Through collaborative AR, each user can attach their votes and feedback to design 

scenarios for other users to see and respond to them in real time, through their own mobile AR apps. 

Community members and decision-makers can also simultaneously collaborate on changes to the certain 

parts of the design without requiring charrettes or similar design activities. 

ARPP can be used in any community engagement and participatory planning effort focused on improving 

the built environment from the perspective of community members. While the focus of this study was on 

improving street-level walkability in under-resourced communities, ARPP can be used to actively engage 
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other communities in other neighborhood-scale and city-wide developments. New housing projects, 

public plazas, park redevelopments, and master planning are only a few examples of such applications. 

Smaller-scale architectural constructions and public art works could also benefit from ARPP as a means 

of eliciting feedback and informing the community. Moreover, decision-making is not limited to 

governmental entities, and institutions in the public or private sectors, as well as design and planning 

firms, could also use ARPP to communicate with their clients. 

4.6. Conclusions 

This chapter introduced a novel mobile AR participatory platform for community engagement called 

ARPP and evaluated its participatory aspects by comparing it to a conventional method that used printed 

maps. By engaging volunteer community members from an under-resourced community in NC and 

through a series of participatory activities, this study found that ARPP is a valuable addition to current 

digital participatory planning and community engagement methods. ARPP provides an intuitive way to 

visualize and interact with neighborhood-level issues and design solutions in situ. ARPP enables users to 

virtually place design elements and future developments in the actual place, manipulate them instantly, 

and acquire an enhanced understanding of designs in situ. ARPP also makes community engagement 

more inclusive by providing the opportunity to participate to those who may not normally engage or have 

been invited to engage.  

Besides enabling community members to provide contextual data to decision-makers for improving their 

neighborhoods, ARPP facilitates the presentation of design scenarios developed by decision-makers based 

on community feedback. The virtual charrette effectively mimicked the decision-making process, offering 

a convenient and flexible method of developing such design scenarios. Furthermore, the findings 

indicated that both ARPP and printed maps were useful for engaging communities in design and 

planning. Thus, it is upon community members and decision-makers to select one method or a 

combination of methods as they see fit. For those who may prefer face-to-face interactions or are less 

digitally ready, a conventional participatory planning method would be a valuable option to consider. 

However, if community members are unable or unwilling to attend in-person meetings, ARPP provides a 

mobile-based, intuitive, and accessible method for effectively engaging residents in solving a myriad of 

built environmental issues in their neighborhoods, particularly in under-resourced communities.  
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The overarching aim of this research was to develop, utilize, and evaluate a digital participatory platform 

using mobile AR called the Augmented Reality Participatory Platform (ARPP). ARPP was 

conceptualized to primarily serve as a digital participatory platform by which residents, particularly in 

under-resourced communities, could engage in finding design solutions to improve walking in their 

neighborhoods. The main component of ARPP is a mobile AR app called CommunitAR. Besides being 

the ARPP’s interface through which residents interact with and engage in community matters, 

CommunitAR can also be used for the subjective assessment of microscale features of the built 

environment that impact walking, such as sidewalks and bike lanes.  

5.1. Research questions, research activities, and how they were addressed in the 

dissertation 

In this research, four development questions (DQs) addressing the development and utilization of ARPP 

and CommunitAR and two evaluation questions (EQs) focusing on the evaluation of ARPP and 

CommunitAR were developed: 

DQ1.  At the conceptual level, how is ARPP broadly defined and articulated? 

DQ2.  What are the technical components of ARPP, and how are they related to each other? 

DQ3. How is the AR app, the main component of ARPP, utilized to engage under-resourced 

communities in finding solutions that improve neighborhood walkability? 

DQ4. How can the AR app be utilized for the subjective assessment of microscale features of the 

built environment that contribute to improving walking? 

EQ1. Does the AR app provide effective, efficient, and satisfactory user interaction for both 

expert and novice users? 

EQ2. What are the advantages and drawbacks of using ARPP in the process and outcomes of 

community engagement, as compared to a conventional method using printed maps?  

Chapters 2 and 4 of this dissertation focused on demonstrating the use of and evaluating ARPP as a 

digital participatory platform, while Chapter 3 described utilizing CommunitAR as a subjective 

assessment tool for walking-related microscale features. Chapter 2 addressed DQ1 by laying the 

theoretical foundation of ARPP as a digital participatory platform. This chapter also addressed DQ2 by 
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presenting the three components of ARPP: CommunitAR, a cloud-based database, and a real-time 

mapping service. The same chapter discussed the findings of the usability evaluation of CommunitAR, 

thus addressing EQ1. Chapter 3 responded to DQ4 by demonstrating that CommunitAR can be used to 

subjectively assess microscale features of the built environment that impact walking. That chapter also 

assessed CommunitAR’s capability to capture the perceptions of a group of community participants 

regarding the microscale features that need to be added to or removed from a target street to improve 

walkability. Chapter 4 expanded upon Chapter 2 by utilizing CommunitAR in an under-resourced 

community, thus addressing DQ3. This chapter also responded to EQ2 by comparing ARPP to a less 

advanced non-digital participatory planning method using printed maps. As part of this process, the data 

collected from community participants about street features (reported in Chapter 3) were employed by 

student participants and their coaches from the local government to develop design scenarios that would 

encourage walking. 

What connects the chapters of this dissertation are the various activities carried out with community 

participants, student participants and their coaches, and HCI experts (see Figure 5.1). During these 

activities, a range of qualitative and quantitative data was collected that was interpreted and analyzed 

throughout the research process. A CBPR approach informed the data collection with community 

participants and outlined participatory activities carried out to engage the target under-resourced 

community. Chapter 2 reported the findings from the evaluation activities conducted by HCI experts and 

community participants to assess CommunitAR's usability. Chapter 3 discussed the outcomes of the 

participatory activities conducted by community participants to identify street features specific to the 

community and locations along the target street. Chapter 4 explained the outcomes of a design activity 

performed by student participants and their coaches to develop walkable design scenarios, using the data 

collected throughout the participatory activities. The same chapter discussed the outcomes of a 

participatory activity in which community participants selected their preferred walkable design scenario 

and an evaluation activity in which they assessed the process and outcomes of all participatory activities.  
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Figure 5.1. Activities described in each chapter and carried out by participants. 
 

5.2. Research findings and takeaways 

In this section, the findings of this research with regards to ARPP as a digital participatory platform for 

community engagement are described. Then, those related to CommunitAR as a subjective assessment 

tool for walking-related microscale features are explained. Finally, the research limitations are discussed. 

Figure 5.2 summarizes these findings.  

 

 

 

 

 

 

 

 

 

 
 

 

Figure 5.2. Diagram of research findings with regards to ARPP as a digital participatory platform for community 

engagement and CommunitAR as a tool for the subjective assessment of walking-related microscale features. 



 

144 

 

5.2.1. Research findings regarding ARPP as a digital participatory platform 

In this dissertation, ARPP was presented as a digital participatory platform to engage residents, 

particularly those in under-resourced communities, in decision-making process related to improving 

neighborhood walkability. ARPP has the capacity to assist both decision-makers and residents in such a 

process. Decision-makers can use ARPP to collect a variety of information such as images and comments 

generated by residents about neighborhood walkability issues. ARPP can also be used by decision-makers 

to inform the public about walkable design scenarios developed based on community feedback and 

involve them in selecting their preferred designs. Residents can use ARPP to actively participate in 

walkability-related decisions for their neighborhoods by generating a range of geospatial data accessible 

to decision-makers. They can express their opinions about street features needed to improve walkability 

and give feedback on design solutions developed for such improvements. With regards to ARPP, the main 

findings of this dissertation include the following. 

ARPP is a novel digital participatory platform and a valuable addition to the toolbox of participatory 

planning and community engagement methods. In this dissertation, ARPP was utilized in an under-

resourced community and compared to a conventional participatory planning method using printed maps. 

The findings show that ARPP provides satisfactory and effective community engagement, making it 

advantageous for participatory planning efforts. Moreover, ARPP offers a usable interface for user 

interaction through its main Component, CommunitAR. As the findings of the usability evaluations 

by HCI experts and community participants show, CommunitAR provides satisfactory, efficient, and 

effective user interaction to its users.  

ARPP integrates mobile AR into participatory planning to engage residents in decision-making. AR 

is unique among immersive technologies because it merges the virtual and real worlds by overlaying 

virtual content onto the real environment. When AR is combined with the built-in sensors, ubiquity, and 

accessibility of smartphones (i.e., mobile AR), it becomes a visually rich, omnipresent, and accessible 

apparatus. ARPP uses the capabilities of mobile AR to provide a digital participation method for 

engaging residents in design and planning. Moreover, ARPP provides the opportunity for residents to 

experience and give feedback on community matters while they are physically outdoors. Through 

ARPP, residents can virtually place and manipulate street features and future design developments in their 

actual locations. Unlike most AR and mobile AR systems that are developed for indoor use, ARPP is used 

outdoors, offering the advantage of on-site interaction. ARPP allows residents to experience, place, and 

manipulate street features and design scenarios and provide feedback while physically present in the street 

environment. Such outdoor interactions will assist residents with better understanding neighborhood 
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walkability issues, providing more informed feedback, and selecting appropriate design solutions to best 

revolve obstacles to walking. 

ARPP has the capacity to enhance residents' experience of the neighborhood environment by 

providing in-situ visualization of design interventions. Through ARPP, residents can visualize 

neighborhood walkability issues (i.e., street features that need to be added or removed to improve 

walkability) and design solutions addressing those issues in their actual locations. Such in-situ 

visualization is more intuitive than most visualization methods used by other participatory platforms 

because it superimposes digital information (i.e., 3D models of street features and design scenarios) onto 

the real world and allows the user to experience the surrounding context. ARPP also enables residents to 

capture images of street features after visualizing them in situ. Such visual information creates a common 

and possibly more effective language for communicating between residents and decision-makers. 

ARPP provides a digital participatory planning method capable of providing two-way 

communication between residents and decision-makers. ARPP enables residents to generate walking-

related spatial information (i.e., street feature images, comments, and other location data) and share it 

with decision-makers to improve their neighborhood’s walkability. Decision-makers can then use this 

community feedback to guide the development of walkable design scenarios and present them to 

residents, also through ARPP. Additionally, ARPP provides the opportunity for residents to identify 

preferred walkable designs by allowing them to cast votes and share reasons for their selections. The 

virtual charrette presented in Chapter 4 mimicked such a decision-making process. Potential decision-

makers collaborated on developing design interventions to improve neighborhood walkability using 

feedback from community participants. 

As a mobile-based participatory platform, ARPP provides better opportunities to include under-

resourced communities (who often reside in neighborhoods unsupportive of walking) in decision-

making processes. Mobile participation has been shown to be effective for engaging such communities, 

despite the fact that the digital divide, less access to digital technology, and insufficient digital literacy 

skills are pervasive problems. ARPP will minimize some of these issues by providing an accessible, 

omnipresent, and intuitive digital participatory platform. Using ARPP, under-resourced communities can 

eventually engage more effectively in matters related to their physical environment and contribute to 

mitigating some of the consequences of inequitable developments that impact their neighborhoods. 

ARPP has the capacity to provide inclusive community engagement. It makes participation available 

to those who may not be able to attend community meetings due to time and financial constraints. ARPP 
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provides such individuals with accessibility and flexibility according to their schedule and through a 

device at their disposal. ARPP also has the capacity to expand participation among those who prefer 

virtual interactions, those who may hesitate to engage, and those who may not normally participate (such 

as younger generations). In public health emergencies like the COVID-19 pandemic, many do not feel 

comfortable attending indoor meetings. Thus, ARPP will provide a means of safe engagement outdoors 

and allow for the observance of physical distancing.  

5.2.2. Research findings on CommunitAR as a tool for the subjective assessment of walking-

related microscale features 

In addition to being used by residents as ARPP's interface, CommunitAR can be employed as a tool for 

subjectively assessing microscale features of the built environment believed to impact walking. 

Pedestrians, including neighborhood residents, can use CommunitAR to identify microscale features 

required to improve the walkability of a neighborhood street. Subjective data on such microscale features 

are scarce, and therefore visual and verbal data generated by users via CommunitAR will serve as a 

unique source of placed-based information for use in improving walkability.  

CommunitAR provides a mobile-based tool with the capacity to fill the gap in digital technologies 

used for the subjective assessment of walking-related microscale features. Smartphones are accessible 

and ubiquitous and have been shown to be useful in built environment assessments. With CommunitAR, 

users can place a limited number of microscale features in various locations along a street, take images of 

the scene (including the features placed in the street environment), and share comments on social 

networking pages to describe why they believed those features would encourage or discourage walking.   

CommunitAR offers on-site interaction with microscale features. It allows users to select virtual 

microscale features from its pre-loaded library of features and interact with them on site. Through these 

interactions, users can place features believed to improve walkability at different locations along a street, 

manipulate and take images of them after placement, and share them on social networking services, along 

with their assessment of why those features are needed or should be removed.     

CommunitAR provides users with intuitive visualization of microscale features in situ. It facilitates a 

rich understanding of street-level walkability by enabling users to visualize and assess microscale features 

while walking along the street of interest. CommunitAR also assists users with generating a unique set of 

visual-spatial data useful in providing contextual information about walkability issues (rarely available 

via other subjective assessment tools) and share their experiences with other users. An AR-relevant 
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inventory of microscale features presented dichotomously (i.e., shown as present or absent) was 

developed in Chapter 3 and its subset integrated into CommunitAR as a library of street features that 

facilitates this in-situ visualization. 

5.3. Research limitations 

The main limitation of this research was the low number of participants due to the community-based 

nature of the work. Qualitative data were collected from the participants to improve the quantitative 

inferences; however, the findings should be seen as exploratory in terms of the strengths of ARPP as a 

digital participatory platform and CommunitAR as a tool for assessing walking-related microscale 

features of the built environment. Community participants were of a lower socioeconomic status and lived 

in a majority Black community in a southern city in the US. Under-resourced communities are diverse, 

and inequities in their built environments and particular needs may differ. Therefore, the findings of this 

research may not be fully applicable to all under-resourced communities, particularly with different 

racial-ethnic backgrounds. Furthermore, to mimic the decision-making process, student participants 

coached by government planners were engaged in a brief design activity to develop street design 

scenarios that would make the neighborhood more walkable. However, in reality, the decision-making 

process regarding neighborhood improvements is more complex and lengthy and engages more 

stakeholders.  

Due to COVID-19, the last phase of data collection (in which community participants voted on the design 

scenarios developed in the design activity and evaluated the participatory aspects of ARPP) was delayed. 

For the same reason, the design activity was held virtually and community participants were not able to 

attend, despite what was originally planned. This limitation may have impacted the outcomes of 

community participants’ evaluations and results of the design activity. In this research, ARPP was 

compared to one type of non-digital participatory planning method (i.e., printed maps), and conclusions 

were drawn based on that comparison. However, it should be noted that comparing ARPP with other 

conventional community engagement methods and digital participatory platforms might result in different 

conclusions regarding the strengths and drawbacks of ARPP. The AR-relevant inventory of microscale 

features and subset used in CommunitAR were not empirically validated as an inventory for use in 

subjective assessment methods, and therefore should be further studied. Lastly, outside factors such as 

adverse weather and sunlight may have limited participants’ full interaction with CommunitAR on their 

smartphones, resulting in differences in the perception of usability and responses on participation 

evaluations. 
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5.4. Research implications   

This section discusses the implications of ARPP (as a digital participatory platform) for research and 

practice. Then, the characteristics and implications of CommunitAR as a subjective assessment tool are 

described. Table 5.1 summarizes these implications.  

5.4.1. Implications of the augmented reality participatory platform for research 

This dissertation utilized a CBPR approach for engaging community participants. Much of the research 

on exploring and evaluating the use of enhanced technologies in the built environment lacks an 

examination of such technologies in real neighborhood settings, let alone the application of a community-

based approach. This study contributes significantly to addressing this gap by demonstrating the use of a 

novel digital participatory platform in an under-resourced community and benefits from CBPR guiding 

the interactions with community participants. Utilizing community-based approaches in similar studies is 

highly encouraged, particularly in smart cities research. Furthermore, ARPP has the potential to be used 

in community-based visual research methodologies such as photovoice, in which participants use their 

cameras to document and communicate issues affecting their communities. The intuitive in-situ 

visualization offered by CommunitAR and participants’ ability to inscribe (and in the future, record) 

comments will be a useful addition to these qualitative methodologies.   

The conceptual framework introduced in Chapter 2 can be used as a foundation for developing digital 

participatory platforms that use other types of immersive technologies. Studying the potential of 

integrating VR and MR in ARPP and exploring the capabilities of an extended reality participatory 

platform (XRPP) encompassing all immersive technologies is promising. In addition to providing 

participatory planning benefits, XRPP can be used for creating controlled design stimuli to study 

participants' behavior in various virtual environments. For instance, researchers could compare the 

impacts of several walkable design scenarios at different times of day or during different seasons through 

the VR component of XRPP. The conceptual framework could also be expanded to integrate ARPP’s 

unique capabilities of outdoor AR gaming. The impact of AR gaming on diversifying users and possibly 

improving public participation is a promising research area to explore.  
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Table 5.1. Research Implications with Regards to ARPP as a Digital Participatory Platform and CommunitAR as a 

Subjective Assessment Tool. 

ARPP as a digital participatory platform CommunitAR as a tool for the subjective 

assessment of walking-related microscale 

features 

Implications in research Implications in research and practice 
Studying the potential of ARPP for visual community-

based participatory research (such as photovoice) to 

complement data gathering. 

Studying the advantages and drawbacks of 

CommunitAR by expanding its use to several streets in 

one or more neighborhoods or an entire city. 

Expanding ARPP’s conceptual framework to develop 

digital participatory platforms using other immersive 

technologies (e.g., VR, MR). Such platforms can be 

used for creating controlled virtual environments to 

study participants’ behavioral responses to different 

design stimuli. 

Expanding the use of CommunitAR to spaces beyond 

streets that impact physical activity, such as parks and 

trails. 

Employing the usability evaluation instruments 

(heuristic checklist and usability questionnaire) in 

future usability studies. 

Studying the impacts of using CommunitAR on 

increasing physical activity levels. 

Using the participation evaluation questionnaires in 

future studies to assess the process and outcomes of 

conventional and digital participatory planning 

methods. 

Studying the reliability and validity of the AR-relevant 

inventory of microscale features to create an AR-based 

walkability index. 

Studying the potential of the questionnaire developed 

for the design activity for use in assessing virtual 

charettes. 

Integrating a subset of the AR-relevant inventory of 

microscale features in similar AR and VR apps for use 

in subjective assessments of microscale features. 

Implications in practice Applying the process used for identifying community- 

and location-specific microscale features in other 

studies of the subjective assessment of microscale 

features. 

Using ARPP as a stand-alone or integrated platform for 

engaging under-resourced (and other) communities in 

design and planning. 

Expanding the use of ARPP to engage communities in 

matters beyond improving walkability (such as 

transportation planning, comprehensive planning, and 

park and recreation projects). 

Integrating data generated by CommunitAR into 

objective measures to complement objective data on 

microscale features. 

Using ARPP by policy-making and community-based 

organizations and design firms to inform and elicit 

feedback from residents and clients about large- and 

small-scale design interventions. 

Adding the ‘remove’ feature to existing subjective and 

objective measures and studying the possibility of 

adding ‘swing bench’ to such measures 

Further improvements in research and 

practice 

Integrating Lidar and deep learning algorithms into 

CommunitAR to expand its object detection and visual 

capabilities. 

Incorporating voice recordings into CommunitAR and 

integrating AI speech-to-text capabilities into ARPP. 

Incorporating database automation and image 

recognition capabilities into ARPP. 

 

Improving ARPP with collaborative AR.  

Expanding ARPP’s capabilities by using AR smart 

glasses. 

 

Coupling ARPP with other immersive technologies 

(i.e., VR and MR) to provide a full-spectrum 

immersive participatory platform. 
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The usability evaluation instruments developed and utilized in this study could also be used in other work 

assessing the usability of outdoor mobile AR apps. The heuristic checklist and its sub-heuristics (see 

Appendix 2.1) would contribute to usability studies with experts, while the usability questionnaire (see 

Table 2.2) would facilitate usability evaluations with novice users, particularly neighborhood residents. 

Moreover, the participation evaluation questionnaires introduced in Chapter 4 (see Appendices 4.3 and 

4.4) could be used to evaluate the participatory aspects of conventional and digital participatory planning 

methods. These questionnaires focused on participatory planning tools, and as shown in the study, can be 

modified with extra statements specific to the particular tool to facilitate comparisons. However, the 

reliability and validity of usability instruments and participation evaluation questionnaires should be 

assessed before further application.   

Chapter 4 showed that the virtual charrette is a valuable digital method for quick and collaborative design 

activities throughout the decision-making process, particularly when in-person interactions are not 

feasible. As these virtual methods of interaction become increasingly available in response to the COVID-

19 pandemic, it is important to rigorously evaluate their advantages and drawbacks as compared to 

conventional in-person methods. This study and the questionnaire developed for assessing the virtual 

charrette (see Appendix 4.2) should be seen as a first effort at such an evaluation. The questionnaire can 

be evaluated and then expanded to create a more robust framework for evaluating virtual charrettes and 

other online interactions used for collaborations on developing design interventions. Moreover, the real-

time online mapping service used in this study in the form of customized Google Maps provided detailed 

contextual and geolocated information about street-level community needs. It is suggested that ARPP be 

expanded through open-source mapping services such as Mapbox (https://www.mapbox.com/), Leaflet 

(https://leafletjs.com/), and OpenStreetMap https://www.openstreetmap.org/) to generate customized 

maps accessible to the public. 

5.4.2. Implications of the augmented reality participatory platform in practice 

ARPP provides decision-makers with a mobile-based tool that enables residents to gather walking-related 

spatial data and participate in enhancing neighborhood designs to improve walkability. ARPP will 

particularly benefit under-resourced communities by allowing them to effectively engage in community 

matters related to walkability. These communities often live in neighborhoods with insufficient access to 

the street features required to enhance walkability. However, the potential of ARPP goes beyond 

engaging these communities. ARPP can also be used in other types of neighborhoods that require 

walkability improvements. It can be used as a stand-alone platform by governmental entities seeking to 

acquire feedback from residents or integrated into existing participatory platforms such as Bang the Table 
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(https://www.bangthetable.com/) and PublicInput (https://publicinput.com/), as well as planning and 

design support tools used in participatory planning efforts, such as CommunityViz 

(https://communityviz.city-explained.com/). Most current digital participatory platforms are employed 

indoors and do not provide intuitive visualization. Integrating ARPP into these platforms to benefit from 

its in-situ visualization capabilities will enhance these platforms' efficacy and help residents better 

understand and reflect on neighborhood walkability issues.  

The focus of ARPP is on design interventions to improve neighborhood walkability. However, as a 

mobile-based participation method, ARPP also has the capacity to engage the public in matters beyond 

walkability and physical activity. ARPP can be used for transportation planning projects to visualize and 

gather public feedback on transportation feasibility studies, complete streets, active transportation, and 

Vision Zero projects, as well as improvements to transportation system performance. ARPP can also be 

utilized in the community engagement phase of comprehensive planning projects to visualize future 

developments in situ, collect community feedback on matters such as land use, housing, and 

public/private determinations, and build consensus on community-driven future growth. ARPP can also 

improve the participation of stakeholders in park and recreation master planning projects developed to 

ensure that equitable access to community parks and recreation resources are considered in future growth 

strategies. In these use cases, decision-makers in local government can retrieve context-aware and 

geolocated visual data generated by residents via CommunitAR from the ARPP's database and make 

better-informed decisions. Of course, such decision-making is not limited to local governments, and 

various public and private organizations could also utilize ARPP in their participatory planning efforts. 

Metropolitan planning organizations (MPOs) and other regional-, state-, and county-level policy-making 

organizations could use ARPP to engage the public in transportation planning, master planning, and city-

wide developments. ARPP's mapping service (i.e., Google Maps) is particularly beneficial for these 

agencies for visualizing geolocated community needs and preferences generated through CommunitAR. 

Community-based organizations could also use ARPP to inform the community and elicit feedback on 

neighborhood-scale built environment improvements, as well as other community matters. Design firms 

focusing on urban design and planning would also benefit from using ARPP to involve a wide range of 

stakeholders (including residents) in development and transportation projects such as public plazas, public 

art, and streetscape improvements. Architecture and landscape architecture firms could also use ARPP to 

acquire feedback from neighborhood residents about smaller-scale architectural constructions and housing 

and park projects. Moreover, ARPP could be used by such firms to communicate new projects and 

redevelopments to clients in their proposed real-world locations. 
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5.4.3. Future improvements of the augmented reality participatory platform in research and 

practice 

AR and mobile AR technologies are improving, and several future avenues for advancing ARPP and 

expanding its capabilities are described below. Incorporating voice recording into CommunitAR would 

allow community members to record their comments as they walk along the street. Artificial intelligence 

(AI)-powered speech-to-text software could be integrated into ARPP to store comments in the database 

and convert them to text for further qualitative analysis. Moreover, a few actions in ARPP (e.g., 

uploading 3D models of street features and design scenarios in CommunitAR, and retrieving images and 

comments from ARPP's associated social network pages) are performed manually. In future versions of 

ARPP, these actions can be conducted automatically by incorporating database automation and AI image 

recognition algorithms into ARPP. This will be particularly helpful in accelerating performance when 

ARPP is being used by a high number of residents. 

ARPP can benefit from collaborative AR environments in which users (i.e., residents) can not only 

engage at the same time through their mobile devices but also interact with one another in a shared virtual 

space. Each user could leave feedback, votes, and comments on street features and design scenarios in 

this virtual space, allowing other users to see the information and respond in real time. All feedback 

would remain in the virtual space for subsequent interactions by other residents and decision-makers. This 

would expand the social networking services already integrated into ARPP and create an environment for 

storing and tracking AR content in 3D formats, available to support continuous interactions among all 

users. In this collaborative AR environment, users could also create and modify street features in real time 

instead of selecting them from a pre-loaded library in CommunitAR. Users could create new street 

features, combine multiple features, and change their type and color before placing them in the street 

environment. Decision-makers and other stakeholders could also simultaneously collaborate to make 

necessary changes to different parts of design scenarios in real time without requiring charrettes or similar 

design activities.  

ARPP is a mobile AR-based platform that would also benefit from other types of AR devices, particularly 

AR smart glasses. Using AR smart glasses would significantly enhance user interactions as it would 

eliminate a medium (i.e., the smartphone) and most hand gestures needed to place, move, or scale street 

features and design scenarios. AR smart glasses are expensive, but if and when they become affordable 

and available to the public, they will make ARPP more interactive and intuitive. ARPP could also be 

coupled with other extended reality technologies such as VR and MR to provide a spectrum of immersive 

technologies for community engagement. Each would complement ARPP by providing unique 
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capabilities. VR would add immersion and realism by providing high-quality 3D models, panoramic 

views, and animations of design interventions experienced through head-mounted displays (HMDs). MR 

headsets would also create a user experience similar to AR smart glasses and add interactivity to the AR 

experience. Furthermore, VR and MR are mostly used indoors and would provide participation 

opportunities for those who may feel uncomfortable walking outside and instead would prefer indoor 

activities conducted during in-person workshops and community meetings.  

5.4.4. Current and future potential implications of using CommunitAR as a subjective 

assessment tool in research and practice 

CommunitAR focuses on street environments because streets are the main places people engage in 

walking. Consequently, the impacts of walkability have primarily been evaluated on the street level. The 

use of CommunitAR to assess microscale features could be expanded to several streets in a neighborhood, 

in multiple neighborhoods, or throughout an entire city. CommunitAR could also be utilized for spaces 

beyond streets that impact walking and other types of physical activity such as parks and trails. For such 

applications, the AR-relevant inventory developed for this research should be modified accordingly to 

include features related to these spaces. Moreover, unlike many subjective assessment methods in which 

participants complete questionnaires or are interviewed indoors, CommunitAR requires users to walk 

outdoors along the street of interest to perform their assessments. Such walking while assessing may itself 

increase physical activity, and therefore the potential health benefits of CommunitAR for improving 

physical activity (beyond facilitating walkability assessments) should be studied.  

The AR-relevant inventory of microscale features (i.e., the 26 microscale features initially developed and 

the 'remove' and 'swing bench' features suggested by community participants) and its dichotomous nature 

add to the current knowledge of measuring the built environment’s impact on walking. As occurred in this 

study, subsets of the inventory can be integrated as a library of street features into CommunitAR, other 

similar mobile AR apps, and desktop or mobile VR applications. However, before being used as an 

instrument for walkability assessment, the reliability and validity of the inventory should be assessed. The 

current inventory could be expanded to develop a comprehensive AR-based inventory of microscale 

features that supports walking, eventually creating a perception-based walkability index focusing on 

microscale features. Such an index would remedy a lack of walkability indices capable of capturing 

pedestrians' experiences of microscale features. The index also has the potential to be integrated into 

objective indices developed to measure microscale features, such as the State of Place index 

(https://www.stateofplace.co/), establishing a technology-based composite index for assessing walkability 

on the street level. 
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The process used in this study to identify community- and location-specific microscale features can be 

replicated in other neighborhoods to identify features specific to the community and streets of interest. In 

this process, a range of geolocated visual data is generated by users via CommunitAR, creating a unique 

set of context-aware and placed-based subjective information that would be difficult to collect via other 

subjective assessment tools. If CommunitAR is used by a large population, such data would complement 

the rich objective data on microscale features currently available from imagery services such as Google 

Street View. Using deep learning algorithms to analyze compound objective and subjective data would be 

useful for better understanding the impacts of microscale features on walking behavior. Moreover, in this 

research, using this process resulted in the identification of two new community-specific microscale 

features (‘remove’ and ‘swing bench’). The remove feature, a single feature to indicate removing various 

walking-related issues, will be a useful supplement to existing subjective and objective measures. 

However, the possibility of adding the swing bench feature to such a measure should be further studied, as 

it may not be applicable to other communities. 

CommunitAR allows users to assess what street features are needed to improve walkability by placing 

virtual street features one at a time. While this was an intentional limitation to make user interactions 

intuitive, CommunitAR can be used to place several features simultaneously in each location to indicate 

various microscale features required to improve walkability. With the integration of improved computer 

vision and 3D scanning methods in mobile AR such as light detection and ranging (Lidar), 

CommunitAR's future object detection abilities could be enhanced. This would reduce the need for 

capturing images of microscale features, as scanned 3D models could be substituted, at least in certain 

cases. This would also eliminate the need for the current remove functionality in CommunitAR, in which 

a cross mark is overlaid on microscale features perceived to discourage walking, and instead the remove 

feature could virtually eliminate the undesired microscale features from the scene.  
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Appendix 2.1. CommunitAR’s heuristic checklist 

 

Title of Study: Utilizing and Evaluating the Augmented Reality Participatory Mobile App (CommunitAR) in North 

End Neighborhoods    
 

Your ID is: ____________________                                               Date: _________________________ 

Below are a set of questions related to your interaction with CommunitAR, grouped in 12 

heuristics. 

Please answer each question by circling ‘Yes’ or ‘No’. For questions you answered ‘No’, please 

indicate the problem you have encountered (if any), circle its severity, and provide possible 

guidelines to solve that problem.  

The severity rates include: 

1 (one) meaning fixed if extra time available 

2 (two) meaning minor problems 

3 (three) meaning major problem  

4 (four) meaning problem must be fixed or another solution should be adopted 

Please also indicate other problems you experienced that have not been covered in heuristics. 
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Heuristic 1: Visibility of system status 

1 

Question Do you know what is going on during all of the interactions? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

2 

Question Is the loading time of virtual objects in the scene satisfactory? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

3 

Question Is there some form of system feedback for every operator action?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

4 

Question Do all the items on a list are sorted in an order that matches the needs of 

the task? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

5 

Question Are response times appropriate for the users cognitive processing?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

6 

Question Are response times appropriate for the task?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

7 

Question 
If there are observable delays (greater than fifteen seconds) in the 

system’s response time, is the user kept informed of the system 

progress?  

Yes No 

Problem 

 

 

 

1 2 3 4 
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Heuristic 1: Visibility of system status (continued) 

8 

Question Are long splash screens avoided?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

9 

Question Is there visual feedback in menus or dialog boxes about which choices 

are selectable? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

10 

Question Is the current status of an icon clearly indicated?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

11 

Question Is there visual feedback when objects are selected or moved?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

12 

Question When hand gesture is possible, is a visible clue offered to users? Is 

swiping used with a unique meaning in the same screen? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 2: Match between system and the real world 

13 

Question Are the virtual objects merged correctly, i.e., position, scale, texture, 

with the real world? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

14 

Question Is the virtual object coherent with the real world? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

15 

Question Are icons concrete and familiar?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

16 

Question Is too much navigation avoided?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

17 

Question Do related and interdependent fields appear on the same screen?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

18 

Question Is the language clear and concise? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 3: User control and freedom 

19 

Question Can users move forward and backward between fields or dialog box 

options?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

20 

Question Are exits clearly marked?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

21 

Question Is there any way to inform user about where they are and how to undo 

their navigation?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

22 

Question When a user's task is complete, does the system wait for a signal from 

the user before processing?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

23 

Question Can users easily reverse their actions? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

24 

Question Can users cancel out of operations in progress?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 4: Consistency and standards 

25 

Question 
Are actions/feedback standardized? (e.g., boarders are added to the 

ground being detected) 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

26 

Question Are there no more than twelve to twenty icon types?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

27 

Question Is there a consistent icon design scheme and stylistic treatment across the 

system? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 5: Error prevention 

28 

Question Is error prevention (e.g. an error message presented to the user) enabled? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

29 

Question Are data inputs case-blind whenever possible?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

30 

Question Do data entry screens and dialog boxes indicate the number of character 

spaces available in a field?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

31 

Question Is accidental activation avoided or foreseen? (e.g., a back button is 

offered)?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

32 

Question Do fields in data entry screens and dialog boxes contain default values 

when appropriate?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

33 

Question Are touchable areas sufficiently big?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 6: Recognition rather than recall 

34 

Question Is it easy to remember the application’s functionalities (e.g., selecting 

features)? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

35 

Question Are high levels of concentration not required? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

36 

Question Are all data a user needs on display at each step in a transaction 

sequence?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

37 

Question After the user completes an action (or group of actions), does the 

feedback indicate that the next group of actions can be started?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 7: Flexibility and efficiency of use 

38 

Question Is the learning curve for novice users gradual? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

39 

Question Can expert users utilize the application in an optimized manner? (e.g. 

can they skip introductory steps?) 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

40 

Question Is it easy to place the phone in an appropriate position and orientation to 

detect the horizontal surface? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 8: Aesthetic and minimalist design 

41 

Question Is only (and all) information essential to decision making displayed on 

the screen?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

42 

Question Is layout clearly designed avoiding visual noise?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

43 

Question Are application icons recognizable enough to be found in the crowded 

list of applications? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

44 

Question Has excessive detail in icon design been avoided?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

45 

Question Is each individual icon a harmonious member of a family of icons?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

46 

Question Does each icon stand out from its background?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

47 

Question Are all icons in a set visually and conceptually distinct?  Yes No 

Problem 
 

 
1 2 3 4 

Solution  
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Heuristic 9: Help user recognize, diagnose, and recover from errors 

48 

Question 
Is the user instructed about what to do during the interaction? (e.g., is 

there a description?) 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 10: Help and documentation 

49 

Question Is the help function visible; for example, a key labeled HELP or a 

special menu?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

50 

Question Navigation: Is information easy to find?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

51 

Question Presentation: Is the visual layout well designed?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

52 

Question Conversation: Is the information accurate, complete, and 

understandable?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

53 

Question Is the information relevant?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

54 

Question Is there context-sensitive help?   Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 10: Help and documentation (continued) 

55 

Question Can users easily switch between help and their work?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

56 

Question Is it easy to access and return from the help system?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

57 

Question Can users resume work where they left off after accessing help?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 11: Satisfaction 

58 

Question Does the application achieve the goal? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

59 

Question Are you satisfied with the interaction solution? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

60 

Question Are you satisfied with the freedom to move around during interactions? 

(e.g., you don’t need to look directly at the phone constantly) 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

61 

Question 
Are specific requirements, i.e., mobile device, operating system, user 

position, lighting, and calibration, satisfactory? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 12: Accuracy 

62 

Question Is the tracker system stable? Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

63 

Question If the tracker system does not detect the surface, does the application 

continue to work? 
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Heuristic 13: Privacy 

64 

Question Are protected areas completely inaccessible?  Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

65 

Question Are protected or confidential areas only accessible with certain 

passwords?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
 

 

66 

Question Is there information about how personal data is protected and about 

contents copyright?  
Yes No 

Problem 
 

 
1 2 3 4 

Solution 
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Please indicate any other problems you experienced and potential guidelines to solve them: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Thank you very much for completing the questionnaire! 
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Appendix 2.2. Task scenarios for HCI experts 

 
Title of Study: Utilizing and Evaluating the Augmented Reality Participatory Mobile App (CommunitAR) in 

North End Neighborhoods   
 

Your username is _______@communitar.com  Date: ___________________ 

Please read each scenario and perform them in order: 

Scenario   1  

1. Run CommunitAR and choose COM mode 

2. Select one built environment feature of your interest from the library of features and place it in 

the street, where you think that feature would improve physical activity 

3. Make sure the feature is in the right size and orientation, and has been placed in the exact location 

you requested 

4. Take at least one, or multiple images from the scene 

5. Look up the gallery and send the images you captured along with your comments about the 

feature itself or anything you think is worth sharing as a citizen to the study’s Facebook or 

Instagram page  

6. Exit CommunitAR 

Scenario   2 

1. Run CommunitAR and choose COM mode 

2. Select a bike lane from the library of features and place it in the street, where you think the bike 

lane would improve physical activity 

3. Make sure the bike lane is in the right size and orientation, and has been placed in the exact 

location you requested 

4. Take at least one, or multiple images from the scene 

5. Look up the gallery and send the images you captured along with your comments about the 

feature itself or anything you think is worth sharing as a citizen to the provided number. 

6. Go back to the COM/VIZ selection page 

7. Exit CommunitAR 

Scenario   3   

1. Run CommunitAR and choose VIZ mode 

2. Sign up with your provided username and password 

3. Sign in and experience both design scenarios by overlaying them on the street environment 

4. Vote on one of the scenarios based on your preference by using face icons, and add a comment 

indicating the reason you select that particular scenario  

5. Go back to the COM/VIZ selection page 

6. Exit CommunitAR 
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Appendix 2.3. Task scenarios for community members 
 
Title of Study: Utilizing and Evaluating the Augmented Reality Participatory Mobile App (CommunitAR) in 

North End Neighborhoods   
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Please read each scenario and perform them in order: 

Scenario   1  

1. Run CommunitAR and choose COM mode 

2. Select one street feature of your interest and place it in the street, where you think that 

feature would encourage walking 

3. Make sure the feature is in the right size and orientation, and has been placed in the exact 

location you requested 

4. Take at least one, or multiple images from the scene 

5. Look up the gallery and send the images you captured along with your comments about the 

feature itself or anything you think is worth sharing to the study’s Facebook or Instagram 

page  

6. Exit CommunitAR 

Scenario   2 

1. Run CommunitAR and choose COM mode 

2. Select Remove and place it on a feature that you think would discourage walking 

3. Make sure the cross mark is in the right size and orientation 

4. Take one image from the scene 

5. Look up the gallery and send the image you captured along with your reason behind the 

selection to the provided phone number. 

6. Exit CommunitAR  

 

Your ID is ______ 
 

Commy Ar 

North End 

arcommy 

(704) 779 8351 
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Appendix 4.1. Recruitment flyer for the community 
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Please indicate why you think so: 

Please specify the technical difficulties, if any: 

Appendix 4.2. Virtual charrette questionnaire 

Title of Study: Utilizing and Evaluating the Augmented Reality Participatory Mobile App (CommunitAR) in 

North End Neighborhoods   
 

Your team?  

Team 1 

Team 2 

Team 3 

Team 4 

Have you had any previous virtual charrette experience before? 

Yes 

No 

Below are a set of statements related to your experience in the virtual charrette. Please rate the 

statements below from 1 (strongly disagree) to 5 (strongly agree) using the scale indicated below. In 

addition, please provide complementary comments for each statement and elaborate on your 

answers.  

There is NO right or wrong answers to these statements. 

Strongly Disagree Disagree 
Neither Agree nor 

Disagree 
Agree Strongly Agree 

1 2 3 4 5 

 

1. The data and information presented today to propose designs that would make Woodward Avenue 

more walkable were adequate.  

1. 1                        2                     3                       4                       5 

 

 

 

 

2. I didn’t have any technical difficulties today.    

1. 1                        2                     3                       4                       5 
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Please indicate why you think so: 

 

Please indicate why you think so: 

 

 

 

 

 

 

 

3. I am more likely to participate in virtual charrettes than traditional charrettes in the future.   

1. 1                        2                     3                       4                       5 

 

 

 

 

 

4. The duration of today’s charrette was satisfactory.  

1. 1                        2                     3                       4                       5 

 

 

 

 

 

 

5. If you were to change one aspect of today’s charrette, what would that be? 

 

 

 

 

 

 

 

Please indicate any other comments, concerns, or ideas you may want to share with us: 

 

 

 

 

 

 

 

 

 

 

 

 

 
Thank you very much for completing the questionnaire! 
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Appendix 4.3. Participation evaluation questionnaire for the AR community group 
 
Title of Study: Utilizing and Evaluating the Augmented Reality Participatory Mobile App (CommunitAR) in 

North End Neighborhoods   
 

Your ID is: ____________________                                               Date: _______________________ 

SECTION 1: Below are a set of statements related to your overall experiences in all three meetings. 

Please rate the statements from 0 (strongly disagree) to 10 (strongly agree) using the scale indicated 

below. 

 

1. In all meetings, I knew what was going on and easily followed the process. 

 

2. Overall, the information that was passed on by the researcher was clear and understandable to me. 

 

3. In general, all participants (including me) were given equal voice to express their views and opinions in 

discussions. 

 

4. I was able to exchange ideas and thoughts with other participants in all meetings. 

 

5. During these three meetings, my understanding of what other participants are interested in has 

improved. 

 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 
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SECTION 2: Below are a set of statements and questions related to your AR activities during second 

and third meetings. In the second meeting, you were asked to select up to five features that encourage or 

discourage you to walk and place them in Woodward Ave through CommunitAR. In the third (current) 

meeting, you virtually placed entire design alternatives and voted on your preferred design through 

CommunitAR.   

Please rate the statements from 0 (strongly disagree) to 10 (strongly agree) using the scale indicated 

below and provide comments as required. 

 

6. For me, it was clear how discussions on issues and challenges in the walkability of the Woodward Ave 

would contribute to the final design scenario. 

 

7. During AR activities in second and third meetings, I gained a better understanding of issues and 

challenges in the walkability of Woodward Ave.  

 

8. Overall, what did you like about AR activities in second and third meetings? Please be as descriptive 

as possible. 

 

  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 
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9. Overall, what did you dislike about AR activities in second and third meetings? Please be as 

descriptive as possible. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

10. What did you like most about the CommunitAR app? Please be as descriptive as possible. 

 

 

 

 

 

 

 

 

 
 

 

 

11. What did you like least about CommunitAR app? 
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In one or two sentences, please explain your rating 

In one or two sentences, please explain your rating 

SECTION 3: Please answer the following questions about the AR activity in the second 

meeting (placing street features in Woodward Ave with CommunitAR) and provide comments 

as required. 

 

12. Overall, how would you rate your AR activities in the second meeting? 

 

 

 

 

 

 

 

 

 

 

SECTION 4: Please answer the following questions about the AR activity in the third meeting 

(placing design alternatives and voting on the preferred design with CommunitAR) and provide 

comments as required.  

 

13. Overall, how would you rate your Augmented Reality activities in the third meeting? 

 

 

 

 

 

 

 

 

Very 

dissatisfied 

0 

 

1 
2 3 4 5 6 7 8 9 

Very 

satisfied 
10 

Very 

dissatisfied 

0 

 

1 
2 3 4 5 6 7 8 9 

Very 

satisfied 
10 
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If Yes, in what way? 

If No, what were the possible reasons? 

If partly, which parts were taken into account and which not? 

14. Do you think that your interests were taken into consideration in the design alternative selected as the 

preferred scenario? 

Yes 

 

           

 

 

 

Partly 

 

           

 

 

 

No  

 

 

 

 

 

 

If there are any aspects related to the entire process or AR activates that were missing in this 

questionnaire but you believe are important, please share with us here: 
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if you have any comments to improve AR activities, please share with us here: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SECTION 5: In the following questions, please check one box for each question.  

15. Your gender: 

Male   

Female      

Other   

 

16. Your race/ethnicity: 

Black    

White      

Hispanic  

Bi-racial  

Other 

 

17. Your age: 

18-29   

30-49     

50-64  

More than 65  

 

Continued on next page 
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18. Your education: 

High school grad or less  

Some college     

Bachelor’s degree or more  

 

19. Your household income: 

Under $29,999   

$30,000 to $49,999    

$50,000 to $74,999  

$75,000 and over  

N/A 

 

Thank you very much for completing the questionnaire! 
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Appendix 4.4. Participation evaluation questionnaire for the map community group 

SECTION 1: Below are a set of statements related to your overall experiences in all three meetings. 

Please rate the statements from 0 (strongly disagree) to 10 (strongly agree) using the scale indicated 

below. 

 

1. In all meetings, I knew what was going on and easily followed the process. 

 

2. Overall, the information that was passed on by the researcher was clear and understandable to me. 

 

3. In general, all participants (including me) were given equal voice to express their views and opinions in 

discussions. 

 

4. I was able to exchange ideas and thoughts with other participants in all meetings. 

 

5. During these three meetings, my understanding of what other participants are interested in has 

improved. 

 

 

 

 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 
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SECTION 2: Below are a set of statements and questions related to your Map-based activities during 

second and third meetings. In the second meeting, you were asked to select up to five features that 

encourage or discourage you to walk in Woodward Ave by placing icons of street features on printed 

maps. In the third (current) meeting, you voted on your preferred walkable design scenario and shared the 

reasons behind your choice with other participants.   

Please rate the statements from 0 (strongly disagree) to 10 (strongly agree) using the scale indicated 

below and provide comments as required. 

 

6. For me, it was clear how discussions on issues and challenges in the walkability of the Woodward Ave 

would contribute to the final design scenario. 

 

7. During map-based activities in second and third meetings, I gained a better understanding of issues and 

challenges in the walkability of Woodward Ave.  

 

8. Overall, what did you like about map-based activities in second and third meetings? Please be as 

descriptive as possible. 

 

  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 

Strongly 

Disagree 

0 

1 2 3 4 5 6 7 8 9 
Strongly 

Agree 
10 
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In one or two sentences, please explain your rating 

 
 
 

9. Overall, what did you dislike about map-based activities in second and third meetings? Please be as 

descriptive as possible  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

SECTION 3: Please answer the following questions about the map-based activity in the 

second meeting (placing street features on the map of Woodward Ave) and provide comments 

as required. 

 

10. Overall, how would you rate your map-based activities in the second meeting? 

 

 

 

 

 

 

 

 

 

 

Very 

dissatisfied 

0 

 

1 
2 3 4 5 6 7 8 9 

Very 

satisfied 
10 
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If Yes, in what way? 

If No, what were the possible reasons? 

If partly, which parts were taken into account and which not? 

In one or two sentences, please explain your rating 

SECTION 4: Please answer the following questions about the map-based activity in the third 

meeting (voting on the walkable design scenario) and provide comments as required.  

11. Overall, how would you rate your map-based activities in the third meeting? 

 

 

 

 

 

 

 

 

12. Do you think that your interests were taken into consideration in the design alternative selected as the 

preferred scenario? 

Yes 

 

           

 

 

Partly 

 

           

 

 

No  

 

 

 

 

 

Very 

dissatisfied 

0 

 

1 
2 3 4 5 6 7 8 9 

Very 

satisfied 
10 
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If there are any aspects related to the entire process or AR activates that were missing in this 

questionnaire but you believe are important, please share with us here: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

if you have any comments to improve map-based activities, please share with us here: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SECTION 5: In the following questions, please check one box for each question.  

13. Your gender: 

Male   

Female      

Other   

 

Continued on next page 
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14. Your race/ethnicity: 

Black    

White      

Hispanic  

Bi-racial  

Other 

 

15. Your age: 

18-29   

30-49     

50-64  

More than 65  

 
16. Your education: 

High school grad or less  

Some college     

Bachelor’s degree or more  

 

17. Your household income: 

Under $29,999   

$30,000 to $49,999    

$50,000 to $74,999  

$75,000 and over  

N/A 

 

Thank you very much for completing the questionnaire! 

 

 

 

 


