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Participatory design approaches to city-shaping and building resilience 

Abstract: Cities are complex ecosystems and in continuous states of flux. Emerging 

technologies and data processing tools are transforming the cities that we live in, and the way 

we live in them. Built and social infrastructure are increasingly becoming connected through 

Internet of Things technology and data can be accessed in near real-time. This hyper-

connectivity means that we now live in a world where we don’t just seek information, we are 

information. How comfortable, or uncomfortable are we with the application of information 

technology? When considering the appropriate application of technology and data use to solve 

home-grown issues, participatory design approaches to community engagement are essential 

to the design and delivery of innovative urban solutions. Participatory design methodologies 

favour a human-centred approach that captures the actual needs of people and eliminates 

assumptions. 

Smart Resilient Cities is an Aotearoa New Zealand project about shaping future development 

and disaster resilience by understanding the confluence of technological trends and the 

evolving relationship between people, systems and data. In May 2019, Toi Āria: Design for 

Public Good and the Joint Centre for Disaster Research collaborated to host a TechWeekNZ 

workshop in Wellington City. A progressive earthquake scenario and game-based exercise was 

crafted to explore various applications of technology and data use. Our ongoing work will 

contribute to the social design aspects of Smart Resilient Cities and has relevance across socio-

technical solutions in urban environments. 

Keywords: Participatory design, Resilience, Urban design, Emerging Technology, Disaster 

Risk Reduction 

 

Introduction 

 

Cities are complex ecosystems and in continuous states of flux. Emerging technologies and 

data processing tools, such as self-configurable Sensor Networks, other Internet of Things 

technologies, Next Generation Mobile and Broadcasting platforms, Machine Learning (and 

deep learning), cyber-physical systems and Artificial Intelligence, are transforming the cities 

that we live in, and the way we live in them (Concilio, G., & Rizzo, F., 2016; Lea, R., 2017; 

LODGD, 2019).  

 

The Smart Cities model implements user-friendly information and communication 

technology (ICT) to harness open and shared data so as to understand local vulnerabilities, 

anticipate future trends and inform development decisions (Concilio, G., & Rizzo, F., 2016; 

Lea, R. 2017). How we move, how we consume and how we interact can be captured in near-

real time for developing the systems and services we use. This hyper-connectivity means that 

urban residents now live in a world where they don’t just seek information, they are information 

(Bunker, D. & Sleigh, A. 2018). An essential element of socio-technical systems is knowledge 

about people’s comfort, or lack of comfort, with the contribution of open and shared data and 

application of technology. When considering the design and delivery of socio-technical 

solutions to home-grown issues, participatory approaches to community engagement should be 

prioritised to capture the actual needs and beliefs of people and eliminate assumptions 

(Manzini, E., & Rizzo, F. 2011; Concilio, G., & Rizzo, F., 2016; Brown, J.N.A., 2016; 

Steketee, A. et al. 2017; Baz, C., Krohn, M., Sachs, A., 2018; Lambie et al. 2019).  

Smart Resilient Cities, a jointly funded project in Aotearoa New Zealand, seeks to shape 

future urban development by understanding the confluence of technological trends and the 
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evolving relationship between people, systems and data (Lambie et al. 2019). A core focus is 

to understand how technology can be used for resilient solutions to hazards, and, at the same 

time, to consider the human aspects of developing technology. Research is currently exploring 

the use of sustainable and low cost: 

1) state-of-the-art sensors capable of maintaining the sensing ability of a city/region 

before, during and after a disaster;   

2) wired and wireless communication platforms linking smart sensors before, during 

and after a disaster; and 

3) end-user accepted and trusted technology applications covering the accurate and 

comprehensive needs of a community for gauging human and infrastructure impacts. 

 

In May 2019, Toi Āria: Design for Public Good and the Joint Centre for Disaster 

Research collaborated to host a TechWeekNZ workshop in Wellington City, a city located in 

a high-risk seismic area which experiences frequent earthquakes (Kaiser et al 2017). The 

purpose of the workshop was to use participatory design approaches to open conversations with 

Wellington residents around the use of personally identifiable information in an earthquake 

context. 

 

Conversations with a cross-section of communities were undertaken using a game-

based exercise in which people could respond to hypothetical environments and share their 

personal views on trust and benefit. The conversation progressed in round-table discussions 

using a progressive scenario crafted to explore the currency of trust about collection, access, 

use and ownership of personal identifiable information, such as population mobility, 

evacuation behaviour and building occupancy.  

More broadly, our collaboration had a wider goal of strengthening the interface between 

design and resilience. Design-led conceptual thinking and participatory approaches to 

development and delivery of solutions are not often at the forefront of disaster risk reduction 

discussions and research agendas. However, the principles of human centred design-thinking 

and participatory approaches can help to understand both social and technical systems 

(Stimmel, C. L. 2016; Mulder, I., & Loorbach, D. 2018). Our ongoing work seeks to strengthen 

the link between human-centred design thinking, and disaster risk reduction solutions. 

Methodology and Approach 

 

Participatory design methodologies favour a human-centred. Within participatory design sits 

an established set of practices, tools and techniques to explore and understand the ‘lived 

experience’ of everyday people (Schuler, D., Namioka. A. 1993). These methods have been 

successfully applied to address technological design challenges in the public sector. Notably, 

research commissioned by the Data Futures Partnership formed the basis of national guidelines 

for New Zealand organisations to obtain social license for data use (Data Futures Partnership 

2017). 

 

Participatory design is characterised by generative, experiential and action-based methods 

that place emphasis on embodied learning and explorations into future scenarios (Brown et al 

2019). To study the perspectives of urban residents, we adopted a methodology in which: 

 meaningful conversations are facilitated with affected communities using scenarios that 

model a real life situation while exploring data use variables of interest to the study; 
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 participants are invited to deliberately demonstrate their levels of comfort with 

scenarios using a common-sense trust/benefit matrix; 

 participants are invited to identify what would increase their comfort in the data use 

and sharing scenarios explored; and 

 participants identify and prioritise the themes and concerns that they consider most 

important to increasing comfort. 

 

The study was assessed as low risk by Massey University Human Ethics Committee. 

Participants were asked to sign an informed consent form at the beginning of the workshop 

session. The consent form included information about why this research was relevant and how 

their perspectives would be used, as well as an explanation that all scenarios were hypothetical. 

In devising the workshop we considered how the scenarios might trigger memories of disaster 

experiences of the participants, in order to ensure that the risk of unintended harm to study 

participants was minimised. For example, not over-emphasising the damage caused by the 

earthquake and including a specific context around the technical problems in the scenario. 

 

Scenario Development 

 

A progressive scenario was iteratively developed to create a rolling dialogue with workshop 

participants. During the development phase, a prototype scenario was tested in a small one hour 

workshop with researchers from Massey University. The pilot workshop resolved the story 

logic of the scenario and refined each scenario into the final form (see images 5–7). Central to 

the scenario design was introducing sufficient prompts at each stage to explore different 

conditions of data sharing and use — and to explore acceptance of data use and sharing across 

three time periods: before an earthquake (scenarios 1 & 2), during an earthquake (scenarios 3 

& 4) and after an earthquake (scenarios 5 & 6). Additionally, we explored the teachable 

moments of each scenario to include the realities earthquake experiences in urban 

environments, particularly from response to recovery phases (for example, the realities of a 

business being co-located in a different area of town during recovery (scenario 5)).  

 

TechWeek NZ workshop  

 

The workshop was advertised through the official TechweekNZ platform and shared on the 

Joint Centre for Disaster Research social media accounts. 30 places were open to the public for 

registration. 25 participants with varying levels of involvement in science and technology 

agreed to participate in a two and a half hour evening workshop. Participants received a 25 

minute scene-setting introduction from three workshop facilitators who explained how 

participants’ responses would be used to inform social licence considerations of the Smart 

Resilient Cities project. The first scenario was worked through collectively so the participants 

understood how to use the grid (images 1 & 2). The rest of the scenarios were completed as 

roundtable discussions in smaller groups of 8 – 9 (image 3).  
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Images 1 and 2: Smart Resilient Cities TechWeekNZ event, May 2019. Group introduction and exercise 

 

 
 
 

Image 3. Smart Resilient Cities TechWeekNZ event, May 2019. Round-table discussions. 

 

 
 

 

Each group (table) in the workshop had a facilitator to guide the conversation. The size 

of the groups for the round-table discussions worked well for building rapport, and ensuring 

everyone had their voices heard and different views were explored. Participant views 

encompassed an industry focus, council focus, citizen views, whānau views, business and 
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organisational views, academic views and residential views. Further workshops of this size are 

planned to collect more data and unpack key factors of comfort/discomfort. 

    

Key results and Insights 

 

Participant responses to each scenario were collated and are presented as ‘heat maps’ (image 

4). These heat maps are a visual summary of the overall participant comfort based on the two 

axes (trust and benefit). Darker colours indicate more participants in the given cell.  

  
Image 4. Heat maps of participant responses to each scenario. 

 

 
  

Study limitations 

 

It is important to highlight several limitations of the study before interpreting the results. First, 

as the recruitment strategy was one of interest sampling (those interested in TechweekNZ 

events), our study sample is not representative of the full population of individuals in Aotearoa 

New Zealand and their views on human data in emergency situations. Second, there were some 

participants at each table with particular knowledge of emergency responses and interest in the 

use of such data. This group is likely to be much more informed about the relevant issues. 

Third, the number of participants (25) is not a large enough sample to provide statistically 

viable findings.  

 

Findings for pre-earthquake context (scenarios 1 & 2) 

 

Scenarios 1 and 2 (image 5) explored perceptions of data ownership in private (business 

settings) and in public spaces to see how a change in setting altered people’s perception of 

comfort. We purposefully did not specify the granularity of the camera capabilities, such as 

facial recognition or body counts.  
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Image 5: Pre-earthquake scenarios. The two scenarios explored reactions to different data ownership. 

 

 
 

 

Most participants could see, from an emergency response perspective, some benefits of 

information gathered in a private setting, and gave examples of specific emergencies 

experiences in the Aotearoa New Zealand context: 
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“Remember this is a multi-storied building. Without this data people died in Christchurch. It's 

critical for emergency response services to know how many people are in buildings and 

where. Every corporate building has cameras anyway, but this is capable of analysing the 

behaviours of people to give us a better understanding of what happens.” 

 

However, for most people, their levels of trust were lower than their levels of benefit. 

People wanted more information to be communicated to them about specific aspects of data 

collection, use and ownership. The most common concerns were about technology overkill; 

continuous data collection; the nature of data collected; and business ownership of data. 

Participants questioned how technology was ‘fit for purpose’ and what capability was required 

for the purpose specified, when other technologies which seemed less invasive might be used 

instead. 

 
“Other tech can be used for entrance and exit counts. There's a huge difference between 

sensors and 3D imaging cameras. The scale is too wide, there's more data than is needed.” 
 

“Cameras quickly obsolesce, there are other technologies that would give you this data. Sign 

in technology, key cards, live data from computers and phones.” 
 

Questions about the need for continuous data collection were common. 

 
“How long would they hold the data for – you don’t need 6 months of data to get an average 

of how many people are in the office.” 
 

Because of the close proximity of the cameras, for privacy reasons participants wanted 

more specific information about the exact nature of the data recorded.  

 
“There are big personal privacy issues. It would need to be anonymous.” 

 
“We're so naive of what the tech is capable of. Can it just tell a body shape, or is it face and 

everything? What is the necessity for this amount of data and its privacy implications?” 
 

Some participants expressed concern about ownership of the data by businesses, as 

camera footage could be used by business owners for different purposes than those specified 

in the scenario.  

 
“Having the data owned by the business is an issue – I trust them less. What else are they 

checking?” 

 

In the second pre-event scenario, the variables in the previous scenario were adjusted 

to include aggregated data collection and use in public spaces. The most common reasons given 

for higher comfort were around the new benefits perceived in the scenario — more trust 

because of less intrusive data collection, and a familiarity with aggregated data collection and 

use in public spaces. Some participants described new elements of this scenario that they saw 

to be more beneficial. 

 
“I can see the benefit of this aggregated data, summarised. In an emergency event this data 

could help with the organisation and cordoning of traffic and pedestrian flow.” 

 
“The benefit is higher for me, there's a personalised sense of safety. Calm and less panicky 

people can make more rational decisions.” 
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Several participants had higher trust in this scenario because they felt that exterior 

public spaces were less intrusive on their privacy than the interior workplaces described in 

scenario 1. 

 
“Big change from first scenario regarding privacy issues – I'm ok with it because it’s harder 

to capture personal stuff in a public setting.” 

 
“I see the benefits in emergency situations and I feel more comfortable with cameras outside 

(more than internal camera that's for sure) as I'm not as identifiable — or rather, I'm just a 

generic person in that space and the data is not detailed on me.” 
 

Several people said they were more comfortable because they were already familiar 

with these examples of data collection and use. 

 
“So many people are accessing this kind of data — everyone has access to data.” 

 

However participants also raised concerns about the additional information needed to 

increase their levels of comfort. The most common concerns were in relation to who controls, 

accesses, interprets and uses the data and the role and capability of Council. Many participants 

wanted more information about control and interpretation of data collected, and details of any 

wider uses. For some this raised questions about informed consent and other implications. 

 
“The cameras are in public spaces and the purpose is a bit clearer. But how the data might 

be used is still very general. If Police can access this, they could use it for anything.” 
 

Several had concerns specifically about the system being owned and managed by the 

Council.  

 
“I don't trust the City Council's ability to analyse the data.” 

 
“The council don’t need the information – it’s not their core business.” 

 

Findings for during an earthquake (scenarios 3 & 4) 

 

Scenarios 3 and 4 (image 6) explored participant comfort in sharing data immediately following 

an earthquake. The two scenarios explore how a different data piece (i.e. social media data vs 

cellular data) has an effect on participant comfort. Scenario 3 explores individual safety and 

Scenario 4 focuses on how people feel they can contribute to Emergency Response. The 

important difference is whether people would consent to data that doesn't necessarily benefit 

them directly, but could nevertheless benefit others still located in the CBD. These scenarios 

intentionally do not specify who is prompting the messages. 
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Image 6: During an earthquake scenario. In both scenarios the data provider is actively participating 

and choosing to opt-in or opt-out. Scenario 3 is anonymised location information and Scenario 4 is the 

online activity of the individual. 

 

 
 

In Scenario 3, several participants responded positively to the use of mobile 

technologies to give people more information to help them to be safe in the immediate 

aftermath of an earthquake. 
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“This is a good use of data. In an emergency I want to feel connected when I'm separated 

from my family. I feel more comfortable with this than cameras etc. and I'm ok with the 

terms of contact.” 
 

“I don't care who has my data if you're looking after me.” 

 

However there was far more concern raised about this use of data, than there was about 

benefits. The main concerns were about data access, security and privacy, and an over-reliance 

on data and technology to ensure safety. A high proportion of participants wanted more 

information and assurance about who would have access to the data, and the kinds of rules or 

protocols that would govern their use of it. Again, privacy surfaced as the main concern.  

 
“In the news there is always something about data privilege breach. I’d want to know that 

information about me is secure — but how do you ever know?” 
 

“I don't trust any company or council to use this data properly. There is always room for 

human error.” 
 

Some people raised concerns about the data use making people too reliant on 

technology for their safety, and/or over-reliant on emergency services actually being able to 

respond should they indicate they were injured. 

 
“There is also that risk of over reliance on technology in an emergency situation. It may make 

people overestimate their safely.” 
 

“In practice — some phones don't get these alerts and so I'm worried this presumed 

infrastructure will make people think they are safe.” 

 

Some suggestions raised by participants included a desire for whānau (family) and 

community to be able to access the data and use the information gathered to help their own 

whānau (family) and communities. 

 
“There's a clear benefit to me – but can I also track my family members? They're missing an 

opportunity to help people to help their own whānau.” 
 

“This technology is already available in apps like Life360. You can put family and friends in 

groups and check in on them by pinging them. It uses Bluetooth and virtual networks.” 
 

Others wanted more control over opting in and out, and being told about the data use 

before the event in order to make better personal decisions about it.” 

 
“For me the starting and stopping are the main things and that I have the ability to 'opt in'. I 

like that there is a manual override to the automatic stuff and there to be an ability to 'opt 

off'.” 
 

Scenario 4 generated some of the lowest overall levels of comfort. The majority of 

participants raised objections to this particular use of their data (access to personally 

identifiable online activity) or were of the view that better ways of doing this already existed 

in everyday social media practice. Some participants saw benefit in allowing access to their 

online activity, either for education purposes, knowledge about infrastructural damage or 

because they perceived that their online information was already public. 
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“Geo-located data could be useful. You could ask people to take photos of certain 

(dangerous) areas. "Hey you're in the zone — can you take photos?" Useful for 

cordons.” 
 

“Crack on in if its 'public data' — cos if it's in the public domain it's already public!” 

 

A high proportion of participants wanted more information and assurance about who 

would have access to the data, and the kinds of rules or protocols that would govern their use 

of it. Privacy often surfaced as a reason behind these concerns.  

 
“There are too many agencies that have access and control. There needs to be a lead agency 

responsible.” 
 

“There are lots of shady people who would love access to all sorts of information. And not 

just social media, it's emails too. The government is already using what you post to track 

patterns – for example medicine sales can be an indicator of disease outbreaks.” 

 

Many participants thought that access to mass social media data in the event of an 

emergency would pose infrastructural and data quality issues – and some suggested that more 

efficient and effective ways of gathering relevant information already exist within common 

social media practices.  

 
“I've got 15,000 photos on my phone. What benefit is there in this? When is too much data 

bad data?” 
 

“This is such low signal, high noise data. How are emergency services going to process all 

that?” 
 

There were suggestions on how the process might be more useful and less of a ‘blanket’ 

data grab. 

 
“It would be great if there were a public site set up where you could send your photos, data 

and information to help emergency services. And not this blanket data grab.” 
 

Findings for post-earthquake context (scenarios 5 & 6) 

 

In the after-the-event scenarios, we explored people’s comfort levels with the research 

community accessing personally identifiable information recorded during the earthquake. 

Additionally, we asked about community views on how wellbeing is defined and measured to 

indicate recovery. 
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Image 7: post-earthquake scenarios. Scenario 5 explored the use of data for research and Scenario 6 

explored the use of data to indicate wellbeing and recovery. 

 

 
 

 

For many participants, Scenario 5 invited comparison with the ‘pre-earthquake’ 

response they had given in Scenario 1. There was an overall sense that the benefits for society 

seemed high enough to overcome many of the reservations they had voiced earlier about the 

use of camera footage, particularly indoors. Many said that by comparison, the data use and 
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purpose outlined in Scenario 5 gave them higher comfort. For some, the emphasis on a specific 

purpose (research and education) was reassuring; for others, the realisation that footage was as 

valuable for assessing infrastructural effects as human behaviour made the difference.  

 
“I wasn’t ok with cameras in the office, but it is interesting if the focus is on people AND 

environment. I saw some footage and the printer did most of the damage. This could uncover 

a lot of things we might not expect.” 
 

“It would be good because people don’t do what they say they’ll do in an emergency, and it 

would be good to see what actually happens”. 
 

Factors that lowered levels of comfort saw participants wanting more information and 

assurance about who would have access to the data, and the kinds of rules or protocols that 

would govern their use of it. 

 
“If this is time-based data (specific time looked at) I'm all good with it. If it's all the data on 

file it's not OK.” 

 
“There need to be frameworks about how the data gets used, including privacy and respect 

for people and respect for the organisation.” 

 

Many had concerns about ethics, consent and interpretation. Some people wanted 

reassurance that information would be used in ways sensitive to individuals’ situations. 

  
“Who interprets the behaviour they see? Just because someone is running that doesn't mean 

they are panicking. Interpretation has to be done relative to the individuals – what is a dire 

emergency for one person may be blasé for another person.” 

 
“You'd need to get consent from different people in the footage. What if there are people hurt 

or dying in-shot? Those families are more likely to say no.” 

 

There were also a small number of participants who voiced concerns about who does 

the research, and that, to be trustworthy, the research should be undertaken by a non-

government party. 

 
“It says 'research' – who is doing this? If it's a university then there are ethics requirements. 

I'm far more likely to trust a university than a government department.” 
 

“In government we pass information around and there's no rigorous ethical processes, 

whereas people doing research know what they are doing.” 
 

A small number wanted an assurance they would be informed of the research findings 

and any actions resulting. 

 
“Research for safety plans is a good reason for reviewing the recordings but I’d want to 

know who is reviewing it and what findings come out of it.” 

 
“I’d want to know how research was transferred into processes and actions.” 
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In Scenario 6 a small number of people saw these uses of data as having benefit for 

assessment of wellbeing, with some finding comfort in knowing these uses of data are already 

happening. 

 
“I'm relaxed about this. It happens already. Christchurch changed over time — in the first 

week there was community relief and excitement and sharing and helping and then over the 

next months and years the full rebuild of the city happened. This sort of data would make sure 

all places were being helped.” 

 
“It could be interesting making comparisons before and after the emergency or looking at 

specific services being used and to inform where more resources may need to go.” 
 

As with Scenario 5, Scenario 6 saw low overall levels of comfort from participants, 

with questions whether types and methods of data collection were adequate for the purpose 

stated. Their concerns explored whether the data sources stated were insufficient or unreliable 

indicators of ‘recovery’ or ‘wellbeing’, and many participants were sceptical about the data 

types outlined in the scenario providing a complete or dependable picture of how people were 

coping. 

 
“It depends on how wellbeing is defined. Do we understand from this that WERA thinks sales 

and social media postings are indicative of ongoing recovery which from which wellbeing can 

be assessed? Social media postings are not a reliable indicator of wellbeing, they need 

genuine information about how people are feeling. Go out and talk to people.” 
 

Many participants had concerns about access and equality. Some raised concerns that 

reliance on electronic sources of data would under-represent areas of society who may be 

vulnerable. 

 
“Focusing on just social media and eftpos would ignore big sections of society, like old 

people at home, whose wellbeing is most at risk.” 

 

There was also suggestions for more empirical and/or expert data. Many had 

suggestions for alternative sources of data that they felt would be more reliable for the purpose 

stated.  

 
“It would be more helpful to speak with psychologists or GPs to understand the community’s 

wellbeing.” 
 

“If you are monitoring social media feeds there could be really subjective interpretations. 

You’d need to have very qualified social scientists involved.” 
 

Discussion and Conclusion 

 

Our game-based exercise and a progressive earthquake scenario was used to explore the social 

acceptability of open data ecosystems and application of technology. Facilitators explored 

various levels of comfort and perceptions of benefit and trust with the collection, ownership 

and use of personally identifiable data. Roundtable discussions revealed participants decision 

making processes around sharing data and allowed participants to deliberate with others and 

engage in other points of view.  
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Several high-level themes emerged during the discussions, and through participants’ 

engagement with the game board through all six scenarios. One theme concerned transparency 

about data collection, sharing and use. Participants identified information such as: what data is 

to be accessed, who it is to be accessed by, and what the data will be used for, as a basic 

requirement. Anonymity of data was important to participants for building trust. There was 

also a clear emphasis on the importance of effective communication and education about data 

controls and policy for the operational regulation of consent and privacy.  

 

Participants also questioned the social goals of developing technology and whether the 

data to be accessed was in fact necessary, or of value. Concern was expressed around 

consequences of solving one problem and unintentionally creating another. For example, is it 

really helpful to gather vast amounts of personal data, at a time when the system is already 

stretched? What is the risk of socio-technical systems actually lowering resilience because of 

increased public perception/expectation on technology and overestimation of safety? There is 

a clear perception of absence between the technology industry and government to balance 

future-thinking with clear social purpose.  

 

Lastly, human involvement in the meaning and sense making of aggregated data 

increased participant’s perception of the quality of decision making, in terms of interpretation 

and prioritisation. However, how cultural views and values are equally represented was a 

concern.   

 

25 participants ensured conversations were manageable and each facilitator could allow 

about 20 minutes per scenario. Further workshops are planned, so as to continue exploring the 

various emerging technology and data sharing perceptions across Aotearoa New Zealand. It 

would be particularly useful to repeat this process with emergency managers, such as group 

controllers and first responders. Findings will contribute to the social design considerations of 

Smart Resilient Cities and will be shared with local government partners. Our ongoing 

workshops will repeat the scenarios presented here to collect comparable data. For future 

research, we will also develop other scenarios to collect perspectives about different uses of 

technology and variables of trust as well as understanding these points of view across other 

disruptive events such as extreme weather events. 

 

The positive engagement with hypothetical scenarios indicates participatory design 

approaches can and should be used for better design and delivery of social and technical 

solutions in urban environments. 
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