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Abstract

Designing smart cities that align with community needs requires
both innovation and active participation. However, engaging the
community can be challenging due to the diverse range of stake-
holders, their requirements and hesitation to participate. Co-design
offers a collaborative solution, involving the community from the
outset, and ensuring designs meet expectations. This research ex-
plores the feasibility of co-design approaches for smart city devel-
opment in New Zealand, using a local council as a case study. We
conducted an online survey with 248 participants to assess public
attitudes. Survey results highlighted strong interest in addressing
traffic congestion, environmental monitoring and public safety. Us-
ing these results we conducted a co-design workshop (n=13) to
encourage ideation. The co-design process generated innovative
concepts, evaluated based on cost, deliverability, and novelty. Find-
ings demonstrate the potential of co-design methodologies to bridge
the gap between community needs and smart city technology, of-
fering a foundation for future urban development initiatives.
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« Human-centered computing — Human computer interac-
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1 Introduction

Smart cities leverage the Internet of Things (IoT) technology to
connect infrastructure, services, and utilities. Increasing urbanisa-
tion is leading to higher energy, food, and material consumption
and greater carbon emissions, negatively impacting residents and
overall environmental health. Local Governments seek to utilise
IoT to improve operations, make cities smarter and more efficient
to better serve their residents [41].

Smart cities rely on technological innovation to enhance ur-
ban living, yet ensuring these advancements align with commu-
nity needs remains a challenge. Traditional top-down planning
approaches often overlook public concerns, leading to solutions
that may not fully address local priorities. Effective community
engagement is essential for smart city development, but achiev-
ing meaningful participation can be difficult due to barriers such
as lack of technical knowledge, limited access to decision-making
processes, and varying stakeholder interests.

Co-design offers a collaborative approach to addressing these
challenges by actively involving community members in the design
process. These techniques allow us to design with the community
rather than for the community by incorporating user perspectives
from the outset. Co-design ensures that smart city initiatives are
relevant, feasible, and more likely to be adopted. Various tools have
been developed to facilitate co-design, including surveys and rapid
prototyping kits, which help capture stakeholders needs through
ideation and translate them into actionable solutions [13, 20].

In their recent scoping review, Rocha et al. [33] found only 1
study which included co-design in a smart city context in Australia,
while in New Zealand Mark and Hagen [23] highlight the need
for evaluation of co-design techniques and the potential of these
approaches in upholding the principles of Te Tiriti o Waitangi by
enabling connection with indigenous practices such as kaupapa
Maori or tikanga Maori techniques. Similarly in Australia, further
exploration of co-design with Aboriginal and Torres Strait Islander
knowledge systems in smart city contexts is required. This is in
contrast with the international community where the use of co-
design to develop smart city environments is well explored [37].

As a first step, in this research we investigate co-design tech-
niques to explore the feasibility of using these for smart city design
in Australasian contexts. Using a local City Council in New Zealand
as our case study, in this research we investigate a set of co-design
tools and approaches for ideation with the community to develop
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localised smart city technology-based concepts. Our research uses
an online survey to gauge community perceptions of existing tech-
nologies as well as understanding public attitudes towards those
technologies. This defined the scope and topics for a workshop
where we employed two distinct toolkits, the Tiles IoT Inventor
Toolkit [27] and the Futurice IoT Service Kit [11], to stimulate
ideation among participants from the community.

The primary contribution of this work is an approach for en-
gaging in co-design practices and techniques for smart city de-
velopment in an Australasian context. We demonstrate how the
collaborative process produced several innovative and feasible con-
cepts which were evaluated against existing council-based criteria
to determine feasibility. Our findings underscore the potential of
co-design methodologies to bridge the gap between community
needs and smart city technology, providing a starting point for
future urban development work.

First, we discuss related work on co-design and smart city tech-
niques, followed by our study design. Next we introduce our case
study and present the results of each phase of our co-design process,
namely the survey, workshop and analysis of concepts produced.
This is followed by a discussion centred on community engagement
and collaboration with local government, elaborating on lessons
learned and the implications of our approach. Lastly, we finish with
concluding remarks and next steps for future work.

2 Related Work
2.1 Smart Cities

IoT has transformed how we conceptualise smart environments,
from individual smart homes to comprehensive smart city initiatives
[15]. While smart homes focus on automating individual living
spaces, smart cities represent a broader vision where technology
improves urban infrastructure and public services at scale. This area
is particularly relevant in rapidly growing urban centres, where
smart city technologies could address emerging challenges.

IESE Business School [17] discusses cities that are at the forefront
of digital innovation to improve sustainability and quality of life,
such as London, New York, and Paris. In addition, Barcelona has
been working on smart city initiatives for some time [2], focusing on
open access to information that enables informed decision making
[36]. Christchurch, in New Zealand, has also embraced open data
as part of its rebuilding after the 2011 earthquakes [22], leading
the way for open communication with cities in New Zealand. The
authors in [26] support this, stating that councils should adapt the
way they operate to improve their urban environments.

2.2 Co-Design & Smart Cities

Co-design as an approach emphasizes design with people rather
than for them [38]. It encourages individuals with lived experience
to actively participate in the design process [25], fostering what
Sanders and Stappers [35] describe as “collective creativity applied
across the entire design process”. In the context of smart cities, tra-
ditional top-down design approaches have not been able to meet
citizens’ real-life needs. Specifically because of the increasingly
complex and integrated relationships between technologies and
human experiences [39].
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Figure 1: Tiles IoT Inventor Toolkit Components

Within smart city design, co-design is a promising approach as
its focus is not on the involvement of citizens in city governance, but
rather to make them participate in the co-production of public ser-
vices [21]. Fu and Lin [10] propose a practical co-design framework
for smart city planning, where citizens contribute meaningfully to
planning, design, and evaluation based on their everyday urban
experiences. Building on this work, our co-design approach utilises
a crowd-sourced survey to identify urban challenges that are rele-
vant to the community. This then guides the scope of our workshop
with co-design toolkits that support ideation which better reflects
the needs and perspectives of everyday citizens.

2.3 Co-Design Toolkits

Co-design toolkits support design thinking and encourage citizen
participation for developing smart city initiatives [37]. Co-design
toolkits typically involve card-based activities [28]. Figure 1 shows
the Tiles IoT Inventor toolkit, which uses card-based activities to
encourage community led design [12]. The relatively simple de-
velopment and implementation of card-based toolkits has resulted
in their popularity and common use throughout design processes.
These kits allow for design to be conducted in a visual and tan-
gible nature, while minimising previous experience required to
participate [14]. Often cards are used in a structured way with an
accompanying instruction worksheet [7, 9, 27, 40].

In addition to card-based activities, some kits use digital ele-
ments such as sensors and web interfaces. The Shoebox Co-design
Toolkit [6] for example incorporates; an activities booklet, as well
as prompt cards, and a digital reflective journal which is used to
document activity outcomes and encourage ongoing development.
While digital elements provide another layer of interaction, card-
based only activities tend to be cheaper and simpler to implement.
However, it should be noted that card-based solutions do not result
in functional prototypes but rather encourage conceptual ideas.

Co-design toolkits can also use physical tokens to replicate cre-
ative play and support connection with real-world objects. The
Karakuri IoT toolkit [19] incorporates origami objects as physical
tokens to lower the barrier to entry, especially for those who are not
domain experts. This approach mimics how board games combine
cards and tokens to gamify the experience and make the process
engaging, particularly for children. Futurice [11] (figure 2) allows
children to take on the role of designers, creating smart objects for
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Figure 2: Futurice IoT Service Kit Components

a park. Players collaborate by collecting cards and refining their
ideas based on feedback from teammates. This illustrates a board
game approach using cards and tokens can serve as an effective
co-design tool for involving and engaging community stakeholders
in collaborative design and problem-solving.

2.4 Co-Design Toolkits for Smart Cities

Schulders [37] investigated the applicability of design-thinking
principles, including co-design, to allow community participation
in smart city initiatives. They found that the use of co-design signif-
icantly increased community participation as well as encouraged
agency and ownership over initiatives led by public organizations.
While co-design is showing promising results supporting the smart
city environments, little has been done in the Australian or New
Zealand context [33]. Recent work investigated co-design tech-
niques for the ideation of smart solar urban furniture [30] and there
is some discussion of co-design facilitated by the New Zealand
Transport Agency to reduce carbon emissions using alternative
transport [29]. In addition, there is some work on the use of co-
design for indigenous data sovereignty in the context of IoT [4].
Yet, to our knowledge, none have investigated the use of co-design
for smart city ideation in New Zealand.

The use of co-design kits for smart cities is also often tailored
toward specific environments and contexts, such as smart homes
[9, 16], factories [19] or lighting [1]. Many kits are not generalised
to the broader smart cities context!. Nevertheless, we have chosen
to use the Tiles kit [12] as it can be generalised to many contexts
and has proved popular for co-designing technology. The use of the
Futurice kit [11] in our work also helps incorporates physical tokens
as elements alongside ideation cards to provide a common language
between an engaging experience between different community
demographics [32].

3 Methodology

In this work we used a mixed-methods approach, integrating a
survey to understand community awareness of existing technolo-
gies and identify key challenges (Phase 1) followed by a co-design
workshop (Phase 2). Results from the workshop were then analysed
(Phase 3) using a ranking matrix provided by the local council to
determine feasibility with selected concepts chosen for further de-
velopment. Participants were recruited using the council’s monthly

The Shoebox Co-design Toolkit [5] was created specifically to design smart cities
with community members but it is not publicly available.
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newsletter to ratepayers via email. All participants provided in-
formed consent before taking part in the study, personal data was
anonymised, and individuals could withdraw within two weeks.
This study received approval from the Human Ethics Committee
for the Division of Health, Engineering, Computing and Science at
the University of Waikato (Approval no. HREC(HECS)2024#52).

Phase 1 consisted of an online survey (n=248) which was devel-
oped in consultation with local council (see Appendix A.1). The
survey was also shared with business communities in the central
business district (CBD). There were no restrictions on participation
as we wanted to capture a wide range of demographics. The survey
was used to assess: public awareness of council-provided technolo-
gies already in the city such as smart bins or information kiosks;
preferences for new community technology solutions; perceived
barriers to technology use; and the importance participants placed
on smart city initiatives. Quantitative survey data was analyzed
using Qualtrics Stats iQ, employing statistical tests for significance
where applicable. Open-ended survey responses were processed
using natural language analysis techniques, including topic mod-
elling and text visualisation tools. Key challenges were identified
and used to facilitate the design of the workshop.

In Phase 2, participants (n=13) were selected from those who
expressed interest in a workshop. While we could have had a higher
number of workshop participants, the final group was balanced
across demographics to ensure diverse representation. To encour-
age participation, workshop attendees received a small incentive
($50 prezzy card). During the workshop participants were divided
into groups and assigned predefined challenges derived from the
survey results, such as traffic congestion, environmental monitoring
and public safety. Each group was also given a persona representing
a typical community member affected by the provided challenge.
This was to ensure they did not only solve the challenge for them-
selves but would consider the challenge from a wider community
perspective.

The workshop was structured as follows: a short introduction
provided an overview of the research and an icebreaker activity
where participants were asked to draw their perceptions of a smart
city was used to ensure each participant knew each other. This
was followed by the first co-design activity where participants
used the Tiles IoT Toolkit to ideate solutions to their challenge.
Ideation toolkits were chosen as a proven method used to facilitate
engagement and creativity [34].

The Tiles IoT Toolkit was used following standard procedures.
The storyboard allowed participants to place cards related to their
challenge in the appropriate slots on the worksheet. While the
toolkit provided personas, we replaced these with our community
specific personas. Similarly, the kit is centred on the UN Sustainable
Development goals, these were replaced with the challenges specific
to the area from the survey. A facilitator worked with each group
to help them complete the activity, answering any questions they
may have about the toolkit and cards available. Initial ideas were
presented for peer feedback and refinement.

Between each design session there was a short break before re-
peating the process with the Futurice IoT Toolkit. This toolkit was
designed to be used with generic floor maps such as a supermarket
or town centre. In our workshop we used a simplified map of the
local CBD. To help guide the session we also provided a different
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challenge and persona to enable discussion amongst the group. The
rest of the kit was used out-of-the-box, where participants used
tokens, cards and post-its to define a series of interactions to ad-
dress their challenge. The cards enabled them to include smart city
technologies. As in our first session, a facilitator was available to
help answer any questions they may have. At the end of the work-
shop groups presented final concepts followed by a short feedback
survey about the toolkits. Workshop discussions and outputs were
analysed thematically, focusing on common ideas, feasibility, and
participant engagement.

Lastly, in Phase 3 the concepts designed during the workshop
were analysed using a ranking matrix provided by the city council.
The matrix is used to determine which projects are feasbile to move
forward with and help align priorities before presenting ideas to
councillors. This provided an appropriate mechanism with which
to judge the ideas generated from the workshop and determine if
they could be implemented in future.

4 Case Study: Tauranga, New Zealand

Tauranga is a coastal city in New Zealand with a diverse population
in one of the country’s fastest growing regions. At present the
CBD is undergoing significant revitalisation to become a more vi-
brant and people-focused space including modernised public spaces,
increased walkability and green infrastructure. With this redevel-
opment, new 5G and Wi-Fi internet is being installed, enabling the
use of smart technologies in the area and increasing connectedness.

The Tauranga City Council is tasked with a difficult challenge,
they must attract business, residents and visitors back, restoring
the CBD to a vibrant hub in the heart of the city. Key aspects of
this plan include shifting residents attitudes towards the CBD and
restoring the area as a community, civic and cultural focal point
for the people who live in and visit the city. Furthermore, the coun-
cil recognises that engaging the community is essential to ensure
that their voice is heard and that the challenges they face can be
identified and addressed [8]. This provides unique research oppor-
tunities to investigate how technology can be used in smart city
environments to support wider initiatives to engage communities
and allow residents to influence future developments for the city.

Throughout this research council staff were engaged as collab-
orators as opposed to passive stakeholders. They contributed to
initial planning discussions and helped to develop each phase of the
co-design process, also providing key information about existing
smart city technologies (see figure 4) as well as council priorities.
This was essential in aligning the process to the wider development
of the CBD and ensuring concepts co-designed with the community
would integrate with the broader city initiatives. This partnership
enabled co-development of: the survey questions, to ensure we
gathered useful perspectives for both our research but also council
objectives in phase 1; the challenges, personas and workshop pro-
tocols in phase 2; and lastly, the analysis methods used in phase 3.
Next, we explore each of these phases, highlighting key results and
outcomes for this case study.

5 Phase 1: Survey

As discussed in Section 3, the first step of our co-design process
was to develop and conduct a survey to gather information about
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Table 1: Age Brackets of Survey Respondents

Age n Percentage
Under 16 1 0%
16-24 25 10%
25-34 17 7%
35-44 33 13%
45-54 26 10%
55-64 29 12%
65-74 71 29%
75-84 34 14%
85+ 8 3%
Prefer not to say 4 2%

How would you rate your digital skills when
using community technology?

35.00% 32%
30.00% 26%
25.00%
19%
20.00%
15.00% 13%
10.00% 8%
5.00% 0% 2%
4
0.00% |
Very low Somewhat Low Neutral Somewhat High Very high
low high

Figure 3: Survey Self-rating of Digital Skills

citizens perceptions and attitudes towards smart city technologies.
An online version of the survey (see Appendix A.1) was created
using the Qualtrics platform [31], and primarily distributed through
the Korero Mai - Let’s Talk Tauranga email newsletter by the Tau-
ranga City Council. The survey aimed to understand how residents
view technology such as information kiosks and public Wi-Fi, as
well as how and where it can make a difference in the community
by improving services and livability. The survey was expected to
take 10 minutes to complete and included questions on demograph-
ics, usage of existing technology in the community, and what the
council can improve using technology.

5.1 Demographics

There were a total of 248 responses to the online survey. The largest
group of respondents were in the 65-74 age bracket as shown in
Table 1, however there was a spread of ages, including several in the
16-24 bracket which are typically difficult for the council to reach.
In terms of gender 122 respondents were female, 116 respondents
were male, 1 identified as non-binary, 1 identified as other, and 8
respondents preferred not to disclose their gender. This wide range
of participants provided a strong base from which to understand
the residents’ familiarity and perceptions of smart technologies.

5.2 Use of Existing Technologies

The majority of respondents rated their digital skills as high or very
high (Figure 3), illustrating that the use of existing technologies
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Table 2: Awareness of Existing Council-provided Community
Technology

Which of the following are you aware of? Percentage
Free Wi-Fi at the city libraries 81%
Digital signs showing parking availability at 73%
council carparks

Digital signs showing bus arrival times at bus  61%
stops

Payment kiosks at libraries 29%
Traffic counters 28%
Information kiosks in outdoor spaces 20%
Free Wi-Fi at the Mount 19%
Smart street lights that we can dim remotely to  16%
save energy

Smart bins that tell us when they are full 14%
Smart seats in the City Centre with charging 10%
stations and free Wi-Fi

None of the above 6%

e el s £
(c) Information Kiosk (d) Smart Bin [3]

Figure 4: Existing Technology Examples

is prevalent within the survey participants. This is higlighted by
the results shown in Table 2 where the majority of respondents
are aware of the existence of free Wi-Fi at libraries, digital parking
availability signs, and digital bus arrival signs. However, the major-
ity were not aware of the other existing community technologies
such as smart benches or smart bins. Figure 4 shows examples of
existing community technologies in the city.

The majority of participants (43%) indicated that there were no
barriers preventing them from using this technology, meaning that
when technology was installed uptake and use was high. However,
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Table 3: New Technology Preferences

What technology would you like to see more Percentage
of in the community?

Environmental monitoring and emergency re- 65%
sponse systems

Digital community messaging and signage in  51%
outdoor spaces, such as what’s on listings,
maps, transport information

Interactive learning and technology for kids 46%
Free public Wi-Fi in other areas outside of ex- 45%
isting locations

Urban planning technology to view 3D city 41%
models and give feedback on the future of our

city

Smart council infrastructure, such as smart bins  38%
Digital art, culture and history displays 30%
Technology that fosters community innovation, 30%
such as open data for research

Other 15%

40% of participants also indicated that they had privacy concerns
or were wary of being scammed. A further 36% of participants
said they already had all of the smart technology they require in
the city, while 18% indicated that they had no need to use any
smart city technology. 8% were not interested in using this technol-
ogy at all, while 6% said they would not be confident in using it.
Only 2% of participants did not have a device to connect to with
integrated technology and similarly 2% also said the technology
was not designed to work with their disability. Lastly, 9% provided
other reasons for prevention of use. Overall, this demonstrates that
technology in the city is well used when installed and if privacy
concerns can be addressed further investment in these technologies
will be beneficial to residents.

5.3 Smart City Improvements & Challenges

As the survey was designed directly with council, we were able to
ask residents about new smart city technologies they would like
to see in future based on council priorities. In Table 3 respondents
reported that they primarily would like to see more environmental
monitoring and emergency response systems, as well as messaging
and signage. 16% and 56% of respondents indicated that they would
be very likely or likely to use this new technology, signaling strong
community support. Out of the remaining respondents, 15% were
neutral, 6% unlikely and 8% very unlikely to use the suggested
technology, demonstrating that only a small number of residents
would not be interested in the implementation of new technologies.

Participants were asked to rank different council services where
technology could be used to improve those services, using a scale
of 1 to 7 where 1 is the most important and 7 the least important.
That is, higher scores denote lesser importance than lower scores
with respect to a given service. In Table 4 the average rankings are
given for each of the services surveyed. Roadways were ranked as
the most important council service to improve with technology,
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Table 4: Average Ranking of Importance of Improving Coun-
cil Services

What Council services would you like to see Average

improved through the use of technology? ranking
Roads, footpaths, and cycleways. 3.23
Drinking water, wastewater, and stormwater 3.73
services.

Rubbish and recycling services. 4.19
Building and planning. 4.39
Public facilities, such as community centres. 4.55
Outdoor spaces, such as parks. 5.06
Community services, such as events. 5.36
Business licensing and compliance. 6.09

followed by water and waste services. This emphasises the impor-
tance of mobility and concerns for the local environment as key
issues at the forefront of residents minds.

6 Phase 2: Workshop

Phase 2 consisted of two key tasks, the first was the development
of the workshop as outlined in section 3 including protocols, chal-
lenges and personas based on the survey information. The second
was conducting the co-design workshop with participants (n=13)
to ideate and design concepts to address the survey challenges.

6.1 Smart Technology Challenges and Personas

Number [Title Description

Our city's beautiful landscape and coastal location expose us to
natural hazards. As temperatures rise, we'll face more extreme and
unpredictable weather events. How might technology provide early

1|Natural Hazards warning in the city centre for natural hazards?

When we asked people what they would change about our city, the
top response was to reduce traffic congestion. How might technology
make it easy for people to shift to cycling, walking, car sharing, or
riding scooters or buses when visiting the city centre?

Our community feel it's important council prioritise nature. How
might technology help pratect, preserve, and enhance our city
centre’s natural environment?

2|Mode Shift

Protecting the
3|Environment

At night, less than three in ten residents feel safe in the city centre.
4lsafety How might we use technology to improve safety in our CBD?

Our city centre has arich and diverse history, from its Maori heritage,
through to European settlement and beyond. How might technology
S|History tell the stories of our city centre?

Figure 5: City Challenges

Using the survey results as a guide, materials for the co-design
workshop were developed between the researchers and council
stakeholders to enable efficient use of the Tiles IoT Inventor Toolkit
and Futurice IoT Service Kit. In both toolkits, the purpose is to fa-
cilitate ideation and concept development by those unfamiliar with
IoT and related smart technologies. A key requirement of council
involvement was that the ideas developed are relevant for the city
and residents, therefore, we worked first on developing challenges
and personas that could be used in the workshop to potentially
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Janeis a 66-year-old retiree who lives in Matua. She regularly
visits the new Waterfront playground at The Strand with her two
grandchildren. She also loves to take them to the library to take
outbooks and the cheaper cinemas in town to see the latest
movies. Occasionally she will also visit the optometrist to update
her glasses or the Pathlab for blood tests.

Danielis a 47-year-old manager who works in the CBD. He uses
the new cycle on Cameron Rd to get to and from his homein
Greerton. Daniel has 3 primary school aged children who attend
Tauranga Primary School. He and his wife share responsibilities in
dropping and picking the kids up from school. When it’s his turn
he alternatively takes his car to work and struggles to find cheap
parking in the CBD.

Arohais a 20-year-old university student who studies Law atthe
University’s Tauranga CBD campus. Living out at Papamoa, she
very rarely visits the CBD unless she must comein for classes,
tests or exams. When Aroha visits campus she gets her older
brother to drop her off so she can get to class on time and avoid
parking fees.

Hamish is a 15-year-old college student who lives in Bethlehem.
He and his mates regularly visit The Strand in summer to practice
manu jumps off the wharf. During winter they might occasionally
visit the cinema or Farmers to go shopping for Lego but they
spend much of their time at school or home. Hamish is looking
forward to getting his learners licence so he can learn to drive and
stop having to rely on the buses.

Fiona is one of Daniel’s children and is 10 years old. She comes
into the CBD for school and loves it when Mum takes her and her
friends to the library to find out information for school projects.
She is currently learning about the history of Tauranga as wellas
environmentalimpacts. Fiona loves turtles, Finding Nemo is her
favourite movie, and she worries aboutthe impacts of plastic
bottles on the ocean.

Figure 6: Workshop Personas

address the improvements outlined in Table 4 and consider the
preferences for new technology as discussed above in Table 3. 5
challenges were developed as outlined in Figure 5. We explore each
of these challenges next.

Challenge 1, Natural Hazards, centred on exploring how technol-
ogy could provide assistance with mobility during extreme weather
events. This tied into residents concerns around roadways in terms
of being able to move about the city, but also their preference for
new technology to provide better emergency response systems as
well as community messaging and signage in outdoor spaces. As
Tauranga is in a low lying coastal area, such systems are imperative
to ensure resident safety during extreme weather events such as
flooding or tsunamis.

Due to the topography of Tauranga and inland coastal areas
there are several bottlenecks in the existing roading network which
cause significant congestion at peak times. As a result, challenge
2 asked participants to address the number one identified council
service that could be improved with technology, in this case mode
shift. The challenge specifically asked workshop participants to
think about alternatives to single occupant vehicle transport and
ways in which they might be able to move around the city.

In challenge 3 we wanted participants to consider protecting the
natural environment, tying in with survey participants preference
for new technology for environmental monitoring and improved
water, rubbish and recycling services. In contrast challenge 4 looked
at the safety of residents in the CBD. While not directly reflected
in the survey results, resident safety was identified by council as
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1ding scooters o
ity centre?

Figure 7: The Manu Meter

a key challenge from previous surveys that they would like to
investigate further, we therefore included this challenge in our
workshop. Lastly, challenge 5 asked participants to consider the
rich and diverse history of the city, aligning with the survey results
on a preference for interactive learning and technology for kids and
the importance of improving public facilities and outdoor spaces.
With each of the challenges developed 5 personas were created
for use in the workshop (figure 6). The personas were developed
by the researchers and reviewed by council stakeholders before
the workshop took place. It was important not only to develop
personas which would work for the identified challenges but were
also representative of city residents. The demographic information
from the survey and responses were useful in creating realistic
personas for the city, taking into account key areas in the CBD.

6.2 Ideation and Concepts

As outlined above in section 3, participants were split into groups
and asked to address a challenge for a specified persona, first with
the Tiles IoT Toolkit and in the second session with the Futurice
IoT Service Kit. Next we explore each of the 6 concepts generated.

6.2.1 Manu Meter. The Manu Meter was designed using the Tiles
IoT Toolkit to address challenge 3 in figure 5 using Hamish as their
persona. The final concept from the toolkit is shown in figure 7. The
purpose of the Manu meter is to score Manus, a type of bomb or dive
into the water where the jumper aims to create the biggest splash
possible, that is a popular water-based activity among teenagers
using the wharf located within the CBD. The concept involves a
centralised app and information kiosks that connect residents with
their environment. The group chose to focus on the waterfront
as a key community space while expanding to cover broader city
activities and information. The app provides a singular source of
information, and kiosks are used as a live feed to display data
such as weather information, water quality, swimming conditions,
and most importantly jump scores. This concept ensures that the
information is accessible and raises awareness around water quality
and swimming conditions to ensure it is “safe to Manu”.
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Figure 8: Transport Tracking

6.2.2  Tsunami Alert. Also using the Tiles IoT Toolkit, the Tsunami
Alert system was designed to address challenge 1 in figure 5, with a
focus on natural hazards for the persona Jane. The group envisioned
a city-wide emergency communication system that would trans-
form existing CBD infrastructure, such as digital displays, into an
emergency broadcast network during natural disasters. This would
allow first responders to coordinate a tsunami response and redirect
public transport to assist evacuation. This would be particularly
important for people like Jane who may have limited mobility and
need help to get out of an area quickly in an emergency situation.

6.2.3 Safety Lighting. The last concept designed using the Tiles IoT
Toolkit was investigated by our third group to address challenge 4 in
figure 5 for our persona Aroha. The purpose of the Safety Lighting
system was to provide intelligent lighting that would combine
decorative elements, such as garden lighting or existing artwork
installations, with safety features to discourage antisocial behaviour
at night. By lighting up the CBD in centralised areas where people
are it would enable the council to help protect residents and increase
their perception of safety while conserving energy.

6.2.4 Transport Tracking. After the workshop break participants
were regrouped and asked to use the Futurice IoT Service Toolkit
to explore the next set of challenges. The first group investigated
challenge 2 in figure 5 where they wanted to encourage mode shift
for our persona Daniel. The final concept is depicted in figure 8.

The purpose of the Futurice IoT Service Toolkit was to describe a
story or journey throughout the mapped area to demonstrate how
smart technology may be used along those routes. The group paid
particular attention to the fact that our persona Daniel had children
and therefore investigated smart tracking options, such as perks
for him and his family for using alternative modes of transport like
buses or cycling. They prioritised safe student travel and the use
of engaging incentives, such as Daniel riding free each time his
children used the bus, to encourage mode shift.

6.2.5 Cultural Tour. The Cultural Tour concept was also developed
using the Futurice IoT Service Toolkit where the participants in
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the group addressed challenge 5 in figure 5 for our persona Fiona.
The group focused on Fiona’s interest in history as well as her love
of the ocean in developing their concept. Their final concept de-
scribed an interactive art trail through Tauranga’s CBD that brings
history to life through a mix of physical and digital installations,
weaving together cultural narratives, historical collections, and new
artworks in collaboration with local iwi.

6.2.6 End-of-Journey Facilities. The final concept generated from
the workshop focused on end-of-journey facilities to address chal-
lenge 2 in figure 5 for persona Jane. Considering how Jane may
travel during non-peak times, the group considered a system which
would prioritise sustainable transport options by using: connected
infrastructure such as the existing smart benches for charging e-
scooters or priority traffic signals for buses, cyclists and pedestrian
crossings; smart facilities for end-of-journey such as bike storage,
charging stations, and bicycle repairs; and real-time journey opti-
misation, including live updates on facility availability and traffic
conditions; to make car-free travel the most attractive option for
accessing the CBD.

7 Phase 3: Analysis of Concepts

At the conclusion of the workshop, photos and detailed notes were
made about each of the concepts generated by the participants
as outlined above. A short survey was also given to participants
to ellicit their feedback on the workshop process. However, the
feasbility of the concepts produced required further evaluation to
determine which aligned with council priorities for future investi-
gation. The council stakeholders provided a ranking matrix usually
used to score and evaluate future projects (see appendix A.2) in the
digital technologies space. The ranking matrix includes 9 scoring
items for consideration, namely:

o Cost - the estimated cost to complete a project.

o Budget Line - whether there is an existing budget available
to fund each project.

e Time - estimated duration required to complete a project.

o Deliverability - considering delivery models, involvement
of partners and internal or external resources required.

o Effort - measuring the overall complexity, resource require-
ments and risk level.

o Benefit - expected positive outcomes of each project, such
as improvements in services, infrastructure, or community
well-being.

e Outcomes - evaluates how well the project aligns with
broader community and organisational goals.

e Strategic Fit - how well each project aligns with the coun-
cil’s Community Outcomes, such as promoting an inclusive
city, protecting the environment, and supporting business
and education.

o Novelty - evaluate the creativity and innovation of a concept.

Higher scores for a specific criterion emphasise projects that are
more desirable for council. For example, a project which costs less
will receive a 5 while a project which costs more will receive a 1.
For this research we also added novelty as a key criterion from the
workshop to the existing ranking matrix. We wanted to prioritise
projects that introduce new, unique, or exciting ideas, while projects
making use of existing technologies to score lower. The purpose of
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Sce Manu Meter | Tsunami Alert | Safety Lighting T{;’lﬁ; Cultural Tour E"‘l‘:ﬁa’i;z;"ey
Cost 5 3 4 4 5 3
Budgetline 2 2 3 2 3 2
Time 3 2 3 3 3 2
Deliverabilty 3 2 5 2 4 3
Effort 4 2 4 3 4 3
Benefit 4 5 4 3 4 3
Outcomes 4 3 3 3 4 3
Strategic it 4 4 3 4 4 4
Novelty 4 3 3 2 3 2

Total 323 2438 305 248 32 248

Figure 9: Concept Ranking

this was to be able to eliminate ideas that already exist within the
city’s current smart technologies and to highlight the creativity of
the ideation process.

With the use of the matrix established, 2 researchers and 2 coun-
cil staff members scored each concept against the above criterion.
This balance of scorers enabled the ranking to reflect concepts
which were both novel but also likely to be considered for invest-
ment by council to be ranked more favourably. With the addition
of novelty, the maximum score a concept could receive is 45. The
average of the scores was taken for each criterion as is shown in
figure 9. Concepts with a higher average total score are considered
more feasible and innovative and therefore should be investigated
first, while those with lower scores are considered more difficult
and costly to implement.

The concepts which received the highest scores were the Manu
Meter and Cultural Tour. Note that each of these concepts was
designed using a different ideation toolkit, highlighting the im-
portance of the survey in determining key challenges to address
during the workshop regardless of the co-design tool used. This em-
phasises the importance of the process followed but that different
ideation kits may be used provided the workshop is tailored to the
needs of the local area. Notably, the Manu Meter concept is being
explored further by the Tauranga City Council in collaboration
with the researchers to develop a proof-of-concept prototype.

8 Discussion

8.1 Smart Technologies and Community
Engagement

Our co-design approach provided insights into community attitudes
to smart city technologies. The survey responses demonstrated how
the community is receptive to technology being introduced to ad-
dress challenges relevant to them and improve council services.
There was no statistical difference in preference on age group or
gender, implicating that technology-focused solutions would be sup-
ported by all demographic groups. However, the council newsletter
containing the survey was distributed primarily to ratepayers, who
make up a large proportion of its subscribers. This may explain
the older age demographic among survey respondents. To obtain
a more diverse and representative sample, the survey was also
shared within the CBD and among students at the local university
campus. Similarly, to ensure a range of demographic perspectives
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were included, the selection of workshop participants was carefully
considered in alignment with the developed personas.

While the survey results helped identify primary challenges to
explore in the co-design workshop and informed the development of
appropriate personas, we found that many responses were heavily
fiscally focused, even when this was not directly relevant to the
question asked. The survey did make it clear that the research aimed
to gather opinions on technologies and related issues, rather than
signal any commitment to future projects or expenditures. This
reflects one of the key challenges councils face when engaging
with communities: ratepayers are often concerned about potential
wasteful spending on unsuccessful or non-essential projects.

By adopting co-design processes such as those presented in this
paper, these concerns can be partially mitigated by demonstrating
genuine community involvement. This way, technologies are de-
veloped collaboratively with the community, for the community,
building trust and addressing both council and resident concerns.

8.2 Ideation Toolkits, Innovation and Creativity

During the workshop, both the Tiles IoT Inventor Toolkit and the
Futurice IoT Service Kit proved to be useful methods of allowing
the community to design smart city solutions to meet their needs,
especially without advanced technological knowledge of IoT so-
lutions. Participants stated that they felt their ideas were realistic,
unique, and something they would use.

The timing of the workshop was kept short to be respectful of
the limited time people had available as well as to ensure high
workshop engagement. This allowed the groups to develop initial
concepts suitable for further refinement as seen in [24]. This was
useful leading into phase 3 as it provided enough information to
allow a ranking to take place but also demonstrated to workshop
participants the conceptual nature of the toolkits, in that ideas
would be considered carefully and only those which ranked highly
would be explored for further development. Working closely with
the university also helped with this engagement as it was clear that
the workshop process was beneficial to the students involved in
learning about co-design.

8.3 Collaboration with Local Government

By incorporating council processes into phase 3 through the use
of the ranking matrix we were able to determine which concepts
should be investigated for future development. As mentioned pre-
viously in section 7, the Manu Meter concept has been chosen by
council to develop as a proof-of-concept prototype in partnership
with the University. This outcome is beneficial in three key ways:
firstly, it enabled council to engage meaningfully with the commu-
nity to design technology for the community with the community;
second, it demonstrates that the co-design approach produced con-
cepts that are feasible from a council perspective as well as relevant
to the local area; and lastly, it requires minimal investment from
the council to have an innovative smart technology developed with
the University reducing the overall cost to the ratepayers.

8.4 Limitations & Future Work

In future iterations of the process, we aim to provide more ex-
amples of existing smart technologies to help participants think

538

OZCHI ’25, November 29-December 03, 2025, Sydney, Australia

more creatively about the possibilities within the IoT space. Par-
ticipants’ ideation was often limited by the technologies included
in the toolkit and their own prior knowledge or experience. While
facilitators guided discussions beyond familiar technologies, such
as smartphone applications, this constraint influenced the range
of concepts generated and highlights the need for more compre-
hensive and diverse emerging technology co-design toolkits in the
smart city domain.

The toolkits chosen were applicable for developing IoT solutions
in smart environments. Of the two toolkits explored, participants
expressed a preference for the Tiles IoT Toolkit, as its structured
approach better supported their design process. In contrast, some
participants found the Futurice toolkit’s tokens confusing, par-
ticularly when the tokens did not directly relate to the specific
challenges being addressed. This may have been influenced by the
structure of the workshop. In future workshops, mapping tokens
directly to the identified challenges may help reduce confusion and
better support participant engagement.

Moving forward, our work will focus on further refining both
the co-design process and toolkits, as well as advancing the Manu
Meter concept in collaboration with the local council. Overall, these
toolkits offer a valuable opportunity for community stakeholders to
actively contribute to the development of technologies that address
their city’s unique challenges.

9 Conclusion

We present an approach for engaging in co-design practices and
techniques for smart city development in an Australasian context,
using Tauranga as a case study. The process involved three key
phases: a survey to gather community perceptions and challenges
for the city; a co-design workshop informed by the survey results,
where participants designed concepts to solve challenges for their
local community; and lastly, analysis of these concepts to select those
feasible for further development with council.

The survey revealed strong community interest in technolog-
ical solutions to urban challenges and produced design concepts
unique to the city’s needs. Participants’ positive feedback to the
workshop highlights the success of our co-design approach in facil-
itating meaningful engagement with the community for councils,
effectively bridging the gap between needs and solutions. We also
saw that highly scoring concepts (the Manu Meter and Cultural
Tour) included elements distinctive to Tauranga such as: a particu-
lar type of water bomb originated in New Zealand, the Manu; or
the rich history of Maori in Tauranga-Moana. These outcomes rein-
force the need for localised co-design techniques to develop smart
city technologies that are respectful and meaningful to community
stakeholders.
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A Appendix
A.1 Community Technology Survey

Technology can help improve our services and make our city more
liveable. We want to hear your views on community technology, like
information kiosks and public Wi-Fi, to understand where it could
make a difference. Join the University of Waikato and Tauranga City
Council in a research project exploring co-designing community
technology by completing this 10-minute survey.

A.1.1 Awareness. We already have some council provided commu-
nity technology in place. Which of the following are you aware of?
Please tick all that apply. [MULTIPLE CHOICE]

o Free Wi-Fi at the Mount.

e Free Wi-Fi at the city libraries.

o Information kiosks in outdoor spaces.

e Smart bins that tell us when they are full, so we don’t need
to check them as often.

o Digital signs showing parking availability at council carparks.

o Digital signs showing bus arrival times at bus stops.

e Payment kiosks at libraries.

e Smart street lights that we can dim remotely to save energy.

o Traffic counters.

e None of the above. [EXCLUSIVE ANSWER]

A.1.2 Interest in Future Technologies. What technology would you

like to see more of in our community? Tick all that apply. [MULTI-

PLE CHOICE]

e Digital art, culture, and history displays.

o Free public Wi-Fi in other areas outside of the Mount and
the city libraries.

e Smart council infrastructure, such as smart bins.

e Urban planning tools to view 3D city models and give feed-
back on the future of our city.

o Digital community messaging and signage in outdoor spaces,
such as what’s on listings, maps, transport information.

e Environmental monitoring and emergency response sys-
tems.

o Technology that fosters community innovation, such as open
data for research.

o Interactive learning and technology for kids.

o Other, please specify: [OPEN TEXT]

A.1.3  Likelihood of Use. If these types of technologies were made
available to the community, how likely would you be to use them
in your daily life? [SINGLE CHOICE]

o Very unlikely.
e Unlikely.

e Neutral.

o Likely.

e Very Likely.

A.1.4  Technology and Community Outcomes. How important is it
to you that technology helps provide the following outcomes for
our community?

Technology should be accessible and help people feel included, safe,
and connected. [SINGLE CHOICE]
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O O O @] @]
Not at all Not important Neutral Important Very important

important

Technology should help preserve and protect our environment and
make council operations more sustainable. [SINGLE CHOICE]

O O O O O
Not at all Not important Neutral Important Very important
important

Technology should enable council to plan thriving town centres,
resilient infrastructure, and suitable community facilities. [SINGLE
CHOICE]

O O O O O
Not at all Not important Neutral Important Very important
important

Technology should make it easy to move around our city and use
sustainable transport choices. [SINGLE CHOICE]

O O O O O
Not at all Not important Neutral Important Very important

important

Technology should drive business growth and education opportu-
nities, creating jobs, and a skilled workforce in Tauranga. [SINGLE
CHOICE]

@) @) @) @) @)
O O O O O

Not at all Not important Neutral Important Very important

important

A.1.5  Technology and Issues. How important is it to you that tech-
nology helps improve the following issues in our community?
Traffic Congestion. [SINGLE CHOICE]

@) @) @) @) @)
O O O O O

Not at all Not important Neutral Important Very important
important
A revitalised city centre. [SINGLE CHOICE]
@] @] @] @] @]
Not at all Not important Neutral Important Very important

important

Reliable and timely public transport. [SINGLE CHOICE]

O O O O O
Not at all Not important Neutral Important Very important
important

Public Safety. [SINGLE CHOICE]

@] @] @] O O
Not at all Not important Neutral Important Very important

important

Visibility of available parking. [SINGLE CHOICE]
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¢] ¢] ¢] ¢] ¢]

Not at all Not important Neutral Important Very important

important

Staying informed and providing feedback on council decisions.
[SINGLE CHOICE]

O O O O O

Not at all Not important Neutral Important Very important

important

Other. [OPEN TEXT] [SINGLE CHOICE]

O O O O O

Not at all Not important Neutral Important Very important

important

A.1.6  Council Services. Thinking about the following council ser-
vices, in which order (from first to last) would you like to see them
improved through the use of technology? [RANK]

Roads, footpaths and cycle ways.

Rubbish and recycling services.

Building and planning.

Outdoor spaces, such as parks.

Public facilities, such as community centres.
Drinking water, wastewater and stormwater services.
Business licensing and compliance.

Community services, such as events.

Other, please specify. [OPEN TEXT]

A.1.7  Prevention of Use. Is there anything preventing you from
using technology in our community’s outdoor spaces or public
facilities? Please tick all that apply. [MULTIPLE CHOICE]

o T have no need to use these technologies.

e T already have all the technology I require.

e Not interested in using technology/it doesn’t appeal to me.
e Concerned about privacy or scams.

e Not confident in using technology.

e Technology is not designed to work with my disability.

o I do not have a device to connect to this technology.

e Other, please specify. [OPEN TEXT]

A.1.8 Examples & Feedback. Do you have any ideas for new tech-
nology or examples you’ve seen from other cities that could benefit
our community? [OPEN TEXT]

Do you have any other feedback or comments you would like
to make about council or community technology? [OPEN TEXT]

A.1.9 Digital Skills. How would you rate your digital skills when
using community technology?

By digital skills, we mean how well you can connect to public
Wi-Fi, use a kiosk to get directions, and find and pay for parking
via an app. [SINGLE CHOICE]

) o) @) e} e} O O
Very low Low  Somewhat Neutral  Somewhat High  Very high
low high

541
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A.1.10  Demographics. What is your age? [SINGLE CHOICE]
Under 16.
16-24.
25-34.
35-44.
45-54.
55-64.
65-74.
75-84.
85+.
Prefer not to say.
What is your gender? [SINGLE CHOICE]
e Female.
e Male.
e Non-binary.
[ ]
[ ]

Other, please specify. [OPEN TEXT]
Prefer not to say.

A.1.11  Workshop Participation. The University of Waikato and
Tauranga City Council are undertaking a research project aimed
at co-designing technology solutions with our community. This
involves attending a two-to-three-hour workshop at the University
of Waikato campus in the city centre. All collected information will
remain confidential and you have the right to withdraw from the
study up to two weeks after data collection. Your input may help
shape future community technology in our outdoor spaces.
Would you like to participate in this project? [SINGLE CHOICE]

e Yes.
e No.
If yes, the following is displayed on the next page:
First Name. [OPEN TEXT]
Last Name. [OPEN TEXT]
Email. [OPEN TEXT]
Phone. [OPEN TEXT]
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A.2 Ranking Matrix

Figure 10: Ranking Matrix

Project Scoring Criteria Idea Scores 1-5

Estimated cost to deliver project:
*$200k - 500K

*$500k - 1m

*$1m-2m

*3$2m - 5m

*$5m +

Cost

Budgetline Is there existing budget available?

Estimated time required to complete project:
* less than 5 months

*5 -7 months

*7 - 9 months

*10 - 12 months

* more than 12 months

Time

* Delivery model
Deliverability * Partners involved
* Internal/external

* Complexity
Effort * Resources required
* Risk level
Benefit How significant is the benefit to the community or council operations?

Smart Community outcomes the project will realise:

* help to share stories about our community, history, and organisation
* inform, engage, and activate our residents and visitors

* facilitate the use of multimodal transport

* create capacity for innovation across the community and organisation
* improve council operations.

Qutcomes

Community outcomes the project aligns with:

* An inclusive city

*Valued, protected and enhanced environment
* A well-planned city

* Moving around our city easily

* Supporting business and education

Strategic fit

Novelty Is it creative, innovative, new, unique, or exciting?

Total

542
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