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ABSTRACT

Smart cities integrate technology, sustainability and governance to address urbanisation
challenges, employing loT for real-time monitoring and efficiency. This study explores loT
adoption in Tamaki Makaurau Auckland, examining benefits, challenges and diffusion patterns
across transport, utilities and environmental sectors. Using Rogers' diffusion of innovations
(Dol) framework, it analyses adoption drivers — relative advantage, compatibility, complexity,
trialability and observability — through qualitative methods, including literature reviews, open-
data analysis and stakeholder interviews. Findings aim to develop an urban loT diffusion
framework, offering insights for scalable, sustainable, smart city strategies. Tamaki Makaurau
initiatives, such as smart traffic systems and water management, highlight IoT’s role in
enhancing liveability, resource efficiency and economic growth, positioning it as a model for
urban innovation.

INTRODUCTION

Smart cities apply technology to urban challenges, advancing sustainability through integrated
systems and inclusive governance (Fialova et al., 2021; Nam & Pardo, 2011). Informed by technological,
human-centric and institutional theories (Anthopoulos & Fitsilis, 2010), the concept encompasses six
dimensions: economic development, citizen engagement, governance, transport, ecology and quality
of life (Estevez et al., 2016; Giffinger et al., 2007), while retaining interpretive flexibility (Albino et al.,
2012). Implementation draws on collaborative models such as the triple and quadruple helix to align
policy, innovation and stakeholder participation (Etzkowitz & Leydesdorff, 2000; Giffinger & Gudrun,
2010).

Tamaki Makaurau is deploying loT technologies to address urban challenges and advance
sustainability, efficiency and liveability. In collaboration with tech partners, 10T is integrated into
transport, water, infrastructure and construction systems. Smart traffic signals and the AT Mobile app
enhance transit efficiency (Auckland Transport, 2021; Bennett, 2025), while Watercare's smart meters
support leak detection, resulting in water savings of up to NZ$28 million over a decade (Sustainability
Matters, 2023; Watercare, 2023). In Wynyard Quarter, loT facilitates smart parking, adaptive lighting
and waste management (SparkNZ, n.d.c). Construction firms apply loT for environmental monitoring
and compliance (SparkNZ, n.d.a, n.d.b). These efforts reflect Tamaki Makaurau's integrated loT
strategy for sustainable urban development.

BACKGROUND AND AIMS

Connectivity, loT and smart cities

Smart cities have transitioned from 1990s digital infrastructure to today’s integrated sustainable
urban systems (Anthopoulos, 2017). By synergising technology, community and ecology (Hurtado et
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al., 2021), they employ information and communication technology (ICT)-driven data analytics (Law
& Lynch, 2019) through M2M networks and loT frameworks for intelligent monitoring and control
(Dobrilovi¢, 2018).

loT systems use sensors, actuators and cameras to transmit urban data via internet protocols,
requiring interoperable frameworks, reliable power and high-speed connectivity (Grace et al., 2016;
Jo et al., 2019; Rafiqg et al., 2023). Secure deployment depends on strong privacy protections (Noor

& Hassan, 2019), while scalability enables integration of varied devices (Zyrianoff et al., 2018).

Unlike traditional systems, loT facilitates intelligent machine—-human interaction through full-stack
architectures combining hardware, software and cloud analytics (Kranz, 2018; Woetzel et al., 2018).

In smart cities, edge and cloud processing enable real-time monitoring of traffic, energy and safety,
offering data-driven insights to improve efficiency and address urban challenges (Zaman et al., 2024).

loT, as an advanced automation technology, supports smart cities by enhancing quality of life and
enabling sustainable urban development. It improves efficiency in sectors such as commerce,
transport, healthcare and tourism through optimised resource use, enhanced human-object
interaction (Huang, 2020) and increased data accessibility (Brous et al., 2020). loT also reduces
emissions, energy use and infrastructure strain (Abbate et al., 2019; Bibri, 2018). Integration with cloud,
fog and edge computing is vital for sustainability (Rejeb et al., 2022), while big data enables efficient
processing and informed decision-making (Ge et al., 2018). Big-data analytics extract insights from loT
data to improve planning, resource use and real-time urban management (Bibri, 2019; Nie et al., 2020;
Shah et al., 2019).

Cognitive cities: The next step

A systemic urban approach integrates sustainability, resilience and adaptive learning. Systems theory
views cities as socio-technical systems shaped by evolving technologies, institutions and practices
(Kaufmann & Portmann, 2015). While smart cities employ sensor networks for data-driven services
(Mohammadi & Al-Fugaha, 2018), traditional models often neglect complex agent interactions and
ICT’s role in collective learning (Finger & Portmann, 2016; Malone & Bernstein, 2015). Cognitive cities
enhance this by integrating Al, loT and machine learning to enable responsive systems and improved
decision-making (Galal et al., 2023), fostering resilience through human-machine collaboration in
adaptive, information-centric communities (Helbing, 2015; Mostashari et al., 2011).

The aim of this study is to develop an urban loT diffusion framework through the context of
implementation in Tamaki Makaurau, by answering the following research questions:

* RQ1. What benefits and challenges are reported from current loT deployments?

e RQ2. How do existing dashboards and open-data streams portray adoption rates across transport,
environment and utilities?

* RQ3. Which diffusion-of-innovations attributes — relative advantage, compatibility, complexity,
trialability, observability — most strongly shape those rates and how?

METHODOLOGY

Recent research reveals uneven digital-technology adoption in the public sector. A 2019 review of 59
studies showing rapid Al uptake in public services, economic affairs and environmental protection, but
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noted gaps in understanding adoption disparities (Sousa & Rocha, 2019). The diffusion of innovations
(Dol) framework explains this as a socio-technical process influenced by stakeholder perceptions
(Rogers et al., 2014). Smart city 10T studies corroborate Dol's applicability to municipal sensor
networks (Leroux & Pupion, 2022). This study employs semi-structured interviews with Auckland
Transport, Auckland Council and loT providers, plus open data analysis, to examine loT adoption
patterns. Preliminary findings will be shared in a poster presentation.

RESEARCH DESIGN

This study adopts a sequential, multi-phase design, moving from smart-city analysis to a validated
urban loT diffusion model. The first phase integrates a literature review (Torraco, 2005; Webster

& Watson, 2002) with qualitative analysis of open data from five global cities — Tamaki Makaurau,
Vancouver, Melbourne, Los Angeles and Tokyo —to develop a provisional Smart City Adoption Model,
highlighting key technological, governance and socio-cultural factors (Creswell & Poth, 2016).

A systematic review is underway, using Rogers' Dol attributes (Rogers et al., 2014) to refine search
terms and code literature (2015-25). Findings will inform a provisional loT-diffusion adoption model,
further validated through semi-structured interviews with approximately 20 senior practitioners.
Transcripts will undergo thematic analysis in NVivo, with triple coding to ensure inter-coder reliability
(Clarke & Braun, 2017). Rigour will be ensured through triangulation, audit trails, member checking
and contextual transparency (Guba & Lincoln, 1994), producing a robust validated framework for loT
diffusion in urban contexts.

Phase 1 Phase 2 Phase 3
Smart-City Overview, Concepts, Provisional loT diffusion and adoption Empirical validation and model
and Definitions analysis refinement

Theoretical lens:
Diffusion of Innovation

I Thematic analysis

Integrative, concept-centric desk
Review (Torraco, 2005; Webster & Adoption model

Watson, 2002) Semi-structured interviews development
with project leads and ]
» technical managers

at Transport, Council, and
Secondary data analysis and cross- leading 0T providers
case l:omparison

¥

Systematic Literature Review ,| Integration and Reporting

Figure 1. Research design.

Given the early stage of technology adoption, a standard ten-year typical ‘'S’ curve diffusion is
assumed, with 5% uptake in year one and peak growth between years five and six .

Proceedings: AloT Global Summit 2025: Economic Growth, 15-16 July 109



CONCLUSION AND IMPACT

Tamaki Makaurau's smart-city programme targets six core outcomes: enhanced data-driven decision-

making, strong data governance, resilient and cost-efficient infrastructure, attraction of global tech
talent, improved international standing, and economic growth through sensor-based innovation

(Scally-Irvine & Louisson, 2016). The strategy centres on advancing smart technologies, fostering local
expertise and promoting collaboration to position Aotearoa New Zealand as a global innovation leader.

This study examines loT implementation in Tamaki Makaurau to develop a diffusion framework suited
to Aotearoa’s dispersed population, rural-urban dynamics and market context. Expanding on European
and North American models, it prioritises localised connectivity, data sovereignty, agritech, resilience,

sustainability and Maori engagement. Effective policy must embed privacy and security, support

innovation, and address environmental impacts through clear guidelines and integrated design (Muller

et al., 2017).
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